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20 uniform viewing angle characteristics can depend on the desired range of viewing
positions.

One viewing angle characteristic is the contrast ratio between the bright state and
the dark state of the liquid crystal display. The contrast ratio can be affected by a variety
of factors.

25 Another viewing angle characteristic is the color shift of the display with changes
in viewing angle. Color shift refers to the change in the color coordinates (e.g., the color
coordinates based on the CIE 1931 standard) of the light from the display as viewing angle
is altered. Color shift can be measured by taking the difference in the chromaticity color
coordinates {e.g., Ax or Ay) at an angle normal to the plane containing the screen and at

30 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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Generally, the present invention relates to optical compensators for displays, such

as liquid crystal displays, as well as the displays and other devices containing the optical
20 compensators.

In one embodiment, an optical stack includes a first liquid crystal layer and a -
retarder disposed on the liquid crystal 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

25 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 55 nm or greater.

In a further embodiment, an optical stack includes a polarizer layer and a j-retarder
disposed on the polarizer layer. The j-retarder includes a simultaneous biaxially stretched

30 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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The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures,
20 Detailed Description and Examples which follow more particularly exemplify these

embodiments,

[ Brief Description of the Drawings
| The invention may be more completely understood in consideration of the
25 following detailed description of various embodiments 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
30 element;
FIG. 3 is a schematic cross-sectional view of an optical compensator stack

according to the present invention;



element; FIG 2 is a top schematic view of a tenter apparatus for use to
formthe optical film 30 elenent; FIG 3 is a schematic cross-sectional

vi ew of aRy@Rbdimd7ig0MPENsat or stack according to the psEseoodddyeation; 3
WO 2004/ 072718 PCT/ US2004/ 002506 FIG 4 is a schematic cross-sectional view
of an optical conpensator stack according to the present invention; FIG 5
is a schematic cross-sectional view of a liquid crystal display according to
the present inveptd ans a sMembtiddréas-sbetiohal dieCdTaABpiidl Edr@Rbsadrelational view of a
liquid crystal display according to the present invention. Wiile the
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invention is beljeved to be applicable to optical. co sat.ors for
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such as, forﬂleel)ﬁﬁ%&?’ a plate or film with a principle optical axis (often
referred to as € "extraordinary axis") substantially perpendicular to the
sel ected surface of the optical elenent. The principle 25 optical axis

corresponds to the axis al ong whi %Qtaglgtfnte)sic;ie%lilngent optical elenent has an

15 The polymeric optical film of the present invention is believed to be applicable to
optical compensators for displays, such as liquid crystal displays, as well as the displays
and other devices containing the optical compensators. While the present invention is not
so limited, an appreciation of various aspects of the invention will be gained through a
discussion of the examples provided below.

20 For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in this specification.

A "c-plate" denotes a birefringent optical element, such as, for example, a plate or
film, with a principle optical axis (often referred to as the “extraordinary axis™)
substantially perpendicular to the selected surface of the optical element. The principle

25 optical axis corresponds to the axis along which the birefringent optical element has an
mdex 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, n, = ny # n,, where ny, 1y, and n, are the indices of refraction
along the x, y, and z axes, respectively. The optical anisotropy is defined as An,, =n, - n,.

30 For purposes of simplicity, An, will be reported as its absolute value.
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and out of plane retardation are parameters used to describe a biaxial retarder. As the in-
plane retardation approaches zero, the biaxial retarder element behaves more like a c-plate.

20 Generally, a biaxial retarder, as defined herein, has an in-plane retardation of at least 3 nm
for 550 nm light. Retarders with lower in-plane retardation are considered c-plates.

The term “polymer” will be understood to include polymers, copolymers {(e.g.,
polymers formed using two or more different monomers), oligomers and combinations
thereof, as well as polymers, oligomers, or copolymers that can be formed in a miscible

25 blend by, for example, coextrusion or reaction, including transesterification. Both block
and random copolymers are included, unless indicated otherwise.

The term "polarization" refers to plane polarization, circular polarization, elliptical

| polarization, or any other nonrandom polarization state in which the electric vector of the
beam of light does not change direction randomiy, but either maintains a constant

30 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.



25 bl end by, for exanple, coextrusion or reaction, including
transesterification. Both block and random copolyners are included, unless
i ndi cat ed woheywhses The term "pol ari zation" refers to ppanespolanimsati on,
circular polarization, elliptical polarization, or any other nonrandom
pol ari zation state in which the electric vector of the beamof |ight does
not change direction randomy, but either naintains a constant 30
orientation or Vlidtes fhiadallyyatieind! rderrrnniim thithapbansirgaiedrin at i on, the

el ectric vect I ns si.ngl e plane,.while in circular..or elliptical
pol ari zatio ‘fgfer‘?&é‘éeing Sr?jérsvgﬁef’h?‘g@ﬁ a SF??ESE}E%\%OB#IH ﬁed’ﬁ"’t“e Pg{hﬁtf “in a
systemati c manneThe tormV¥iROIRALNER BlaidRE TiddIRADAFRORSOMm ik hidhek Masthi axi al |y
stretched" refers to a filmithat has been strefched . in two different

di recti ons, Pertipn pkiiretghing i pagh obthg tep descions ipsrioEnsoHmultaReedsy - pl ane of the

film The term "gidfint:2 QRS <Yraldi-B%H &ltleychs we%é‘dﬁiﬁfimhaﬁge%@ thrQughotbitithig i N

which at least a portion of stretching in each two directions is
perforned sdisdbsianedusite temsThdentes israviy'} andf Sf'fcti'»‘héﬁ d"theaﬁ@ﬂm'st retch" are

used inter Ch&}%@%’ydrw; gat:;q @%cﬁﬁﬁh&, di scl osure, as are the terms

"oriented," r et and the terns "orienting," "draw ng,"
and "stret chi ng" Thefien t‘retardafmnefbraetdﬂamaehrecﬁers toahadiffarcaes betvedeatwot 0 t he

di fference betwe ogonal S refractjon tlnes t he thickness
of the optieg}‘og@flgﬁ%ﬁﬁ%mgﬁh ntt‘Eﬁﬁfhed}HﬁSF%?rPéﬂfe&pa?agﬁ refers to the
producygof the drhdemeriapldetaaafionReferOfott etk of te Bﬂfﬁfbﬂcé Beh &R Sw o f
refraction tinmes the thickness of the optical elenent. The term

" out - of - pl anEh9sepaliRralaneMdiceeataplsction fnes the biskaess of the prtica] slemence of t he
i ndex of refractipieql %ﬂo?Pﬁnéx‘%{aFd%B&? eféfsrtgakg? Sublofthd B ﬁﬁfe t he

optical elenment mnus one | ane 1 ndex o fraction tinmes the thickness
of the opti dudex ef mfragiion ajting éwrﬂat:lm@w diectich (¢ Hirectivmrafiteatpéeal etementivinps oduct  of

the differe CenH)elanel dex%??e)ﬁfia on't ?l‘f:t q%?slo(%%(%)ggalgteﬂ{e %?e aﬁl/él ction (z

di rection) of°t I'ca ement o nus e aver nal
i n-plang i ndiic®An @efferE &f thepiod e of theeifetdnes ¢ﬂ1he:inﬂ@scsfreﬁachhea10ﬁguheal el ement .

It is nderstood that th - posi.tive or lve - o t he out - of - pl ane
ret ar dat i on tREkessysetion {z S’F‘?fugﬁé’fﬁgé’imc%ﬁ}?m?‘gfmﬂ thozerLg P @‘f‘:’r’rpl icity,

general |y orahuogohﬁ .@Jpﬁeé iR ed/ ¥ rbtRacBbn aﬂestm@thmes%fmb ?ﬁ%af ﬁaxﬁfﬂatthson will be

reported herein. I s understood that one skil wi |l know
when to use uaﬁprasmq thaf[thegfagy] -cROsikive genegeiivegfaf ﬁheamw?el@@ﬂ gterdagian iss

important to the user. But for purposes of simplicity, generally only the absolute value of

20 the out—of—plaﬁe retardation will be reported herein. It is understood that one skilled in the
art will know when to use an optical device whose out-of-plane retardation is
appropriately positive or negative. For example, it is generally understood that an oriented
film comprising poly{ethylene terephthalate) will produce a negative c-plate, when the in-
plane indices of refraction are substantially equal and the index of refraction in the

25 thickness direction is less than the in-plane indices. But as described herein, the value of
the out-of-plane retardation will be reported as a positive number.

The term “substantially non-absorbing” refers to the level of transmission of the
optical element, being at least 80 percent transmissive to at least one polarization state of
visible light, where the percent transmission is normalized to the intensity of the incident,

30 optionaily 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



appropriately positive or negative. For exanple, it is generally understood
that an oriented filmconprising poly(ethylene terephthalate) will produce
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and non-scat®@ring for at |east one polarization state of visible |ight,
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absol ut e val whethdr ot hat espifcithf inpicatad Tlettemdabowhgansrally réfera st a Bige ofun. Al |
nuneri c._yval ues are. herei S d to he nodified by the term about,"

whet her ‘r  nBtbss Rt ong P&@imﬂﬁﬂm’“ﬁﬁ%ﬁl ¥?ﬂmvéik?8ﬁtt°'1ﬂegr§ﬁ 2l Ust ers to a
range of  10h#uipaRs Smicfadction or Rn1HKI hadyindthie e tyvisl"sbouenBiydasludqui val ent
to the recited value (i. havi ng the sanme function or result). In many

i nStances, t REmiesy that m’a’l?ﬁ’éé"d torkhy TPaEst SBICHGEAEYFSs that are rounded to the
near est signifi caftighi @eRs, phebl By wREHE NGy wHEKCARIMDNMRE Sbnynibthy wei ght ,
and the |li ke are synonyns t Rat refer to tthe Concentration “of a substance as
t he wei ght ofeferliaithe sonvsntzaiion oflik wibdlatceny thetvesight 8f ihed sybstanse dividsd bpthsosi ti on
ond, T 142 Sl ROl SGEE AL AR srer e anoes, by encpol s
1.5, 2, 2.75, 3, Thed6itadon afiminteyical Amgesicendpoibth irehsipea] fundstd sabsuared t he
appended cl aiWI n tltlar’ggansg‘is ?eggu.llat(r) Sfir(l)caurﬁgs ;,ayjﬂ, 2,2a1i|5, 3,3.80, 4, and 5).
As used in this specification and the appended claims, the singular forms “a”, “an”,

and “the” include plural referents unless the content clearly dictates otherwise. Thus, for

20 example, reference to a composition containing “a compound” includes a mixture of two
or more compounds. As used in this specification and the appended claims, the term “or”
is generally employed in its sense including “and/or” unless the content clearly dictates
otherwise.

Figure 1 illustrates an axis system for use in describing the optical elements.

25 Generally, for display devices, the x and y axes correspond to the width and length of the
display and the z axis is typically along the thickness direction of the display. This
convention will be used thronghout, 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

30 surface. The z axis 1s perpendicular to that major surface and is typically along the

thickness direction of the optical element.
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stretched polyneric filmbeing substantially non-absorbing an

non- scat t er iofrplahoyetagdantebeing Hrem podreatétzat i on state of visible light; and
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t he orthogonal in rac are”not P r et ardance
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bei ng 55 nm.or greater. . An olymeric materjal capable of being biaxially
stret ched aﬁ?l‘ﬁgééw&’ P‘ﬁ@‘ﬁe%i%p pryaIes, BPYPYS PRYCYRLEShed herein are
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Polyolefin includes for example: cyclic olefin polymers such as, for example,

20 polystyrene, norbomene and the like; polypropylene; polyethylene; polybutylene;
polypentylene; and the like. A specific polybutylene is poly{1-butene). A specific
polypentylene is poly(4-methyl-1-pentene). The polymeric material described herein can
be capable of forming a crystalline or semi-crystalline material. The polymeric material
_described herein may also be capable of forming a non-crystalline material.

25 In a further illustrative embodiment, a polyester can include, for example,
poly(ethylene terephthalate) or poly(ethylene naphthalate). The polymeric material
described herein can be capable of forming a crystalline or semi-crystalline material. The
polymeric material described herein may also be capable of forming a non-crystalline
material.

30 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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the polymeric optical film may be 150 nm or greater or 150 nm to 1000 nm.

In a further illustrative embodiment, the absolute value of the out-of-plane
retardance of the polymeric optical film may be 55 nm or greater, up to 1000 nm. The
absolute value of the out-of-plane retardance of the polymeric optical film may be 200 nm

20 or:greater, up to 1000 nm. The absolute value of the out-of-plane retardance of the
polymeric optical film may be 225 nm or greater, up to 1000 nm. The absolute value of
the out-of-plane retardance of the polymeric optical film may be 400 nm or greater, up to
1000 nm.

‘The polymeric optical film can have a thickness (z direction) of 3 micrometers or

25 greater. The polymeric optical film can have a thickness (z direction) of 3 micrometers to
200 micrometers or 3 micrometers to 100 micrometers. The polymeric optical film can
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

30 thickness (z direction) of 15 micrometers to 40 micrometers. The pol&meric 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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m croneters. The 9 WD 2004/072718 PCT/ US2004/ 002506 polyneric optical film
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polyneric opki&ale $ﬂ|5|5 Pef ANeRANA a7 aﬁ&hﬁ%‘ﬂﬁﬁf & oﬁjt‘-c(fﬁ)‘fe{de(?éﬁrd%{ce brad rﬁxE onet er
he a [ | z
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Anot her enbodi_nment i ncl udes _a. pol yneric_optical film having a thickness
from 15 ni cFéhdesyrobmpericopticsl fim hutipg sthickpess ﬁglﬁ|1§@§crrog1ci§ﬁ)tg%ee of 85 nm or

less, and amiabagbilss iyplaberepirdmBe W5 nhlordéss Pnd R absShAd HARCHE aRburdl0 nm or
greater. Another enbodi nent includes a polyneric
plane retardance of 300 nm or greater. Another embodiment includes a polymeric optical
film having a thickness from 40 micrometers to 60 micrometers, an in-place retardance of
20 100 nm or less, and an absolute value of an out-of-plane retardance of 250 nm or greater.
Another embodiment includes a polymeric optical film having a thickness from 15
micrometers to 40 micrometers, an in-place retardance of 100 nm or less, and an absolute
value of an out-of-plane retardance of 400 nm or greater. Another embodiment includes a
polymeric optical film having a thickness from 1 micrometer to 5 micrometers, an in-place
25 retardance of 20 nm or less, and an absolute value of an out-of-plane retardance of 300 nm
or greater. Another embodiment includes a polymeric optical film having a thickness
from 15 micrometers to 20 micrometers, an in-place retardance of 20 nm or less, and an
absolute value of an out-of-plane retardance of 100 nm or greater,
The polymeric optical film can have a length and width of at least 0.65 meter. The
30 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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of the 5 layer of biaxially stretched poly ilm One quantitative neasure

of uniformty is Coskllisaépnasodifigriinciyie for example, clarifying agents and nucleating
agents. Crystallization modifiers aid in reducing “haze” in the biaxially stretched
polymeric optical film. Crystallization modifiers can be present in any amount effective to
reduce “haze”, such as, for example, 10 ppm to 500,000 ppm or 100 ppm to 400,000 ppm
20 or 100 ppm to 350000 ppm or 250 ppm to 300,000 ppm.

The range or solid cone of desired viewing angles can be manipulated depending
upon the exact nature of the application. For example, in some embodiments, it is
desirable to have a large solid angle of acceptable viewing. In other embodiments, it is
desirable to strictly control the range of acceptable viewing (for example, for privacy

25 purposes) 1o 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

30 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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8 e GO BIGEB (eR0k GBhfYSi
stretched polymeric film. At least a portion of the stretching in the second direction
occurs simultaneousty with the stretching in the first direction. This technique forms a
polymeric optical film with the properties and attributes described above.
Attempts to biaxially stretch polymeric film in a sequential manner have failed to
20 produce ideal polymeric optical film with the properties and attributes described above.
Polymeric optical film biaxially stretched in a sequential manner, i.e., stretching the film
in a first machine direction (MD) followed by stretching the film in a second transverse
direction (TD), may often produce polymeric optical film with “patchy” or generally non-
uniform optical properties and attributes. It has been observed that the final stretch
25 direction imparts a greater influence on the optical properties and attributes of the biaxially
stretched polymeric optical film; hence, the direction of the slow optical axis is not easily
controlled. However, attempts to optimize this process have failed to produce polymeric
optical films with the properties and attributes of the present invention.
Simultaneously biaxially stretched polymeric optical film still has some of the
30 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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The sinul taneous biaxially stretched polyneric optical filmof the invention
may 5 provide a w de range of properties that are different fron1TAC such
as, for exanple: |ower dispersion of the refractive index her | evel s of
out - of - pl aMé PWEEPA i on for any given thickness of the ﬁgV H02¥Bti ca
filmof the invention verses TAC, inproved noisture barrier resistance;

| ower nanufacturing costs environnentally friendly manuf acturing; ability

to easily custo e .o ertie m subs tiall c 10 plate
Lo that of aoBrm G eabi oRti e Ber e Bes darsdfe By pre e dvent fon
may be thi ngenltideaunlyAkxidliy seetching Ero@esﬁllﬂilpfo&émék{ts BMitn difvehsionk] sagayi ve

c-plate retardance, the overall i ckness of the novel integrated stack of
films, descrpioadsed @wlm%saﬁarﬁéﬂms mErazed qyuevd %eaemﬁﬂﬂ%%ﬂ LS BRtCHBRPIOSSEur i ng

pol yneric Opﬁ‘hcﬂli’rl)cegé &é%ﬁ@yﬁereﬁ%ﬁeéé%%%ﬁc optiAEARtARTWE frBabumgude

stretching a po Imin afirst dlrectlon and stretching the 15
pol ymer il naﬁnbug;sgfetbgmsmmmtnogn different than the first direction

formng. a bl axi al iy, sstahehec BOLMTRELEVLL LA e RSk 2uRAr 9 duae t e

stretching in the econ Irect occurs simu
stretchi ng i protdseof the siverdione®be tanterfﬁblybe ¢feldhiypediecldsed msUS. PgedtWNoer i ¢ opt i cal

bi axi al |y st rQ0EREpaCpRErPReRe I hioR s SRR R alierond R T e 0 20

produce i dealyhenkhereiveCclipplD el 1dfe|r blms\mtdaet e @iveR eligsi22Sraidstakddr | but es
descri bed above. Polymeric optical filmbiaxjially stretched in a sequentl al

manner, 1§ . e. Schgmaf&aﬂhﬁ%@%@ar ¢ wlﬁleathff et elinspdiargibusiiated sehegrticaliy)as

fol | oned by %{aén%ﬁé}.' Ard 3R phits! di“dh@en%hﬁ@ﬁ?&ﬂa éﬁzé{‘éﬂ%&é are@nk 8FbRNdeA D) . May
of t,en produce polyneric Oppl cal Imw th "patchy” or generally non- uniform

optical propelnsi2ds Agiltnstiated; e Iasy be twolidler dipe? bitweaneach paizef clipe2X ¢l
stretch 25 di v@r?#a'ﬂol'ﬂl) g&%? Elguls% giﬁfa}rglts gLep(gl)ééﬁ;l‘o ﬁEatht r?tl%l:l ‘f?lnl Eoperties

and attri but ric optica M hence,
the dir ect| odirettio irdicaled by dmtarroah atathke endk sfme)taﬂe&nilaﬂy, mutﬁer sdtloBclipsBayever

atterrp ti pro ss. have jled to rqduc pol opti cal
AL T4 q%*daﬁfo & BRrvR i pRLa s Hbe 5&8 richGu Y Fiiperows

Si mul taneouslavm@hm bPIbk YaiS e LR @@hdiarﬁfelfﬁmgagescaﬁd ;l)&bélfﬁlﬁ'%'lﬁ thgas sone of
the 30 problens associated wt sequenti al %1 bi axi a stretched polyneric

optical fil mdireetionshivm tarihe asrqu@@l@sceum ofulke filon. shthe endlp eb@s rajls 2 abdi el y
oL tched oy s Ainal skl SBbaeaIaky Bh sl boghsienee
PCT/ US2004/ O@2¢mBe of the tenter to grip the cast web to propel it through the tenter. (For clarity of
20 illustration, the clips returning to the entrance on the outside of the rails have been omitted
from Figure 2.) The stretched film 26 exiting the tenter may be wound up for later
processing or use, or may be processed further.
The polymer can be cast into a sheet form to prepare a web suitable for stretching
to arrive at the optical film described above. The polymer may be cast by feeding polymer
25 resin into the feed hopper of a single screw, twin screw, cascade, or other extrusion system
having an extruder barrel with temperatures adjusted to produce a stable homogeneous
melt. The polymer can be extruded through a sheet die onto a rotating cooled metal
casting wheel. The web is then biaxially stretched according to the process described
herein. The extruded web may be quenched, reheated and fed to the clipé. 22,24 onthe
30 first and second rails 12, 14 to be propelled through the tenter apparatus 10. The optional
heating and the gripping by the clips 22, 24 may occur in any order or simultaneously.
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optical filmwth "patchy" optical properties and attributes. In addition,
by enploying a simultaneously biaxially stretching process, inprovenents in
filmdi nergdapabrsi@bility and reduced thickness vari ahidrntseesssorsal i zed
over a sequential biaxial stretching process. The process described herein
produces polymeric optical films with the properties and 5 attributes of the
present invention. Figure 2 illustrates a top schematic view of a tenter
apparatus for caTleyhilkgi2Qu4 pdshehroyphaeessciidnst frehehtseativin iGnstreldhacdtiontl®r nmay be
of the type djsclosed in U S. Patent No. 5,051, 225. Tenter apparatus 10

i ncl udes a Fﬁldrl%oft'sﬁeffg @ﬁ@e“ﬁ?cg?ﬁzoa&%@eﬂ?&e@is Hop i?’lmelﬁmbﬁ%eﬂﬁﬂ%h t he driven
clips 22 angithilaghpgopiite Rhpblatite r%@o dndv 8 BighificRf ardurdoestidtdnipt r at ed 10

[

schematical ly as boxes narked "X le the idler clips 24 are illustrated

schemat i cal Mjtheus breglgiag: Blbscbree fmmotigral seofienisrls: bY arf 30mpy g brpkenziowan a gi ven
rail, thereggne @%ezoﬁés. 'Rt &ah@;}[!l 2En orfe lehiBSdififint AFhe! thdedtSthE Bl sdcHEH s MBY be

. [
two idler clips bet ween ea pair o c I ps 25 on a Iven rai&f, One set
of clips 22 nches soavells Z2pamd 743, tsaticttlosspticubl@uncludes zéries 8, £p0d 462 andh t he

direction indicated he,arrows, at _t he S_ of .rail .. Smlarly,
Chot her aet Pogr gl estiog 20551k pbobf 78 A0 2, FisiBhersadd Ml (V-
rail 14 in tphfeddistrerch,iaad pbatdicsdicfthebtiont ey sdchonbudedtwdrbemered®nafthdnhe rail .

The clips 22, 24 hald the filmedges and propel film26_in the direction
shown by t hdlugFiedy Féarﬂl?qn@ﬂtﬁ@ﬁg%ﬁe Seahign 1.1 TA(TERRCRBYCHNE he r ai | 5 12,

14, they clichfpatent oftréi&ll ﬁﬁﬁ@l\/ﬁﬂ@\ﬁcﬁnﬁr&@cﬁoﬁp&mﬁoﬁ% of AR Ry Wen al ong the

outside of the rails to the entrance of the tenter to grip the cast web to
propel it t pedeugpd innthe saspearin differpnt zones: iFoyexampb MIP angs 1P strqtedveach may cl i ps

returning t i rai itted
from Fi gur e%ﬁ&?ﬁﬁﬁg%égg‘g?gﬁ@rdée Pll? f}%‘é&%&sg% %{’ﬁ%&]?%eﬁ{ﬂélﬁ{’gﬁyﬁoanaﬁgiht&gund up for
| at er  pr ocesgéhmgayosccustEfore thergher e npy begds befdrefther dtherand dVeelap tleyther. can be
cast into a et. formto prepar web suitable for str.etchi.n to arrive
o e ont S e, B PRl Sy RS Do h) oRt S ME) T ng

pol ymens 25 ek&§ilée) MIDEReté@ay 68r hTRRGE 76 fviodiafg VD Sedt@Vicolrfihgings. ew,
cascade, or other extrusion system having an extruder barrel wth

tenperatures adj d¥ReHAGNEBHFMDAYprlf glaﬁé}%@%cﬁé&}ge PTRRAE SSHIEPTpol ymer  can
be extruded Bﬁfsﬁgt_&htré’anﬁfkﬁ%écti@h.eF«ﬂﬁbﬁﬁnﬁe,rix?g'étein'%gdiﬁﬁﬁt! iﬁﬁistx'ﬁﬁﬁ?étretgﬁiﬁgﬁagg wheel .
ed | escri bed

The web is tphen raxially stretc according to the process

her ei n. The begit mrdae Ze Biretelyinhmay) crativkedto zoshdhoewyanid Stretthing ntafie cl i ps 22,
24 on the SOU\f 'lre§t aQ]?' hsezcgrgd r ai Ing % 14 . to be propelled through the
tenter appararug™mPY oHAE Z8F58ReAo e &t Lnd the gripping by the clips 22,
24 may20ccur in Fhyamdsutest soietchingln tha MIPmaY Ye different than the amount of stretching

in the TD. The amount of stretching in the MD may be up to 10% or 25% or 50% greater

than the amount of stretching in the TD. The amount of stretching in the TD may be up to
10% or 25% or 50% greater than the amount of stretching in the MD. Surprisingly, this
“unbalanced” stretching helps to provide the optical film with substantially uniform in-

25 plane retardance.

The film may be propelled through the post-treatment section 20. In this section,
the film 26 may be maintained at a desired temperature while no significant stretching
occurs. This treatment can be referred to as a heat set or anneal, and may be performed to
improve the properties of the final film, such as dimensional stability. Also, a small

30 amount of relaxation in either or both the TD and MD may occur in the post-treatment

section 20. Relaxation here refers to a convergence of the rails in the TD and/or a
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13 WD 2004/ 072718 PCT/ US2004/ 002506 The rails 12, 14 pass through three
sections: preheat section 16; stretch section 18; and post-stretch treatnent
section 20. t he preheat section 16, the filmis heate an
appropri at éw# @?gpflre range to allow a significant amgp(ﬁﬂgﬁ%%ﬂez?oéhl ng

wi t hout breaking. The three functional sections 16, 18, and 20 may be broken
down 5 further into zones. For exanple, in one embodinent of the tenter, the
preheat secti [}(ﬁl roa on 18

i ncl udes zone§ yZ. ke f%%%é%gﬁﬁ egclthﬁ%%%l th‘falo@f r%émhf}?%eé{e?%%ﬂ%%@&?e&é ncl ude
zones Z7, ZBonahmﬁlmnthetTDaldlmd«éDstood that the preheat, stretch, and

ost-treatnent segtio e i ncl ewer Qor_ nore.zones ihan

|PI | ustrated. Furt ?g\lﬁtcﬁl%/% Q?ﬁgnss’ls Fg{s Eoelg?'rl‘yd?ﬁocfﬁs, Copwgloﬁsdnfff‘pg'ﬁé\%r se

Di rection) 1romﬂmwme oofnpsditicet ¢ftheqioljinite of\@sml\ﬂﬁfﬂaﬁtﬁlganﬂqﬁﬂcmg conponent

of stretch may be ﬁﬁforrred in the sa I n dlffg_rent zones.  [For_ exanpl e,
WD and T ‘st PERERE tiggfempreiiie story 5 Bisheatif L Fp BGOSR FHBE e 74,

Z5, and Z6. RKyedbieg tengeﬁu&@ﬁm NRreRh proifid &6, mnmé eSO strbRhRE e withanot her,
or may begin before the other and over| ap the other. Still further, elther

conpo In ent of bseafiss efthoviagchingcharein, anawfiskillin she agmeaycidnist anyer 8l eftheseor 15
Ph 78, < some tepesfl SO0 Hins G naREued it Ierdind thablaidisid, DECLEL M

section or post - §he edading bf thabiagially smuﬂ:emopﬁcﬂdihnewhﬁgm befane otrefteetibodi ment

illustrated, stretchin Stretchin continue into
Jone 27 1Br it S&idheiRite Bl Sotid o fosling b Hehd SRS "o ee

Z3, 75, or ZGeferQo Id&tﬂm@@iﬂislf&htlﬂlfytﬁéénﬁ‘tdl\hidﬂg)rl'ﬂm dfiiee WD, et theedbefpbRiogn2s t han
the anount of stretchin TD. The anount of _stret chi ng in the MD may

be up to 10%%theitnthrou g?%@ewonéﬂaﬁmﬁﬁbnamﬁm%% Zgps @OERE ng in the TD.
The anpunt ofmﬂeagm,haf&g gfﬁ,@tr&tﬁﬁnan%Xs Ren fbtana%mqa%%lf&%%%é@ﬁw eat er

than the anount of sStretching In MD. Sur pri si ngl th al anced
stretching herleii@Elamw qf polyingac eptisaldpms adkn #riplied wamffsmygtamnuntaﬂoyhmgmﬂm min

25 pl ang ret e pr opel ' ed through the post-treatnment
secti on %eprﬂvﬁ(gedsbé’ ?ﬁm{')dna"conﬁé/cu?l 1m 26 may be nmaintained at a desired

t enper at ur e whi e Imeddtianapgplicaioh oSkﬂﬁ‘fechvmouﬁmﬂzbm coblingintpreat tertossan be
referred to as a,he et.or a erf d_to ovethe
properties of‘fi’feﬂ%‘mﬁf@ﬁ verigtign o E‘E‘cﬂi‘mﬁ“ lAéﬁ]é tF‘iB’ithﬁ‘F F*Wﬁfsg% 0% smal |

by.employing zone cooling immediately after the stretching zone, the cross-directional

(TD) variation of in-plane retardation, as expressed previously,

20 ' ~—————Amx Ay
w
is reduced. The ability to actively control the cross-directional (TD) variation of in-plane
retardation is useful when considering the practical aspects of manufacturing polymeric
optical films to a sizable width (i.e. 0.65 meter or 1.3 meter or 1.5 meter or 3 meters) and
when considering advantages gained in economy of scale and yield. The Examples below
25 illustrate a variety of processing parameters to achieve the polymeric optical film of the
present invention.
Optical compensators can be formed using a variety of different optical elements.
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
30 a-plafes 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,
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30 anount of relaxation in either or both the TD and MD may occur in the
post-treatnent section 20. Relaxation here refers to a convergence of the
rails in thewpoandé or a 14 WO 2004/ 072718 PCT/ US2004/ 0080 6s206mmesrsgence of
the driven clips on each rail in the MD, or sinply the reduction of stress
on the filmin the TD and/or MD. Biaxial stretching of filns is sensitive to
many process conditions, including but not limted to the conposition of

t he pol yner 5,619,3%sb638,197, A986313, agl HPRS, '/t?;ﬂ;aemdlﬂOTg’afﬁnpApplmtimssPublidaéon

time-tenperatu e t.he el etching, the
st r et chi ng ?‘8?1%"2‘?? /3|b fggﬁbb%h@{ig&r %E %fnvgﬂ?hoafre n«gmﬁg% & an Olf 16 T At es of
stret chi ng W t hfﬁeh@tlcible}&mfaifltb Srﬁ@ﬁnﬂé‘&eadtlﬁaﬁ‘ﬂbm@mhﬂésedegmbﬁmB?lewlfv t@mﬁhl in tEe
art may adj ust y. al] of these r tesan otnlmsangte
desired opt P@&Pﬁ’@d@ﬁ@? Ftisel CHRCTSHAF SH0ake r DRH LediepREORHS SORtPeRLor RESi axi al | y
stretched opfy Hé%nﬁéd'b?‘di%&sn%ﬂﬁdi‘arﬁ&f 18 o4 clﬁﬁés%hc h&uﬁd cx%@tapﬁﬁt%ﬁal% i r et ching

In the stretch section cooling can be "zone" cooling which refers
to cool i ng sexsbpalymer qpjical him @escribed it h or TD of the web, from the edge

portions 28 of ghe hi simcmfst JﬁrQ%HQah a&ﬁﬁenﬁeﬁ fatc lf]{‘htqﬂclg’&sgf 1bfiBed10m

Surprisingly, zon8 cooling T nme e stretching zone has been
found to i miispwed oma fict hqm@crgﬁalllmmeé‘heg-&taﬂd@ﬂﬁmcbfdepmlaqufl c optical

films when app |ed|na effe ravi ded by
forced air & r‘l‘&}@bﬂf’?%]?fm K S5 d1p8 ﬁ%&l{lﬁ&‘f?s{ﬁﬁﬂﬁyﬂ@f‘?@%“?‘?e@ nount of
zone cowl i ngoﬂ-éaaftmst"oﬁémaaroas'pola@lzan@mtat@eﬂhsxbl’ém)ghwawheguretsaraemo hes gl ane
retardation. As illustrated in the npl es bel ow npl Qyi.ng zone

cool i ng i m¥dngEerpogreldpdipasof geﬁa@f%m?& 3 i3l twp pbthe PBE%%OB?Ir‘%‘E‘quBBaI (TD)

variation Ofreﬂa@ﬁcﬁﬂa?@ﬁot%ﬁﬁa@raQ% btk reﬁ?daﬁé%q{eﬁ‘%sl%@ R &VdsP R I abAIBE vall@ M 20 m
Wis reduced. The ability to actively contr the cross-directional (TD)

vari ati on oPfaypusiofplane yetsrdanerdieingPOinen ersmfadr. when consi dering the practi cal

aspects of manuf t [ h (i
055 moter or 1. SoplRRRHIRRLE 0 Ul B ol il iy TRPRSUMMEER, |- ©
advant &ges gazstabldyarm@mﬁbmmmplammaeplamdr;heéilkd The Exarrpl es bel ow 25

illustrate a variety .o rocessi n, ar amet er chi eve the polyneric
optical film of xﬁ@%i’» SLOVBS t?latt € opti al%ompensator s%ac&c%O& may(lanc ude a se ond }équld

crystal layer 325 disposed on the j-retarder 310 or the j-retarder 310 may be disposed

between the first liquid crystal layer 320 and the second liquid crystal layer 325. The
second liquid crystal layer 325 may be an o-plate, an a-plate or the like. The optical

20 compensator stack 300 may further include a polarizer layer 330 disposed on the first
liquid crystal layer 320 or the first liquid crystal layer 320 may be disposed between the
polarizer layer 330 and the j-retarder 310. The polarizer layer 330 may be an absorbing
polarizer or a reflecting polarizer. A reflecting polarizer layer 340 can be disposed on the
absorbing polarizing layer 330 or the absorbing polarizing layer 330 can be disposed

25 between the reflecting polarizing layer 340 and the first liquid crystal layer 320.

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

30 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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present invention. Optical conpensators can be fornmed using a variety of
different optical elenents. Anong these optical elenents are o-plates,

c-plates, a-plates, biaxial retarders, twi sted o- plates, .St -pl at es,
and ot her r‘%‘{’)é‘?"d@?zé’.ls | nformation regarding o-plates, c- pl%éﬂg?zﬂgﬂ'ﬂﬁ%
a-plates can be found, for exanple, in Yeh et al., Optics of Liquid Crystal
D spl ays, John WIley & Sons, New York (1999), U S. Patents Nos. 5,504, 603,
5,557,434, 5,612,

1l .. 2004/ 0727, P 2004/ 6 2,
S 638, 197, 5. oso, i OEraRlct 4R AR ek Nl BpO R B aueBR Rl | ot on
Nos. WO 01/ 2@3®3ismnel OO fit? Pl Dk ingllayer 80 wihthe firsapdaniaignlapaw 1ad exh Yeer ei n by
reference. The optical elenent re.cqnfi ed . n conbingtiqQns as descri bed
bel ow to for SP%%H’WFCDO fpgan Ofiﬂﬂqgg@[er g%’gﬁ]éedfrﬂag@f gﬁ({(s e@ﬁpﬁ%{l bodi es
or optical cofBesBIGhBIbeShABKTbindpslRieP o ofisttitly Pylakies IS Wi stpoR@iztgi Zer
| ayer or _a cholesteric liquid crystal material on_the novel polyneric

1

optical fil midestiliipurpbipdme polexigey emthe proprd planizing laver 40QeavdiSdat or st ack
300 that inclylegnAolaizet@ysder 310 disposed on a first liquid crystal |ayer
320. The j-retarder 310 iIncludes a |ayer of sinultaneous biaxially
stretched pol ymer Addifipnalayets nan kadddedtator h¢tivgentbe optivalromipansationstadys
non-scatteri : : ' |.Qn. sl ble Li The
Pretarder stbchdesbed §89% R05uGR BROERIRRENE, Bkl diefintt Wi 02,

| east two of dpigtenpphtgandbr ¢-pldies el thé liker ef racti on are not equal, an

I n-pl ane_ retardance being 100 urn or |ess and absol.yte_val ue _.of

out - of - pPane et aPBARCEOBEPG! SPRARYPT SRS be iR I8 F1F FaicH T gl o
llayer 320 i ngls¥éhRa majoil ficd o€ i L.EDHandTed £inbatler sikdilar foithat twhidhGehebntiddal Cryst al

| ayer 320 may _be an o-plate, an a-plate or the like. Figure 3 shows that the
optii cal conpeliduiopolaizsmarsiominged. The prigal campensalien acksifeseriedypbevs | ayer 325
di sposed 0N 1 ide 4 Gl Hide of Marftr, SR ExohplEh Batll B fbr BRY.plAR. B
between the first liquid crystal [ayer 320 an the secong I'Tquid Crystal
| ayer 325. Theen bgtabueatedth qukelarcopfistlabmpengation3Rek mithols dramatioallyl ingreasingn
a-plate Qr t L ke, opt I.cal C nsat@r .stack Q may_further
I ncl ude 1§ polr}ger tllhlzcgl?esf g@@? p@%‘ézeﬁi ‘g’%@ggﬁ%ﬁmg ﬁt{ﬁf’ va:{%?on] hl%gem ’(!Jt %Pfilss‘{bgel%l ayer
320 or the fifalaicafeiafopiitateongieadatibmytank wiOpol@mizedoehich Bpldsed thaehwesventidial

pol ari zer Iayeiﬁﬁgm and t he #-ret alr der 310. The polarizer |ayer 330 nmaybe an
absor bi ng  pdiPfriEFdpet entappgddionpl fmpensaiqnAlp. A ref | ecting pol ari zer |ayer

340 can be di sposqge ghtichi¥vdies or optical compensators described above can be used ina

variety of optical displays and other applications, including transmissive (e.g., backlit),

20 reflective, and transflective displays. For example, Figure 5 illustrates a schematic cross-
sectional view of one 1llustrative display system 500 including a light modulator 550
disposed on an optical compensator stack 501 that includes a j-retarder 510 disposed on a
first liquid crystal layer 520. The j-retarder 510 includes a layer of simultaneous biaxially
stretched polymeric film being substantially non-absorbing and non-scattering for at least

25 one polarization state of visible light. The j-retarder 510 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. The first liquid crystal layer 520 includes liquid crystal material.
The first liquid crystal layer 520 may be an o-plate, an a-plate and the like.

: 30 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

17



absorbing polarizing | ayer 330 or the absorbing polarizing |ayer 330 can be
di sposed 25 between the reflecting polarizing |ayer 340 and the first liquid
crystal | @upspodd7is Figure 4 shows an optical conpensat aicTaisaedk/0dfHst hat
includes a j-retarder 410 disposed on a polarizer |ayer 430. The j-retarder
410 includes a |ayer of sinultaneous biaxially stretched polyneric film
bei ng substantially non-absorbi ng and non-scattering for at |east one

pol ari zat i dayes 628 maypbe an splategart a-glate.or THa dike. - Thet aptidd codpéhshtasstack 5¢1 and z 30

ort hogonal i ndic refr ct| ort onal

rai ogo"ar iR e bRk el S Sufted oA 30 g Rl erbe 18 2R T00 ur

or | ess andhefirstlixfifd ¢ty @alN&fed 2008and dﬁ?‘iscd Bétwpinahepdl aiRf Baaceo b mgj-5S0 nm or
greater. 16 WO 2004/ 072718 PiiT/ US2004/ 002506 . . The opti cal ﬁonpensator st ack
400 may fureREr P e Thagclriss %'ﬁaﬂ&dvagrheféIabqoaty%&p%%ewrsaprs €8N the first

pol ari zi ng JAyekr é@@ﬂeénngtg@ahhér%ycpsuoaaaﬁ Eé H‘igpdsé’d/&{thé Qlaﬁﬁﬂg ﬂ?&r 590 spos ed
bet ween the second pol arizing | ayer the j-retarder 410

pol ari zer ﬂhap@anmmamﬁ%ea m@ﬂbﬁwﬂp@ﬁ Eﬁﬂeﬁfé}g relarigingdgyee 40 aﬁé

pol ari zer ing 5 layer 430 is an absorbing polarizer,
t hen the setlg%ﬁ%ip "{l ét?lﬁé ?g%/%r 440 can be a reflecting polarizer |ayer.

Addi tional | ayerFsgma@ﬂluetraiek:Mhd:matmmxdsekm&ml tibe otﬁpﬁa mwuaumqn@at i on stacks

| ayers descri be nal | ude,

i gnovent 1 @00 R ingadien SR oldaRse of K5 peteBetmini Seke@T 10" e
or nor@ opt ihﬁtaﬁcmdéﬁfﬁ?ﬂﬁﬁﬂér@w%sﬁ@é& oﬁ@Folb&zef RyErE30 T Preturder 6B Maj Or face
and a second nmajor face of a LCD Iin_a manner simlar to _that which

convent i onaincluggs@iavsr &f SHBPléﬁnFQ‘@rbéa"éﬁHé stretthed aplamer fippbeing substpntitllyidhsat i on

stacks descyshsg aﬁ@ﬂ&z-scﬁﬁé}iﬂg%élé%t%ﬁé S 80Ptath Sfﬁﬁﬂﬂhgh{ afpegxanpl e, a
bi axi al retarder "or c-plate, birefrin ence can be fabricated to make an

opti cal com@r@aﬁl%hﬁssth@ndwo:th'@gwalcimMpfl@ﬁaqnpnwiaelre@waﬁgwqgf thpie t hi ckness
of the pol a{sﬂth%g&a} x\f%ifcgsa%iq@ﬁﬁcﬁgﬁ Rieng Qi ﬁqﬁ—pﬁ\ﬁ?ﬁé&@ cpg&ﬁé Teva]rlﬁnté i fggP0SSi bl e

to fabrica ensaton stac ar ze I'S thinner
t han alSconvardtanebmlute poteeo] an@nt-mliaplalreamxﬂamei’ogngdﬁinmlcmgaelatecorrpensat fon film

vari ety of opt | O OBk PRt SHER BT B TES S & SRR GG EEhon Ssi ve
(e.g., backbintdisposed@nfigf ﬁ@pﬁdlacﬂ@mgqﬁyér §30307 el IRGtpolEzME 3Py calfB¢  €xanpl e,
Figure 5 illustrates a schematic cross
disposed between the second polarizer layer 640 and the j-retarder 610. A reflecting
polarizer layer 640 can be disposed on the polarizing layer 630 or the first polarizing layer
20 630 can be disposed between the second polarizing layer 640 and the j-retarder 610. The
polarizer layer 630 may be an absorbing polarizer or a reflecting polarizer. If the first
polarizing layer 630 is an absorbing polarizer, then the second polarizing layer 640 can be
a reflecting polaﬁier layer.
The light modulator 550, 650 that supplies the light used to view the display
25 system 500, 600 includes, for example, a light source and a light guide, although other
lighting systems can be used. Although the light modulator 550, 650 depicted in Figure 5
and Figure 6 has a generally rectangular cross-section, light modulators 550, 650 can use
light guides with any suitable shape. For example, the light gnide can be wedge-shaped,
channeled, a pseudo-wedge guide, etc. The primary consideration is that the light guide be
30 capable of receiving light from the light source and emitting that light. As a result, the
light can include back reflectors (e.g., optional reflector), extraction mechanisms and other

components to achieve the desired functions.
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sectional view of one illustrative display system 500 including a |ight
nodul at or 550 di sposed on an optical conpensator stack 501 that includes a
j -retarder disposed on a first liquid crystal |ayer QZIQ? ret arder
510 i ncl ud@‘é&gool‘)avg'?s of simultaneous biaxially stretched po Syz-r(EQ'{r%lm('% %i1m
bei ng substantially non-absorbing and non-scattering for at |east 25 one
pol ari zation state of visible Iight The j-retarder 510 has x, y, and z
ort hogonal indic of refracti ast t f ot r nal
i ndi ces of refragf.%}?“%‘%“‘ﬁ% e"e'c‘ﬁu Pns é(hena lec F%H%ngﬁeq grP asﬁgfaé&bgeorbgg}%%o nm or
| ess and an abaahmgz&wﬂllaae)ﬁhhama)umihafefpit}mprdpemas diffecant ldyesisiog 50 um or
greater. The first |dcyst 0 inclJudes |jquid.cryst
Pnteriai | etinions ey B drvieey u tesp it S S Bl o pi at o
and t he I|keAdﬁgoﬂ;nghﬁmhw:@goﬁ@mth@ﬁl Steagk 501 may include a second
liquid crystal _éﬁlr 525 dj sposed on the j.-retarder 510 or tggzgj-retarder

s

510 can e di spo Hﬂ’é‘f‘(ﬁé’é‘ﬂ“@?ﬁé oEpEesyHNg ‘i‘ﬂ&‘m anpmberof diffesspbiyresof Mg t he
first |iqui dnﬁgﬁémted {@tx{@Bacﬁ%@meEEggla§ %{-‘fmslabwmgqh Gvi3! Rhese hfmdiRa2 004/ 072718
PCT/ US2004/ 002 | ayer an o-plate, an a-plate or the like. The
optical conpéwubde éhfﬁlsetra@!@t@if_e ﬁe@ldi M h@ﬁldmgcan@deﬂ@ﬁp@ﬁ’anﬂ, pagnatigyer 530

di sposed on a crystal

| ayer 520 Cag&%ﬁ%{@h&dgg&’%d@ﬁﬁ ¥ @L%Mb%ﬁéf}el%ﬁger aerliztcéllr3 g’b gtjf: géelhjﬂy
retarder 510 3Ml'die~hpmh aasldmN:ttoalyﬁﬂcoSMeﬁwjleueze@nlaabamojmmgbpuhmnﬁtzing or a

he. pol 4121 ABFAGRRE gk Pole s o sy ol B OG0B fosea

bet ween the k@ulreshidhds RQhadet whitdhldtay@y thdhik. and the first liquid crystal
| ayer 520. Figure 6 illustrates a schematic cross-sectional view of one

iITustrative di spFigyre Spd Fignresoblustiae angiopépabeamugpiatiod Hetkddimosgse adiedposed on
an opti cal CHBGARR etk AkaBPdboyd Qb Bitfesl ARHUAGSo oIS ShiclEhindkf 1!l sPosed
on a polarizer |ayer . e j-retarde 610 i'nclu s a layer of

si mul t aneous airsi miagdr iface and esecoeingjot faeraf athle&melmg ngapbertsémilardd that non-

absor bi a for.at | ea | ar.i of visible
l'ight. BF%e J- hﬁcgl{} 31? 8%@%[}%016 p)?lanzers arﬁ(?fn?? Elglél% arZL il “8‘2‘1‘31%0 refraction
wher e at | easiispbssd betfveddemilarror hﬁgmhabpticﬂ(tbmgﬁlsmtionrsei‘ckmtdemmhad gbavet equal ,
an in-plane ret arflanc i 100 _run or gs 15 d an abdi ute val ye of an

bei n
out-of -pl ane reta gg}aﬁ'GBSUfWHe%?‘e‘&P %R‘FP dngsvedihe adhsaigRAS at or

stack 601 mayhdaifiinthab oth@xcdgﬁgzﬁ AnSEGRARNY Rl H LEB%S. KaxRk trefilnRiisdeRe@y On the
first polarizing layer 630 or the first polarizing |ayer 630 can be
example, corona, flame, or plasma. Gases used in these surface treatments included

20 oxygen, nitrogen, noble gases (such as argon and helium), chiorine, ammonia, methane,
propane, and butane. Coating (e.g., chlorinated polyolefin, i.e., PYDC), chemical etching,
and hydrolysis freatments can also be used to enhance the adhesive properties of the
optical films.

Liquid crystal displays utilize a variety of optical films in the stack of layers

25 comprising the display. Two examples will be provided to help explain the nature of the
optical films used in displays, and how surface treatment of these films improves
performance and handling.

In a first example, a polarizer comprises an oriented PVA (polyvinyl alcohol) film,
which, at least in some embodiments, is stained with iodine to create the dichroism

‘ 30 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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di sposed between the second pol arizer |ayer 640 and the j-retarder 610. A
reflecting polarizer |ayer 640 can be di sposed on the polarizing | ayer 630
or the fingdpAlassgi ng | ayer 20 630 can be di sposed betpepusiohgoemond

pol ari zing | ayer 640 and the j-retarder 610. The polarizer |ayer 630 may be
an absorbing polarizer or a reflecting polarizer. If the first polarizing

| ayer 630 is an absorbing polarizer, then the second polarizing | ayer 640
can be a refkeatthagigeddand gé@hed PYRILs a mohilﬂllﬂldﬂfmér&h@ PVAS5Optichbily t hat
supplies the light used t V|em1%he dIS ¥ 25 §¥sten1500 600 j ncl udes,

for exanple CO‘EaIP‘inémeﬂ?BEﬂr cansey Clqhﬁﬁf’ &t aqyequn SO RiFal lqu“’ghtl ng
systens can g §af trehibd BaHERadshesoiitBh ko my@ttﬁé sufabbs phieProdgPi cted in

Figure 5 and Figure 6 has a generally rectangul ar cross-section, |ight
nmodul at or s SBENAHBEIER- use | i ght gui des vvlth any suitable shape For
exanples the |igpt..g ghﬂ{w Rsgikdo- wedge
gui de, 5etc The %rﬁnngllreg&go Qﬁ?ﬁgﬁ%gn I's t h g#ﬂ Q%lﬁ?rg Sﬁ@ 30 capabl e

of receivi ng’hb*aoglfapalf) maafultmenwrpghg the giemieg aaagbt céaamcttcmaugs dzfﬂ@qmdl okl . As a
result, the

’ k f £
exct ract i on” fBRINPEREC A M REPPEENRBHe e o bedenfepe PR aElarey ° )
functi ons. mm&&w&&&mﬁwﬁm}/ Wit 824 R ERY Byerd olﬁﬁdﬂhlrﬁrizm‘er Sentihgecamd

reflections, to, enaple ¢leani of the front surface, prevent . scratching

as wel | as tadhesiyes.| fagifdmsa %Pseé olhap e eﬁ?@&é?tmgé@femofm t#lépeweqaag}ers or

conbi Napi oNRfed PYACIIIAL theGRIbHRE f&'tﬁ@ﬂ%ﬁﬂeﬁﬁaﬁh%‘%ﬂﬁdﬁ&l siMRegat i on stacks
501, 601. Additional film may al so include touch conmponents. 5 To inprove

bri ght ness dlescabedeabaie. i Tdy ﬁi@ﬂmﬂeﬂéymmm@rdedIOflfr@‘ﬂémn adpguate letel of | ns may
be added to a These
[l oy ORRso A efein 18 SRt ifloqlibaifafuBah cho LA fifor

ant i - r ef | ectdcom, if ddenso atpghé siimtivecglass imerfice)rtiac avoiding exsansive asl tBEﬁxssoI d by 3M

flecti by 3Mor N Id by Nitt
Denko.  Vihen TFBINALGT 108 CRAFEI SRRSIGREPEPBEY | r ansm tting 10 and refl ect i ng

circul asly pol ar TEegrebdn@itbentidn @bcuafniBf6eSed atekidd c:fro@ﬁcal finay désoribbd | N5 are
requi red, such,as _a quarter wave plate and the I|ike. gure 5 and Figure 6

illustrate dﬁ@%‘ﬁ@%‘é@%ﬁ%ﬂ%@%@ﬁ%ﬁvﬂP’%‘ﬁﬁfs@at“%ﬂﬁ0 Y&QJ¥ES  nodul at or,
however as %Ieaﬁxﬁﬂmawag,fodnmha@m '?{%Qﬁﬂe% S AGH o?@ﬁtlclﬁ?ﬁllnﬁm nated to

a first mpjor face and a second ma or ace of a LCD panel a manner
sim!lar to tiwatoved the adhesion of said ﬁlms Novel surface treatments mclude for example,

corona, flame, or plasma. Gases used in these surface treatments included oxygen,

20 nitrogen, noble gases (such as argon and helium), chlorine, ammonia, methane, propane,
and butane.

The polymeric optical film described herein can be used with a variety of other

components and films that enbance or provide other properties to a liquid crystal display.
Such components and films include, for example, brightness enhancement films,

25 retardation plates including quarter-wave plates and films, multilayer or
continuous/disperse phase reflective polarizers, metallized back reflectors, prismatic back
reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and

holographic back reflectors.
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15 whi ch conventional dichroic polarizers are |amnated. Thus, an LCD panel
may be di sposed between simlar or different optical conpensation stacks as
descri bed ghove. 1t was found that the surface treatnent %ﬁ@%&ﬁ&}ﬁ&i | ms

i mproved t NP HAHES Bh of these films to other optical fil rialiy used
in LCDs. Surface treatnents include, for exanple, corona, flane, or

pl asma. Gases used in these surface treatnents included 20 oxygen, nitrogen,
nobl e gases (such as argon and heli uM?#gﬁl ne, anmoni a, mnethane,

propane, and butane. Coating (e.g., ed polyolefin, i.e., PVDQ),

chem cal et cBkagple Aand hydrol ysis treatnents can al so be used to enhance the
adhesi ve propertigs of the. optical filnms. Liquid crystal displays,utilize a
variety of optica lﬁ‘?"laf?ﬁpeilﬂuﬁt[ﬁ@séf‘?&?décfrwwggn tf;m?:%’rsr%ﬁ)ﬂaé(i’ oFFEedi spl ay.
Two exanpl es piyprbpPeicHiAdEM A1) Briéxaioal N t he nature of the optical
films used in |ﬁgl ays, .and how surface treatnment of these filns ipnproves

perfor mehce and HahemppRiymerpolyprapylene dingAdire commseially ayaijabledigm p&ftieq

ori ented PVA i i i : j i mrents,
s ota ned wPrR e beab el 0ol pldoct Wk Eovoton HABR ckifhsBATR) ARAE TP

pol ari ze |i ghquipring e fant web casta@ thickiessedd 2PMmiczomaters.e Ehaest webrhat lae

envi r onnent i it ot i bLAB. . parrier
films are of tla éé%genoggﬁ'lgt#@i% %??Rpé% élf'élt\té%%? ‘f’A‘gé,n Qrge;]agdl rﬁ%t J}ﬁal .Ié“riﬁléa[lg(%alglgg to adhere
the TAC fi | mealtriméthe Thedilweyae prehd:AeddD120D0brd3y CFNiBs Rl /aBGPHedd @6Rg06 faces

of the ien nd stained PVA.s al utjon jncl udi wat er d PVA
opt i ona% y %ﬁtg{t gti“?‘ﬁs SERHEReRysy Io?méﬁcg?iﬁ é‘ﬁlesl'lﬂ(gr‘]? wﬁ“g?éggrﬁﬁln alftﬁ:gﬁt@eous
sol utions, typiabiyof 160 dedés EdiLiib. IFplIbHRALAGhtMhthA fi6AWSS Esoleaabdt i on to
hydrol yze the surfaces prior to the |am nation process. 5 In another

exanpl e, comyEMSERIRAL 135 dygrepsturtiuasthafrgl Himibigineanyes Frmriomgas. Phot o,
Japan) useful in tﬁ%@wg{agioﬁ D&w GO O_@?agiz&smgpégéu%mhgmﬁém Bingi d
u er o a

crystal displays inc e a nu er ent yers, such as a substrate,
an al i gnment Leabdr900apectipbMogicerthe angmission weding vps .6h%h ] ) pidce lof the film

lati I ti I i . ti. d i .. TAC fil
crcepeu Rt ot N o Rl BBl g PR EER oD E PR L™
stai ned PVA afifimag. Themiiihairtahenikaon witletha kingeiiladeayss 0.15¢9) HenbEorigr

simlar to that , descri bed above, TAC fi|nms are often _hydrqll ¥zed in order to
provi de an ad]&m]ag@m gausmigston of a sample film between crossed polanizers will be referred to

as depolarization. The polarizer was then rotated by 90 degrees at align its transmission
axis parallel to that of the analyzer. The ratio of the intensity of the parallel polarizers to
20 the:intensity of crossed polarizers, henceforth known as the contrast ratio '(CR), was 500:1.

Shrinkage values in both the MD and TD were measured by suspending a film in
an oven at 85 degrees Celsius for 1000 hours. The results for Example A were 3% in the
MD and 1% in the TD.

Creep resistance for both the TD and MD was measured at 100 degrees Celsius for

25 1 minute under a load of 1 To/linear inch (180 gm/linear cm). The MD and TD creep were
both 3.6%.

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

v 30 (Aow) 1s 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 Ay of 265 nm.

21



adhesion. A certain level of adhesion is required to assure that, should
adhesive failure occur, it does so at the adhesive:glass interface, thus
avoi di ng ewpeosioreriand tedi ous renoval of filns during poeusgbi/enads rewor k
process. 15 The present invention docunents inproved adhesi on of opti cal
films described herein without conplex and potentially expensive primner
coatings or hydrolysis treatnents. It was found that a variety of surface
treatments for a range of optical filns inproved the adhesion of said
films. Novel_ surface treatnents include, for exanple, corona, flane, or

pl asna. Casdg®MEd i n these surface treatments included oxygen, 20 nitrogen,
nobl e gases (suchxasplél gRBtraach fetdstift} makihf Of idtalanadrinilaned®lybarally pr opane,
and but ane. The c{)ol yneric ([%El;t_li cal film.described herejn can be_used with a
variety of PABRpRYER (4m 3t ynpquasbigHalorighptinTdhat Showst gwprayed Grerel
properties tpnfig dfddiigvgrAstal display. Such conponents and filns include,
for exanple, bri‘ghtness enhancenent filns, 25 ret ardation plates including
quarter-wave pl abe¥mayad madp irsa manrer pindlgrtp thot deserdhedimbrampld Aspéh g phase

reflective p ! [ r i i

refl ectors, eg%eﬂlh%%@her %?ﬁt‘g%:dt #V%\Sglq}gggké?ré%%?ﬁ%l?sﬁﬁn@ %&@@&g&%?g’lﬁs&% ric back
refl ectors, mindmeteel dhe &mpipentiyecik vasdhlseeationsof tROeME 2 idvIAZ MD and

PCT/ US2004/ 06 EXAMPLES. A This exanple illustrates a nethod for
maki ng si rru?ﬁ%é‘ffﬁ%t}o? aﬁilﬁgﬁéﬁ F%}ﬂ‘gﬂ’éﬂ’f’ed pol ypropyl ene filmwith equal

bi axi aljgorientation. 5 A honopol ymer pol ypropyl ene (Fina 3376, comrercially
available from Atofina, Deer Park, TX) was nelt extruded and cast using
conventionalTa8 extrusion and casting equipment. The fil mwas cast a

t hi ckness of ' T eI Sqndt as O Tag Rl RIS Brdly A Ninity
of approxi mately O%Cig\IA en rrbaggrtg DY g?eﬁ?err ential scg/%nlgrr\é(é]%L gg?orﬁnrtry.
The filmwas prehe tmeﬂC)l?&omte@C)aeech@é("@l)dszqm:(‘ﬁl)a f antispee¢d saiot i ng of 10

80% It was YeousHy—preptet~0t+rgs—tathevb-aned—F0O—t+reg in the
TD at a tenmp Xt urle of 160 degmes Oelkiéﬁus. Foﬁlsowi ng ofientlation, tthe film
was cool ed o Bx] tenperst urp ofjsd35[deqiees [Celmous.| The §1nal Tigim
t hi ckness s 25 nilcrometers

Ex2 159 152 140 169 7.5 8

Ex3 159 152 135 169 7.5 8

Ex4 159 152 135 169 7.5 8

Ex5 159 152 135 - 169 7.5 8

Ex6 178 160 130 135 7.35 7

Other properties of Example 1 are shown in Table 2.
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The transm ssion between crossed pol arizers was neasured using a Perkin
El mer Lanbda 900 spectophotoneter, the transm ssion reading was 0.015% A

pi ece of trl? £l was then juxtaposed to the anal yzer i.ng.the

pi ece of fi W@ﬁwv};he transm ssion was a mni mum The nl’%f’ﬂ%@n}’{’@ﬁ@m ssion
with the sanple in place was 0.15% Henceforth, the m ninumtransm ssion of
a sanple filmbetween crossed polarizers will be referred to as

depol ari zat i ngle]z'he pol ari zer was then rotated by 90 degrees at align its
transm ssion "axis parallel to that of the analyzer. The ratio of the

intensity of the pafrs&flel |polarizerp to 20 the intehsey lof crogssed
gﬁl firikzers, Ih -Qrﬁlfl@r';) h:’ﬁn?\lf]ﬁbpﬁﬁizattibxg ggﬁtrasftsma\ti or&sﬁgﬂc@ wag,, 5001al, ol
ri nkage val ues inj bo e an wer e _nmeasur suspending.a;jfilmin
an oven at 85| degr ees ¢ sj us'\{gbr 1000 h u&sD. ﬁe rﬁgsul}fPs f(g"r% E:)(g’?f‘(])l e A were
3%in the M) akd 1p0in the TDSCreppd¥ksi st ance |f 86 héth t B& TD26hd; MD was
measured at 100gdegrees Cel ST GSsT 0T %P1 4 M Nuge [UNdéf a J ogel aof 1&s 1 p/linear
inch (180 gm H-pear he MD_andl TD-cr r bot-h—3i-6%- i-n-pl ane

DU

cm—The MD_andl-TD 2epwere—both—3--6%-An—in
retardance wap asur ezf usj ng 6?‘Sl\lat dridi’ In';t [ Greint s RPAZOO(BE.j The® Ln-pI ane
retardance (A, E$ was B0 nm THeé i nt pbddne| and| 6at|- of - pl ane i8dijce&l o

refraction B ATERSUTET UST TGz o VEGEJR O Modgk [20107 Prisi e Caupkgr| The
out - of - pl ane tardance 30t (AQ"¢c) i-5-the Ibroduct lof the thickngss tifres the
di fference bet wE€n t he -aver agd%efracti®e] index |in the thickndss difection
(z direction)|ang the average refragctive | ndek 3 n| tilse| pt ape - off the tilm
Exanpl e A had—anmJ3Ao0*—t3 2651 um 21 Wo2604/ 072718 PCTUS20041 002, 506
Exanple 1 Exanple 1 illustrates a process for naking an unbal anced

si mul t aneous||A| iidd&i.diveiy averngednbadt fradt)l 50 apylf evleatbng TOwi t h unequal bi axi al
orientation that shows inproved thermal 5 stability and a lower A ,,. A

filmwas made in a manner simlar to that described in Exanple A, with the
excepti of t hgxampls@agl 3web was 1000 microneters thick. The final film

t hi ckness was 15 _mcroneters. The tenperatures in_various_sections of the
tenter along w t hE¥#@len3 aidd werpmadei ammanpy sipifas tq Exampde | pitle fhisicgceptige| ow. 10

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

10 Ai» - A:’u
w
and depolarization. Examples 2 and 3 also exhibit a higher out-of-plane retardance and

significantly lower in-plane retardance.

Example 4

15 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.

20 The addition of a clarifying agent reduced depolarization to 0.03% from 0.05% in
Example 3.
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Table 1 Exanple Preheat Stretch Zone Anneal MD Draw TD Draw zone (C) zone
(C Cool (O zone (C) ratioratio ExA 178 160 135 135 7 7 Exl 159 152 169
169 7.5 8wdxdidoP8l52 140 169 7.5 8 Ex3 159 152 135 lG6ctiuszodooksed 159 152
135 169 7.5 8 Ex5 159 152 135 169 7.5 8 Ex6 178 160 130 135 7.35 7 O her
properties of Exanple i are shown in Table 2. 22 WO 2004/ 072718

PCT/ US2004/ 002506 Table 2 Y7 -A ; %reep Exanple W Depol ari zation CR %
Shri nk remgkﬁﬁgl@@] 1A0 , I (nmm (% MD TD MD TD (nnm) (nm ExA - 0.15
500:1 31 3.6 3.6 20 265 ExI 23 0.15 500:1 1 0.5 - - 30 165 Ex2 15 0.05
1540:1 1 0.5 - Wpieai)ﬂlums}‘? efteei! esinping temngraye in thegprebegt seelion ofy . 02

3600:1 1 0. g, ten'ter8 TS Qxargﬁiéwas Hadd3n gﬁﬁgne} sumTar fo Example Xt the excep‘hog 1.8 - -

- An j and 1Aou,l were averaged over east 150 cm of web along ID. 5
Exanpl es 2 ﬁmdthepeh%aﬁmrawraweb ®cwe&eé bmcmg\ﬂﬁ frrespecst to kA IFaiﬂmpb SExanpl e 1

W tht hse exgﬁ%l eﬁq r%cm:%é %ﬁgﬁu%Elgg %SO$O3Q'/O ggrlntol d%@smcﬂxtm%gleéga-rab le 1. The final

filmtHh cknéss heters nples 2 and 3
denonstrate that tenter tenperatures inpacts 10 Y117

Example 6
Example 6 illustrates a means to improve creep resistance. This example was
made in a manner similar to Example 1, with the exception that the cooling and annealing
10 temperature were slightly reduced and the orientation was unbalanced. An additional
process step was added to Example 6 whereby the film was orientated in the MD by an
additional 5% in the post-stretch zone. Example 6 exhibited a 50% reduction in the MD

creep resistance relative to Example A.

15 Example 7
Examples 7-16 describe improved adhesion of optical films using surface
treatment of optical films. Surface treatment may include, for example, corona, flame,
and/or plasma. Gases used for these surface treatments include oxygen nitrogen, noble
gases, chilorine, ammonia, methane, propane, and butane. The use of coatings, chemical
20 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 ¥em® with a relative humidity (RH) of around 25%;
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;
(¢)  N;corona at 1.0 J/em® where all of the nitrogen corona treatments throughout the
examples have an oxygen concentration in the corona of less than 10 ppm;

30 (d) Control (no treatment).
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W and depol ari zation. Exanples 2 and 3 al so exhibit a higher out-of-plane
retardance and significantly |ower in-plane retardance. Exanple 4 15

Exanple 4 i trat the effect of adding a clarifying aqu:]r}}] hacszexanpl e
was nade |‘+1$g‘§)f‘r{2%z€ simlar to Exanple 3, with the excep |o§120tﬂ6a0?°dr%esi n
containing a clarifying agent or nucleating agent, Atofina 3289MZ was added
at a concentration of 25% The resulting concentration of clarifying or
nucl eati ng a@&H{leQr Exanple 4 was 1000 ppm 20 The addition of a
clarifying agent reduced depol arization to 0.03%from0.05%in Exanple 3.
23 WD 2004/ 07271 8x@anle 892@oh¢sedimosing Biempt eurbiceheanpe cBemistigs tinagt es t he
effect of 1 GUEINGASTPELALIL # 1 BRIERERL S RE N lirrob AGHEARRRE . Thi S
exanpl e was nade 1Tnh a nanner simlar 1o Exanpfae . W Re exception that
t he preheat Exempler 8tahnel ¥Bsarelésented edathysphedapiesgrd lasnfactreasyme perfoomd %

Exampl e_5 5 exhi hi.ted.a reduced d | ar,i.zati on .03% from0.05%in
Exan 053, R decPstEa B b R g Hykdin ot S P 0o
resi stance. FiampleeX@NBtse: stmBard GBGRa fyPe RediBOR ithS dififdradt ch@nikkanpl e 1, with

the exception that the cooling and annealing 10 tenperature were slightly
reduced and ®he &P1Etati oR*Mad lhbdanced. An additional process step was

added to Exa@pl e ghoyires ebyriReafiid mafas orientated in the MD by an
additional 5% in the post-stretch zone. Exanple 6 exhibited a 50% reduction
in the MD dFeepPui%st anchh/NE} altZifdécreo Exanpl e A. 15 Exanpl e 7 Exanpl es
7-16 dggcribe inproved adhesion of optical filnms using surface treatment of
optical filnms. Surface treatnent may include, for exanple, corona, flane,
and/ or pl asnéxanfpde®s used for these surface treatnments include oxygen

ni trogen, noble .gases,. chlorin i t e, ..propane d butane. The
use of coatings, E%ﬁ‘@ﬂ@cgaq%scigesesﬁlﬁh‘?eg%aﬁhWn@rlgﬁ]&%%&(sr é?“ﬂ@ﬁ?‘gmﬁw%} al so be
used to enhansec, bhe7@WBRTbME] RitlPPRFliEe3] 10f(available from Vantico AG, Basel,

Switzerland) using MEK as the solvent to form Examples 9a, 9b, 9¢, and 9d. The

15 thickness of the dried Staralign Jayer was 50 nm. The Staralign material was then exposed
to polarized UV light using an OptoAlign (available from Elsicon, Inc., Newark,
Delaware) to provide a dose of 15 mJ/cm® with an incidence angle of 45 degrees.

The Staralign coated films were then scored with razors prior to laminating with an
adhesive tape, which was subsequently removed. The Adhesion Tape Test was performed

20 consistent with ASTM D3359. Where poor adhesion of the Staralign coating to the
polypropylene film may exist, the tape removes the alignment material. The subsequently
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

25 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
' 30 order of decreasing quality, the relative performance of the surface treatments was: 9¢, 9b,
and 9a. The control film (Example film 9d) exhibited the worst performance of any of the

substrates.
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the optical filns. Exanple 7 is a 16 m croneter pol ypropylene filmwas nade
in a manner simlar to Exanple 3 and treated using a variety of gaseous
surface cheghalfohess (a) Air corona at 0.15 J/cn2 with apeBUSDVE2MGM dity
(RH) of around 25% 25 (b) Flane treatnent using a | am nar, prem xed 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 Wcm,
and a burner-to- Ehwlrimngmptm‘bilﬂtﬁwamlsc(as)esmﬁbg(bmninailmmelL@Pdaﬁamﬂ ‘wher e aII of

the nitrogen coro tnents ft t.he an o
concentrat i @ﬁ%ﬂ?p?%ée élg}at %Eas%?’n g %‘&#{ﬁ%}aﬁﬁlﬁ] QS%F%)“%O altut

treatnment). a240 W@w%@@él/sﬁ? andl) deerbed SAL0AIB0 RED fespder el aﬁreﬁicaﬂfﬁde 8
describes a fil t ate surface treat t chemstries. a manner
simlar to BX% Ig%m?it@f?#] T PHIPETE fo FRpGHLfEean n&ﬂ%‘&f%%‘%ﬂ‘@&?’?&%‘ &nt

chemi stgi es. the@ﬁ%@&&bﬁoﬁ%e%£)9&9@QQ%QEP&bEd as atnospheric-pressure
pl asma treatment performed 5 using the Pl asma3- brand hardware devel oped by

Ener con Industrl es of MIwaukee. Exanple 8(c) uses a standard corona type
t r eat ment n%kgid‘ferent chem stry. (a) 88% 12% He/ N2 at 0.5 J/cnR, (b)
8%12%He/ 1.0 J/cn2 (c) 99% 1% N2/NH3 at 2.6 J/cnR2. 10 Exanple 9
Exanpl e 9 descri Bzsmsladf dcsembeseamadtréatéd"powptdpyle@ﬁhmauﬁui@é’ coaia@pl e filnmns

7a, 7b, 7c,_and. 7 ed W th i gn 0 a|I rom Vanti co
AC Basel | TP A AR FoURR G wekcoReT vih Santtn AT RSP RS on ob,
9c, ando9d. shbRqdeatty bcba‘fdﬁﬁﬁﬁﬁL@&f inta1Qarfed il Pt@EBRdnh Jgéwltcaﬁbﬁﬁﬂm pled1gam The
Starallgn mat eri al._was then ex osed to olarized WV | ight usling an

Opt 0Al i gn ( a\PRi 341 P Tespertively s T ppel forre be elxpropytenefilaaed LCE 1% ovi de a

dose of 15 mEiagRRs\d Mowhd 106 WARNGEN e?fﬂﬂld%o%fzhﬁc'ﬁ 6 fas tdsid 1§ta?r[aﬁhér9“
coated filns were then scored with razors prior t amnating with an

adhesi ve t apwnsigigrt sithibIM B3¥uent |y renoved. The Adhesion Tape Test was
per f or med

15 Example 11
Example 11 describes laminates of surface treated polypropylene film and oriented
PVA. Surface treated films Examples 7a, 7b, 7¢, and 7d were laminated to an oriented
and iodine stained PVA film to form Examples 11a, 11b, 11c, and 11d, respectively.
In all cases, the oriented and stained PVA actually comprised two films, the PVA
20 and a hydrolyzed TAC layer adhered using a solution comprising 66.5%/27.9%/5.6%
MeOH/water/AIRVOL PVA Grade 205 (available from Air Products and Chemicals Inc.,
Allentown, PA, USA). The designation, “oriented and stained PVA,” is intended to help
clarify the major face to which additional laminations are performed.
The adhesive used to laminate Examples 7a, 7b, 7c, and 7d to the oriented and
25 stained PVA comprised a solution containing 66.5%/27.9%/5.6% MeOH/water/AIRVOL
PVA Grade 205. Following lamination, all samples were autoclaved at 60 degrees Celsius
for 1 hour at 1 atmosphere 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
30 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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20 consistent with ASTM D3359. Were poor adhesion of the Staralign coating
to the pol ypropylene filmnmay exist, the tape renoves the alignnent
material. The subsequently coated liquid crystal polymner WOl

exhi bi t ran‘HBﬁ\"‘éW% frent . " The sanpl es were then coated wi Fhﬁﬁgg‘@%’g‘%t
percent solids mxture in MEK conprising Paliocolor LC242 (henceforth
referred to sinply as LCP and avail able from 25 BASF AG Ludw gshafen,
Germany) with 1.26 weight percent Darocur 1173 (available from G ba, Basel,
Switzerland). The coating was then dried at 80 degrees Celsius and cured
wth a LTV Iamamleﬂzoo per cent power in an anaerobic atnosphere. The coated

7aq) ons whr ¢t ho NS BCOTARS PRUBTe  ROYA AN P aNE A apT Broned, e’ 30

order of decrrasi m@fawﬁéanddmm& ERarmslelal 916 3p.ahfl 9 RRRCiembihtel icarsdtichRd e
treatnments was: 9¢, 9b, and 9a.. The control film Ex le film9d) exhibited

the worst perdhdiodingsiamsa P filgy inageanner suilar i1 Beam eshigrry P #H g

PCT/ US2004/ O%Q@Ie 15@“!1&1& %@&Ind% ﬁé’klﬁ'ilﬁﬁ’to%ﬁnﬁlk%ﬁ%essed by I'am nating the
LCP coated pol ypropylene filmto glass and then placing the glass in two
ovens with tenperatures set at 80 degrees Cel sius and 60 degrees

Cel si us/ 90% R, ol %ecti vely. Failure occurred when filns delam nated after
exposure to tenp grature and huni dity. In decreasing order, 5 the relative
order of perf or naﬁtxanpia% deéscribed lsurfRa freatedipdyhropyiorenpikrted BV Elamiphted 00

i e 820 o, St OB AL PP o B Ryiens 146 of Ao i 1S Gea “and

10 subs equentmgycomahedea\utm]/d;@ The RsuMaRtefacsitiFhled firh, Al ke iig, whsti@nf Or m
Exanpl es 10a, | ob, ~and 10c respectlvel ... The Qpa)eel f or ce_bet ween

pol ypr opy! endaminpisd En3pker 3o transies apficabadpesive (rymlabls drompiokgp hergigali ar ound
50 oz/i nch (56R:beMCASLESRbAT ¢ T ERABRIImASSIRLPRls Ul RASTY DB330. 15

Exanpl e 11 Exanple 11 descri | am nat e surface treated pol ypropyl ene
filmand ori emecsaf glmsgae fcgunrlixawletﬁlmalﬁed fi I rrs Exanpl es 7a, 7b, 7c, and 7d
were | anjcnated to i i Y/ f anpl es
ere largnat ed L0130, 8% RGY! Githe 880 DO esfh P D8RR dr bt R T

was measured to be 22 oz/inch (250 ga’cm)

Example 14
Example 14 describes corona treatment of LCP coated polypropylene. The major
20 face of Example film 9¢c comprising LCP was surface treated to form Example films 14a,

14b, and 14c. The various surface treatments were:

a N, corona at 0.5 J/cmz;
b. N, corona at 1.0 J/cm®;
C. N, corona at 2.0 J/em?;

25 d. Contro! (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
v 30 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/om) of width for



In all cases, the oriented and stained PVA actually conprised two filns, the
PVA 20 and a hydrolyzed TAC | ayer adhered using a solution conprising

66. 5% 27. SVH 2002 M OH wat er/ Al RVOL PVA G ade 205 (avai | ebtresioooonzfier
Products and Chemicals Inc., Allentown, PA USA). The designation,
"oriented and stained PVA," is intended to help clarify the major face to
whi ch additional |amnations are perforned. The adhesive used to | am nate

Exanpl es 7a,Exfhple flm 180end’th éAinth @205 cRNEBRidaNTE: BRensiiefingd SEMAbGREPr | sed a
sol ution containing 66.5% 27. 9% 5. 6% McOH wat er/ AlRVOL PVA G ade 205.

Fol | owi ng | drf-nation, all sanpl es were autocl aved at 60 degrees Celsius for
1 hour at 1 at m)sphere of pressure in an air atnosphere. The lam nate filmns
were then environnentally aged at 65 degrees Cel sius/90%H, and the peel
forces were Exampledl6 n a manner consistent with ASTM D3330. The peel 30

forces re: <o0. « . h (170
g/cm fgf Exanp e‘%ﬁél}} 'i'@?is&?lbe% rg@t{eﬁ%P}L%%gﬂ S(fgw p@&&%x'arrp}} %dll#%’l 1 Ib,
and 22 oz/ i radher¢db@lasgy/ExagnpleofilnEX dapibe abd I $o wasltben 12ﬁiﬂd‘®dﬁ0ﬂ4ds@§iﬁ§l8

PCT/ US2004/ e 12 Exanpl. S e face
treated pol &%ﬁ%{@%%ﬁgﬁa BARRPES m‘ i?%h%fﬁlﬁcé‘ rgé‘ﬁ?"gga[%l I r‘?‘iﬁ’l es 8a,
8b, 8c, and fddnEivegladithRak@dvdsOinal c¥ks, @ftakel thab ﬂi&ﬂﬂly}pﬂ%«’l&ﬁe/ﬁ’f/ﬁhﬁl@ﬂao@VA film
in a manner simlar to Exanple 11. Peel forces_for le 12 filnms were

found to be sini Idf 6‘%"691‘5@%&# gther qpfiea] filres, suckag RREE (i‘@ll@lﬁﬁﬁméwl@descr i bes
surfacqptr eqiaﬁldl\/ﬂ@tlkptﬁ QIWILI@B@S (9%‘11@1% 88mMRMAo DRALY) FIp8E) daR be g‘lglllglllf?.ﬁqf acel N€

opposite mmjor face conprising polypropylene fil mof Exanple f 11 ¢ was
N2 corona t rtesateddnd adhered toorionted Ehéstpined®YAnt surface treated film designed
13a, was then |am nated to Soken 2263, a transfer optical adhesive

(avail abl e from Soken Chem cal & Engineering Co., Ltd, Japan), to form
Exanpl e fi | nixbiiple 1#hi ch was then adhered to a piece of glass to form

FOUTERATIEEIEL A NN MRS S N
Exanpl §514  piaxially onented polyester film with unequal biaxial orientation that shows improved
thermal stability and a lower A, The purpose of choosing PET is to illustrate the method
of making a j-retarder from a semi-crystalline material, whose physical state is amorphous
prior to stretching,
A piece of substantially amorphous polyethylene terephthalate (PET) cast web was
20 oriented using a Karo IV (available from Briickner 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
25 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 |Agy] was 456 nm.

30 Examples 18
Examples 18 was oriented in a 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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Exanpl e 14 describes corona treatnent of LCP coated pol ypropyl ene. The maj or
20 face of Exanple film9c conprising LCP was surface treated to form
Exanple filns 14a 14b, and 14c. The various surface treatnments were: a. N2
corona at OY@2WPEAFIS 1\ N2 corona at 1.0 J/cm@; c. N2 c%?gﬁgmgf/ B 31 cne;
25 d. Control (sane as Exanple film1llc). Exanple 15 Exanple 15 descri bes
corona treated "LCP coated pol ypropyl ene" lamnated to PVA Exanple filns
14 were lam nated to oriented and iodine stained PVA in a manner = 30 simlar
to that descrebdd:l Fhethizkees of theifal Wi as,SarisToEets s i ¥8%8-7 1 B, anflddoul and
15d. Peel forgessgre neasured. The results were < 0.9 oz/inch (9.8 g/cm of
width for 27 WO 20041072718 PCT/ US2004/ 002506 Exanple film 15d and 19

0z/i nch (220 Egamoply 13 showisdhhsehaitivigxefmplimizing thedrag gonditins aagnthe imsertangdefnpl e 16

5 Exanple 16 i " I ene": PVA

| am nate ad ﬁgrglz%hpggd;q%‘g gg &E%g%r%}%g%ggp ké‘\l&:fg@%%g%%?gﬁ&%gg "was then

| am nat efl t 0o gl asThamsesgt inSokien sRREBnchbhaskidesd limited toethe pezticuddrekdnaplest 0 t hat
descri bed in Exa 13. Th el,.forc of, adhesi.ve/ gl ass,interface was, in
o1 cases,  oRENTIA Al triATEET B CR prEr BRI AT B e’ Siipé RYSHRRAE: oned
that other omiitlgad ofid ih Wi att8eieh cREnDOBRNo(AMaditicdibss, bqavaleivbrodtssesl & waul , MN
USA) and Nipocs (available from N tto Denko, Japan) can be simlarly surface

treated and AEREREENsSHueiuTes it Which e et Aventivymayibe appiceble wilkhe readily’ 17
illustrates r Is k waxi al |y
oriented pol 3812%%1?9%}1{)%0&9}@& “Sﬁ‘ggﬁé‘?'@@‘?ﬂéﬁifg%’? ?ﬁ%@@ggﬁlﬁlﬁaﬂt&pgﬂw npr oved
t her mal 18t abidf theynssamtispgcifiostom. A; ,, . The purpose of choosing PET is to
illustrate the method of making a j-retarder froma sem -crystalline

materi al, whose physical state is anorphous prior to stretching. A piece of
substantial |l y anor phous pol yethyl ene terephthal ate (PET) cast web was
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20 oriented using a Karo IV (avail able from Bruckner Mschi nenbau, GrbH,

Si egsdorf, Germany). The di nensions of the starting cast web were 125
mllineters by 125 nmillinmeters and whose thickness was 99 nmicroneters. The
PET cast web was sinultaneously oriented in a first direction and a second
di rection %Q&hgﬁ?_r ees Celcius at a speed of 15% per second. The final
draw ratio irst direction was 4.4:1. The final 25 draw ratio of the
second direction was. 4 S:Wj‘Ke The. t hi ckness of the final filmwas 4

m cronet ersl- A pBERLGE} SRHCORNSEaneousl y ori ented PET filmwas cut from

the center of a @ﬁrsfﬁ%MEgstﬁ§é{-rﬁl& he optical properties. As,, was 1.6 nm
and 1A ,,tl was 456 n 30 Exanpies 18 Exanpl es 18 was oriented in a manner

simlar to Exdypdprelafderalispeged anithe iquiditrystallayery whdreindlie jtdetarder conprities ect i on
was 4.7:1 and the fingl,draw ratiaq af . the, second directjan 8 VWO

2004/ 072718 PCTRIRIOI TP ey Rayally W@ﬁ‘&_@ﬁ?‘eﬁ%ﬁﬁgbﬂ?g FReRA 111 m
was 3 m Cromteréon-éﬁsopbiﬂ%dg’mﬁ%cd&@}in%gbg at Bast bne YA%i2én %%-of@éﬂﬂ@f" e 18

shows the sensitivity of "optimzing t draw condi tions and the 1 nportance
of an unbal anc elightlyamd having &hy.emé zwolthoghnal indidesayftréfeatiopwhereint at emstavoa

j-retarder. 5 The, present i.nventian should not be considered |imted to the
particul ar exarrp"l’ft-}'g"3 OMBP?IBECEOQBEVQWW?F Q?Wgﬁsmrﬁmﬁéemﬁww to
cover all aspect fofm hPRsd dhiGRtb&NB Yalul &f &d oit-28 1a99}etaraaﬁcFlseiﬁ%m}ﬁe&

clainms. Various nodifications, equivalent procesSes, as we S numer ous
structures to whgrestet he present invention may be applicable will be readily
apparent to those of skill in the at to which the present invention is
directed upon review 10 of the instant specification. 29 WE CLAIM 1. An
optical stagk c A S0 iha L Ok Mﬁé :

j -retarder %I spgglé%dpgllrc\ﬂ%ﬁagkla%%]oﬁ?%g Eﬁ?#aﬁ%fgé; ﬁ%@eﬁ%ﬁ?e@ﬁ%%sa@der
conpri ses luyerewhereio ¢ joetarder rtkisposeddictinden the first liquid-drgstaldagey amt the fi | m bei ng
substantiallﬁsy n-absorpbi ng and non-scattering for at |east one

pol ari zatio CQ‘E‘{;@@“@?"W 2sibie

3. The optical stack according to claim 1, further comprising a polarizer layer
wherein the first liquid crystal layer is disposed between the j-retarder and the polarizer

layer.

4 The optical stack according to claim 3, wherein the polarizer layer is an absorbing

polarizer layer.

5. The optical stack according 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 an
extruded 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

30



l'ight; and having x, y, and z orthogonal indices of refraction wherein at
| east two of the orthogonal indices of refraction are not equal, an

i n-plane retardance being 100 nmor |ess and an absolute val ue of an

out - of - pl ane retardance being 55 rimor greater. 2. The optical stack
according to claim1l1, further conprising a second liquid crystal |ayer
wherein the j-retarder is disposed between the first liquid crystal |ayer

and the second liquid crystal lLayer. 3. The optical stack accordipg to

clai m', furt neroriaspral SifeS Bl vshRdmans gt kg hikrofnr FeHebce e 10D qui ¢

crystal |ayer | SufloSRAsad NabWan ville of af Gk dfhe AMAIARE bRGE BS ey | aver .
rein the pola

4. The optical stack according to claim3, Izer layer is an
absor bi ng pol argrester. | ayer. 5. The optical stack according to claim4,
further conprising a reflective polarizer |ayer wherein the absorbing

pol ari zer layer is disposed between the first liquid crystal |ayer and the
refl ective pol ar : R A oS AV ari zer
| ayer; and -E) a ?&f&gp&@ﬁﬁa&kg&g%ﬁ%@ Ol’ll fdﬁga%j%ﬁ;tpigger 1*6311/2@?1‘ 1s\iz\ﬁ)ealr3%rlﬁr}9% he

j -retarder gdapet ger.an extruded sinultaneous biaxially stretched polyneric
filmbeing substantially non- absorbing and non-scattering for at |east one
pol ari zation state of visible light; and having x, y, and z orthogonal

i ndi ces of gefr j WELELL ofdind B 4imidhefin B8 vt i.ndi ces of
refraction %re ﬁﬁé@gﬁal, alﬁ&lon- p# anegnrnet’ar gll’lllctiel Be%rﬁ%l%glggﬁ?né%érﬁﬂ%ss and
an absol ut epolatia¢elagér. an out - of - pl ane retardance being 55 nmor greater. 7.
The optical stack according to claim®6, wherein the polarizer |ayer is an
absorbing polarizer layer. 8. The optical stack according to claim®6,
wher ei n t hegpol ez(%q] 1Lk 24 fh8atd Reh Ay A -Jhe opti cal
stack accor%ﬁ ngaﬂo I 3% mya'g, a#u?t {r%éc%]?rlp’;fl SI ﬁé&ﬁﬂr(gﬁ%‘g&?ﬁ’nghﬁgﬁlﬁ%&z}er | ayer
wher ei n t helagdrsaticbdin thembbabing @olatizgréayet & dispsspd betivder j-reterder andehiear der and t he

reflecting pelarizer layer.

10. A liguid crystal display comprising:

a) a first liquid crystal layer;

b) alight modulating device; and

¢) aj-retarder disposed between the first liquid crystal layer and the light modulating
device; wherein the j-retarder comprises an extruded 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 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.

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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reflecting polarizer layer. 10. A liquid crystal display conprising: a) a
first liquid crystal layer; b) a light nodul ating device; and c) aj-retarder
di sposed between the first liquid crystal |ayer and the |ight nodul ating
device; wherein the j-retarder conprises an extruded simultaneous biaxially
stretched polyneric filmbeing substantially non-absorbi ng and
non-scattering for at |east one polarization state of visible light; and
having x, y, and z orthogonal indices of refraction wherein at |east two of
the orthogonal indices of refraction are not equal, an in-plane retardance
bei ng 100 nyq or ; ; -0l dance
bei ng 55 ruir?'or %ﬁg@&:&%@&%@l #{sﬁgi:ﬁglt%%a/lg? gzl’%g}e% ?353@8%?3?’%;5?% claim
10, furt herabsorprg milargenlagacond |iquid crystal |ayer di sposed between the
j-retarder and |light nodul ati ng device. 12. The liquid crystal display
according to claim10, further conprising a polarizer |ayer wherein the
first liquiggcry 3 i I t [ : ~J.he
pol ari zes | gdiier ?l&e?k%@é‘r?ﬁgl qqslp;ﬂl 9%?1% '?(gf'] I ?ﬁl@%%@?ﬁuﬁ a{;[eg@%wtgi m 12,
wher ei n t hepgiadizer layer whagiethd ebserbingpolededrilaygr palisposaidretweaendlie firktlliquidie | i qui d
crystal display accor(gli ng o..cl @i m 13, further conprising a reflective

pol ari zer |&yepl largaed thegeflecibs8¥8i ng pol ari zer 1 ayer is di sposed between
the first liquid crystal |layer and the reflective layer. 15. Aliquid
crystal display conprising a) a polarizer layer; b) a light nodul ating

devi ce; andlf) aAjlignidicaystiddisdlagpoapdsibet ween the pol ari zer |layer and the

| i ght nodul at i@yg d(gvi,ce' wherein the j-retarder conprises an extruded

si mul t aneous ¥ &P PIF%?rLaﬁ’F‘étched pol yolefin filmbeing substantially

non- absor bi ng : = : LG at | east one polarization state of
visible |ight ;bﬁgﬁgé}ﬁgb@%%%x?%ﬁ&én z orthogonal indices of refraction
wherein at | ea¥ta j-setarddr dispesedibetvegnitelpolaniderdeyer afid the flightahodulatingdevicd; equal |

an i n-plane retardance bei ng, 100 nmor | es d an absol ute val ye_of an
P W ergm the j-retagder comprises anextru%iec? Qunu?tan‘ uaﬁy stre’tclflcd

€ous biaxi
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 liguid 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.

19.  The optical stack according to claim 1, wherein the simultaneous biaxially
stretched polymer film comprises polyolefin.
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out - of - pl ane retardance being 55 umor greater. 16. The |liquid crystal

di splay according to claim15, wherein the polarizer layer is an absorbing
pol ari zer 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 claim16, further conprising a reflecting

pol ari zer | ayer wherein the absorbing polarizer |ayer is disposed between
the reflecting polarizer |layer and the j-retarder. 19. The optical stack
according to claim1l1, wherein the sinultaneous biaxially stretched polyner
fi1mconprizes Palyphicl ek sbeordthe tﬂﬁirﬂ@%ﬁé&im%ﬁ@s‘iﬂﬁuﬁ&ﬁ&ﬁ@ié&ﬂﬁgﬂ claim1,
wherein the sinul'taneous biaxially stretched polynmer filmconprises a
cryst al | i zatrewhedmpdyrhéerdilm @mpriftse opitalizdtios tredifieaccor di ng to cl ai m 6,
wherein the sinultaneous biaxially stretched polyner filmconprises

pol yol efin. 22. The optical stack according to claim®6, wherein the

si mul t aneous bi apglald; ﬁ&g@&&ﬂaﬁg gja%/rﬁrgr gg-%mﬁh'ﬁﬁ erystal lization
nodi fier. . Tﬁi’eh'efé (iéuﬁlltsﬂ crysta J?sp ay"g%go]r Ing to cﬁlés?%&é%lﬁ} wherein the
si mul t aneoustretchédpalphénfilst coatpriseschofyelefier fil m conpri ses pol yol efin. 24. The
liquid crystal display according to claim 10, wherein the sinultaneous

bi axially stretched polynmer filmconprises a crystallization nodifier. 25.

The 11 041 d 58Uyt ogli b AEGOAHRYILA bl e yiIRAEHI tileas) il L aneous

biaxially stretc ymer conprises a crystallization ifier. 33
stretched polymer film comprises a crystallization modifier.

23, The liquid crystal display according to claim 10, wherein the simultaneous

biaxially stretched polymer film comprises polyolefin.

24.  The liquid crystal display according to claim 10, wherein the simultaneous
biaxially stretched polymer film comprises a crystallization modifier.

25.  The liquid crystal display according to claim 15, wherein the simultaneous
biaxially stretched polymer film comprises a crystallization modifier.
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