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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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The Generally, the present invention relates to polymeric optical film useful for a
variety of applications including, for example, optical compensators for displays, such as
20 liquid crystal displays, as well as the displays and other devices containing the optical
compensators.
In one embodiment, an optical film includes a layer of simultaneous biaxially
stretched polyolefin film that is substantially non-absorbing and non-scattering for at least
one polarization state of visible light. The layer has x, y, and z orthogonal indices of
25 refraction where at least two of the orthogonal indices of refraction are not equal. The
layer has an in-plane retardance of 100 nm or less and an absolute value of an out-of-plane
retardance of 55 nm or greater.
In a further embodiment, an optical film includes a layer of simultaneous biaxially
stretched polymer film that is substantially non-absorbing and non-scattering for at least
30 one polarization state of visible light. The layer has x, y, and z orthogonal indices of
refraction where at least two of the orthogonal indices of refraction are not equal. The

layer has an in-plane retardance of 100 nm or less and an absolute value of an out-of-plane
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15
Brief Description of the Drawings
The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:
20 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
25 according to the present invention;
FIG. 4 is a schematic cross-sectional view of an optical compensator stack
according to the present invention;
FIG. 5 1s a schematic cross-sectional view of a liquid crystal display according to
the present invention; and |
30 FIG. 6 is a schematic cross-sectional view of a liquid crystal display according to

the present invention.



30 FIG 6 is a schematic cross-sectional view of a liquid crystal display
according to the present invention. 3 WO 2004/072701 PCT/ US2004/ 002416
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and will be described in detail. It should be understood, however, that the
intention is not tolimt the invention to the particul ar enbodi nents
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bel ow. 15 For the follow ng defined terns, these definitions shall be
applied, unless a different definition is given in the clains or elsewhere
inthis specification. A "c-plat a‘)etdaﬁa(n@sﬂ idi refringent optical elenent,
such as, for exanple pl ate_oar pri nﬁl ple opti ﬁ%ﬁ axi s (often

referred to as tFh‘?WM%GPE‘?%QW"QNBfeﬁem@ﬂ%’élf’%ﬁthe fyed in ks peHerbledPar to the
sel ect ggl Suwzﬁe@yeopéppﬁéasoﬁ%ecﬁeé V\%&ﬁ%%mﬁhﬁn B{cwaﬁiggfo? ez&@@bbmi axi s

corresponds to the axis al ong the biref ingent optical elenent has an
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exarrpl e of ac-p stemil

ny # n,, when eppne;c;atmy of mnﬂumspeatseoftﬂhnanvandomwﬂlhﬁganmﬂ nl&omgharﬂlscaﬂ;smngnft he x, vy,
and z axes, res ive e optical anisotropy is defined as An. = n. -
nx. 25 For ﬁlﬁ’r 8‘2&@ ]i’)rfw‘é‘? ity, An. will be reported as its absol ute

val ue. 1#An " 0- pl aF& theRNOVAE defirleld ek, thge B findtiink Gl Hela ﬁ?lﬁﬁ’dﬁunl@bl@h as, for
exanple, a plate or_ film, having_ its principle optical axis tilted with
respect to tHErEhA¢HEonds g‘f’ﬁb‘“é‘i‘ﬁ‘ﬂ%‘&F or @’reéﬁl?féﬁqtm ﬂ%@rﬁp‘?‘a ¢Atigke” denotes a

birefringent opt joal g @ERsa bHefhglRt ophiQl 16t ATRuEh a2 £l eRirfEplQa 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
20 optical axis corresponds to the axis along which the birefringent optical element 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, n, = ny # n,, where n,, ny, and n, are the indices of refraction o
along the x, y, and z axes, respectively. The optical anisotropy is defined as Any =n, - n,. J
25 For purposes of simplicity, Anx will be reported as its absolute value.
An "o-plate” denotes a birefringent optical element, such as, for example, a plate or
film, having its principle optical axis tilted with respect to the surface of the optical
element.
An "a-plate” denotes a birefringent opticai element, such as, for example, a plate or
30 film, having its principle optical axis within the x-y plane of the optical element.
Positively birefringent a-plates can be fabricated using, for example, uniaxially stretched

films of polymers such as, for example, polyvinyl alcohol, polynorbornene or



30 film having its principle optical axis within the x-y plane of the
optical element. Positively birefringent a-plates can be fabricated using,
for exanpl Iy stretched filns of polynmers suc npl e,
pol yvi nyl §$’§ﬁgﬁéh§olynorbornene or 4 WO 20041072701 P@fﬁa§3004fggg416
pol ycarbonate, or uniaxially aligned filns of nematic positive optical

ani sotropy LCP materials. hbgatively bi refringent a-plates can be forned
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20 .. The term "polarization" refers fo 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 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

25 the beam of light rotates in a systematic manner.

The term “biaxially stretched” refers to a film that has been stretched in two
different directions, a first direction and a second direction, in the plane of the film.

The term “simultaneously biaxially stretched” refers to a film in which at least a
portion of stretching in each of the two directions is performed simultaneously.

30 The terms “orient,” “draw,” and “stretch” are used interchangeably throughout this
disclosure, as are the terms “oriented,” “drawn,” and “stretched” and the terms

“orienting,” “drawing,” and “stretching”.



The term "sinmul taneously biaxially stretched" refers to a filmin which at
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i nt erchangeably throughout this disclosure, as are the terns "oriented,"”
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"stretching". 5 WD 2004/ 072701 PCT/ US2004/ 002416 The term "retardati on or
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20 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,
optionally polarized light.
The term “substantially non-scattering” refers to the level of collimated or nearly
25 collimated incident light that is transmitted through the optical element, being at least 80
percent transmissive for at least one polarization state of visible light within a cone angle
of less than 30 degrees.
The term “j-retarder” refers to a film or sheet that is substantially non-absorbing
and non-scattering for at least one polarization state of visible light, where at least two of
30 the three orthogonal indices of refraction are unequal, and where the in-plane retardation is
no more than 100 nm and the absolute value of the out-of plane retardation is at least 50

nm.
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are rounded to the nearest significant figure. Weight percent, percent by
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el ght of the conyalirsancaca by Fel & el ISR R B Y | o

ranges by endfwiathe convehttation ofd dubstantb es the selghtiofsbiat sditance divided bather ange
(e.g.1to 5 includes 1. 1. 2, 2,75 .3, 80, 4, and 5). As used in this
speci ficati oWelgiﬁtc???lﬁemH‘BBséﬁ%%aErfuai?pﬁ’ﬁflg}f F‘l@‘si ngul ar fornms "a", "an", and

“the" include pl urelredigfied shiufmetictll £Hgesttyendpviitentiudéseiiruyhbeis Ghtatmsd
ot herwi se. Thus, for exan‘&l e, . reference tq a_co 8Si tion containing "a
& ot o.‘n%

conpount?" i n¥fiygdhat angs (edy nefides L des hgr e & 7€ 5)As used in this

speci fication andsdhed fPRRRER A 4 thelapBerldd Hhinfd! the &é@@ BaRneRal
enployed in its sense including "and/or" unless the confent clearly dictates

ot herwi se. Fhgliithe” inqludepbirgl aeferents ynlgseitke wppentgisariydictaies atheryyisscThusi 195 t he

optical el emgp, - di : i al: AR
correspond to ée’\l;ﬁ?%t&ﬁ;egé]%gqmegﬁgfﬂﬁgw %nﬂ}e{gdag(}/s %g‘&d én@u‘#ﬁg%}xﬁ% se
typi cal |y al ongotkehemphindk nésssed i thistspapificationt dnd tlehi appéralpd cliimiss the Germdiovent i on
w Il be, used.throughou nl ess ot.herwi se stated. In the i st em of
F gur o 14 L ine et Qitiovedr B ot Bad® e hf sonpne See SRR o
surface 102 eofheddi®e. Optical elenment 100 and may correspond to wi dth and
| ength directions_of a _square or rectangular _surface. The z axis is
per pendi cul ar to Yigwe 1ilyshptesa axiscstemdornuse mdssibing the,prfical eleygents.

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

20 . 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 fo 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.

25 A variety of materials and methods can be used to make the optical film elements
described herein. For example, the optical film may include a layer of simultaneous
biaxially stretched polymeric film being substantially non-absorbing and non-scattering
for at least one polarization state of visible light; and having x, v, and z orthogonal indices
of refraction wherein at least two of the orthogonal indices of refraction are not equal, an

30 in-plane retardance being 100 nm or less and an absolute value of an out-of-plane

retardance being 50 nm or greater.



t hi ckness direction of the optical elenment. 25 A variety of materials and
nmet hods can be used to nmake the optical filmelenents described herein. For
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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
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retardance hei ess, _and an ol ute val aut - of - pl ane
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further il ysideadermg f@EPRA RO olarizaBorOfith 5ﬁhs1f>1elhrghtrraw hatilgudle, and bayer of

si mul t aneous biaxially stretched_polyneric filmbeing substantially

non- absor bi ﬁ’@“c‘&%ﬂ mdises elagrachion W&enewrat topst e ot the, gthaggnal indices phistragtione of
visiblelig @éqgmhﬁ:vl ¥ retdrdai®B Beifg 160 A BORAANA R dhGRTe Phud dthfi g@l | On
wherein at [east two of e orthogona% I ndices of refraction 5 are not
equal , an inf—lpjhmetardencarbdalacﬁé npeerregeak®0 nm or | ess and an absol ute val ue of
an out- of-pl ane, r ef nce .bein t PRlyeriL material
capabl e of being @ i’(ﬂq rgat nal %hg‘lgom %g}égg*"%mh#%dp%stfsclzngltﬁepr operties
descri bed hepttalprégestics d&tcﬁlmi lamﬁl areAomemplead. Alpattiahly;tmg of thesesgpopadeyarer s

i ncl ude, for anpl e, pol yol efjn, oI acryl ates sters, polycarbonates,
10 f1 uor opoF‘S?ﬁﬂé?’rs}p Flﬁé}/q?ﬁ'qig{ » PYfeac at%%@y?ﬂﬂr%ﬁgwgy e combined to form
the pod ynemhropiHrh&idhnd the Mke. ROAYRSé Polihéh baese doibiRd PR thecyclic ol efin

pol ynmers such as, for exanple pol ystyrene, norbonene and the |ike;

pol ypr opyl eﬁ%lymﬁilﬂ‘ipé‘t: )ﬁh@ne pol ybutyl ene; polypentylene; and the |like. A
specific pol ybutydaies:d 19&1 x&ée e &eﬁp@'{rﬁég&ﬁ RyaeRpi! ene is

pol y(4- nmet hyl -1 -peﬁ?ene I h X yheri cicmat eria JegCI’IE dryher ]|¥n can be
capabl e of polystimue, aowpmsmaaaddnhmhl@rp@mpmxysnowethymermﬂ)émty&ne The pol yneric

u'c:

material descri d her Y aIe f.orm crystalline
Tt o al . | ROSPERIPRLRE I A B e B ARNAR Fr ik B GRLa Bod TLY e, For

exanpl &5 p@blyﬁ@tymmljz(ermmhqieateﬁe) Ohe pawéxeirhytbﬂalaembmmdlmaa) The
E(r)I ymeri c m tearpllg ?g descrci t;%gl her ei n c%n be c a&&aﬁ of form r;%n
yst al | i ne PBfaPaRifPL{opming 3 cpysiallingor ggmizgrystayf ROLyRETS 1} escri bed
herein may atAbdddereAlRl fsdbe dapivR élg‘oﬁmﬂg)@n&f W§itdlihd MBteridrat €ri al .
In a further illustrative embodiment, a polyester can include, for example,
poly{ethylene terephthalate) or poly(ethylene naphthalate). The polymeric material
20 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
matetial.
Polyacrylate includes, for example, acrylates, methacrylates and the like.
Examples of specific polyacrylates include poly(methyl methacrylate), and poly(butyl
25 methacrylate).
Fluoropolymer specifically includes, but is not limited to, poly(vinylidene
fluoride).
The in-plane retardance of the polymeric optical film may be 100 nm or less or 0
nm to 100 nm. The in-plane retardance of the polymeric optical film may be 20 nm or less
30 or 0 nm to 20 nm. The in-plane retardance of the polymeric optical film may be 20 nm to
50 nm. The in-plane retardance of the polymeric optical film may be 50 nm to 100 nm.



Pol yacryl ate includes, for exanple, acrylates, nethacrylates and the |iKke.
Exanpl es of specific polyacrylates include pol y(nethyl nethacrylate), and

pol y(but yl ] crylate). Fluoropolymer specifically,] : ut s
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be 20 nm to 50 r e feher MR R diroe R Rty Ore PGS cal 11 m
maybe 50 nm dpfical @fin MRy be 85 WO 2024 /00T 2403 3Pah, U852 800 %Idncd of the f ur t her

il lustrative enbodi nent, the i n-mge retardance of the palyneric -optical

Filmmay be mbymarcoptigab§lm may bps blegs on(rm e 0 1. SheerlatersitlanGe of the

pol ymeri ¢ opfigAlolfrdri®pRY BEn REy BES®Emk&ESSmmOr 0 nmto 50 nm The in-plane
retardance of t'he polyneric optical filmmy be 50 nmto 8 nm 5 The

absol ut é val ue ofThe pesobuie vabfe-of (tteernat-pEplaneatgiardencsiof theeopmrepisepticsl pni cal film
be 50 ri h
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out - of - pl ane ymeric optic m nmaybe nm or
greater or T7stanlmtecofiB30HIynmric optial Alns mhybe7vah vegoited dvé Samrt todDOPphane

retardance of, the . pol ymeric opti.cal fil nma e 100 .run ar.,greater .or 100
5000w BRaERE b B SBtargfne ainge e oymsrs wled iR 1080 (o
pol ymeri ¢ opfh 6akredtéd dP108MmIRE 1 00T IR abgI@a v alle @Irthel@ﬁ-dﬂ-ﬁlah@relﬁ@ﬁlcélﬂﬂ In a
further illustrative enbodi nment, the absolute val ue of the out-of-plane

retardaffce ot polemprs Srtissl mapay ke d PO pm arerpalpr ol Bamim18P0 BPeat er, up to 1000
run. The absol ut a\f%ﬁgﬁilﬁﬁtrattit«}@exﬁbﬁdixﬁ@ﬁt,%é‘%olﬁf%tlvg%g%Pﬁﬁ 0911;-1oft-ﬂ1 ePOl ymeri

optical filmmay be rim or greater, up to m. The "absol ute val ue
of "t he out - ofetapdaneeofited palyiuericeptifal filve mas bp o) ymrer greatepvp twl 000inm They be 225
urn or great Q Q um . The ahbsol | ue .of .t out -.of sl ane
retardance o s?]ﬁ%eégﬁ%f?y %rg‘%iogt %F Ialmg (W%E ?qc%%?rglf’/%@ﬁ gla‘f)épruﬁ%ﬂgrrn n&‘l?ye% 2eofa,nmup to
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of 7 mcroneters to 75 microneters. The polyneric opti cal
1000 nm.
The polymeric optical film can have a thickness (z direction) of 3 micrometers or
greater. The polymeric optical film can have a thickness (z direction) of 3 micrometers to
20 200 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.
i 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
25 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
polymeric optical film can have a thickness (z direction) of 30 micrometers to 40
micrometers. The polymeric optical film can have a thickness (z direction) of 1
micrometer to 10 micrometers. The polymeric optical film can have a thickness (z
30 direction) of 1 micrometer to 5 micrometers.

Hlustrative embodiments of polymeric optical film include a film having a

thickness from 15 micrometers to 40 micrometers, an in-place retardance of 85 nm or less,



filmcan have a thickness (z direction) of 10 mcroneters to 50 m croneters.
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vt ng'a ¢ hiREEERD s o ae, BrsP R aRes o 107 ot st <Aam fclpience
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20 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
polymeric optical film can have a length and width of at least 1.3 meters. The polymeric
25 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
retardance is substantially uniform across the length and width of the polymeric optical
film. The phrase “retardance is substantially uniform across the length and width of the
polymeric optical film” refers to retardance (both in-plane and out-of-plane) changing less
30 than 4 nm/cm, or 2 nm/cm or 1 nm/cm along the width and/or length and width of the
layer of biaxially stretched polymer film. One quantitative measure of uniformity is
defined as,

10



20 or greater. Another enbodinent includes a polyneric optical filmhaving a
thi ckness from 15 mcroneters to 20 mcroneters, an in-place retardance of
20 rimor Jess, and an absolute value of an out-of-plan of 100
nm or gr eé?’érzf’d”l“ﬂ’embol yneric optical filmcan have a | eng(fﬁf%ggoégj\;aé}gf% of at
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as, 10 20 : 4. . . : .gver a wdth
TR Ll L s U e R A R

m ni mum i n- plgemts; npet-periides, ond. thedhke. nunber of additi onal additives may
optionally be a .10.t | ymer . formn he.optical film A partial
listing of addi tg\%ﬁﬂmgﬁg}cﬂﬁggf?r %/%mplg, Wé%%g%s’ HEFOPT HSPE s si ng ai ds,
crystal | i zatdgeits,dalisb®Ers, anddighd dtdbilizsrs. Ptdctdsgiallly inchgiefosexanple)- parti cl es,
and the like. Stabilizers include, for exanple, anti -,oxa;;{gant S, anti-ozone
agents, anti lubrcgpts cextrugRn s, bw%%rlﬁeqné,elea*mffaﬂwﬁ?% ilizers. Processing
ai ds ingl ude, forcexAMAtion moditibls kit Stor ée&ﬁlw?umryﬁiﬁ%m@mb@w@gent s, and
el ectrostatic pinning aids. 10 Crystalli zation nodifiers include, for

exanpl e, cl a¥eRti Arystalission modifienaif auedusips “hegen insthe biayisllw piretdwd i on nodifiers

aid in reduc] " ~al bt t 13Xl @l oai [Na]=Ts} m%gpapj QRfelSRl fil m
Crystalli zat#dgﬁnendg%ﬁaé?g&c%ﬁsﬁéﬁﬁogsrgaﬁ%&?{l&gnyﬁaﬁ%ﬁnt f eog?l vebttg% to reduce
"haze", suchredgee “haze”, evchrapl for exatplep b prn BOVIHO0 ppper 400 HEOtopiHMH006 prAdO, 000
ppm or 100 t S m_ o 5]25 0,000 ppm 15 The range or
solid cone o?rq@ggﬁ?g%%glfag%\ﬁﬁ%o %5 |Pé’§1 @gﬁb%@%g?u pul at ed dependi ng

15 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
purposes) to a narrower range of angles than is normally associated with an
20 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
25 nearly isotropic in-plane retardance. TAC typically exhibits an out-of-plane retardance
(absolute value) from 30 nm to 120 nm or more. The exact level of retardance will depend
upon the film thickness, polymer comonomer coniposition and the optional use of
additives to vary the indices of refraction.
The simultaneous biaxiaily stretched polymeric optical film of the invention may
30 provide a wide range of properties that are different from TAC, such as, for example:

lower dispersion of the refractive index; higher levels of out-of-plane retardation for any

11



upon the exact nature of the application. For exanple, in sone enbodi nents,
it is desirable to have a |large solid angle of acceptable view ng. In other
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view ng (for exanple, for privacy purposes) to a narrower range of angles
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These t eChnipfidfs jidd¢ boifiRertd spstlel HlA Gvith tﬂé;;w_ esfahd Biritfited dbdotiBld MoteCt i on and
stretching the polyner filmin a second direction different than the first
di rect ton f 8elvingdc eptiselflmdiianjally syetshaddn & ragesisl pammer, e.of ptratehingthe Blast a

portion of t Falop ' 1 | ously with
the stret Ch?ﬁgﬁéﬂﬁﬁg{%@?ﬁﬁé%g@ﬁﬁ%& g;f%%&?ﬁeéctﬂ% F%%%%?&ng%h&ggﬁyner iC
optical fil direution(TP)empy ofier prodse polgmertic opiticaltfidm withs patchye'cr gbmevally nabt enpt s to

bi axi al | etch I Lc fidm.i Lal failed
or aduge | dedngi el PREEs b ibted PR SER PR A B e Thut o

descri bed aldiwtgion imparts a greater influence on the optical properties and attributes of the biaxially

20 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
problems associated with sequentially biaxially stretched polymeric optical film in

25 addition to issues unique to simultaneously biaxially stretched polymeric opticeﬂ film.
Simultaneously biaxially stretched polymeric optical film does not produce polymeric
optical film with “patchy” optical properties and attributes. In addition, by employing a
simultaneously biaxially stretching process, improvements in film dimensional stability
and reduced thickness variability is realized over a sequential biaxial stretching process.

30 The process described herein produces polymeric optical films with the properties and

attributes of the present invention.
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15 Polyneric optical filmbiaxially stretched in a sequential manner, i.e.,
stretching the filmin a first machine direction (MD) followed by stretching
the filmin a second transverse direction (TD), may oft Yl | ynmeric
optical fihAHY2Obatchy" or generally non- uniform opt ?ggpgggo/g@r"ﬁ)es and
attributes. It has been observed that the final stretch direction inparts a
greater influence on the optical properties and attributes of the biaxially

20 stretched pol yweri¢..opti.cal. fi ' ' ] w
optical axis s e ARRAEdms b SREPord AP UDRENL B0 B RBRahEY (o
process haveprbasd efdhd invertioduTee tpatbymerberf thepypecdiscldsed el & Bdierit Ne. pr operti es

and attri but the present iLnventio Si ymul . eousl| i axi a stretched
pol ymeri c opf’ﬁscl;l;zsf &F?ﬁgrsﬂpp?rﬁmﬁ g@ mgﬁ;ﬁ%s agﬁmtts igruralﬁ)%%q%éwxggéb%irﬁlk L'%OIW th
sequenti al | ywhitie aﬁb?n &ipk 21 @rlifﬂdlepa{pyml?lﬁﬁ@ Tt drivah caﬁljslzlmaiferﬁlms?&ﬁtead_cii t : 0 P It 0

I ssues unique to sinultaneous]y hiaxially stretched polynmeric optica ilm
Si mul t areousichemprtisatngs R?X%Stf?aé't‘%jhgﬁ vﬂg\e%@ﬁl@gol@g@?@g lﬁ?ﬁtanfiéﬂlﬁgmﬁ@tnyﬁF oduce

pol ymeric opichatesl BliReh bdirs of BhiedMblipORt driCAdival @i ahdrk 8% ABdr AblhidlBut es. In
addi tion, by ‘enpl oyi ng.ﬁa si mul t aneousl y bi akially stretching process,

i npr overent sclipa 24.i Aariliisates thereanayshediyp idleryelipgifbatwenncach paw oflehpsE ona
variability j. | } i al hi.axial thi ss. 30 The
b ocoss desctTBUETORE Sk Y hos 30 SAUGHL bl g MoP et E o0 PERES
properties aditctiat indichiad bythe rroWpatpreamdntf thewagn Simoiterly] ghother 2008412701

PCT/ US2004/ 002416, .Figure,2 illustrates, a chematic .view of a tenter
appar at ﬁ)s f OQ£WFF9? ﬁgﬁﬁﬁlo?%%’oﬁtr%%séeg?%&ﬂ i‘ﬁgl tﬁ%@fé%ﬁ?%’ﬁl.dmﬁiﬁgbll gﬁtagpwﬁay be of
the type di sedths&ds bfthbrall. TRatkyst22ND holdbth® Bilm 28des addprops! filaRdfigthys 10

i ncludes a first side rai

| 12 and a secqond side rail 14 _on .whic he driven
clips 22 and9iesfien shopmby tl?frﬁwoeé?heﬁﬁgeﬂ?%&ﬁeﬁfrbﬁtﬁge &Z‘_ﬁs #ée Faiﬂﬁﬁg’_t]ga d>5
schemat i cal | yiiR92boKeRaFAERKSIh 26X Thekiihs@hdnBrubti168g Bé bRSIALAIE 18E Rilk td Mst r at ed
schematically as open boxes. Between pairs of driven clips 22 on a given

rail, there &¥tenesn thy tepterie grip thercastavep pospropel itAbropgh the fanter.edor (A @l may be

two idl cli I | . ' L L. 0pe set
of ol i pE 22, G s URETLEARD (b BlepBinc i B8 ofiid8 Br o i AL KB bt B

di rection i nfiemdtipue By Theetretched idma0 exiting tha dkmiap nay fhe woand up B hitdrar | y,

anot her set of cl.ips 22, 10 204 trave bn a closed | oop about the second
rail 14 in tR’ém%ﬁSnggWSShori“ﬁ%’i Sé’f%cassﬁéﬁ]fthg‘ arrows at the ends of the rail.
The clips 22, 24 Tl ghljrhe chii bevasrdtes shertlfoph Pplepdre b MeB Guitablel fhestretbhingCt | on
shown by the arrow at the center of the film_ At the ends of the rails 12,
14, the  cli faryeatshe qpapsd dm dpseabed baye ohe palymer ak be tashby sedingrddyBslg t he

out si dex@f t h&in'ifo e fold hdpBer 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
berein. The extruded web may be quenched, reheated and fed to the clips 22, 24 on the

25 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.

The rails 12, 14 pass through three sections: preheat section 16; stretch section 18;

and post-stretch treatment section 20. In the preheat section 16, the film is heated to
within an appropriate temperature range to allow a significant amount of stretching

30 without breaking. The three functional sections 16, 18, and 20 may be broken down
further into zones. For example, in one embodiment of the tenter, the preheat section 16

includes zones Z1, Z2, and Z3, the stretch section 18 includes zones 74, Z5, and 76, and
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entrance of the tenter to grip the cast web to propel it through the tenter.
(For clarity of 15 illustration, the clips returning to the entrance on the
out si de ofwa bw4mzi7ls have been omtted from Figure 2.) PURUR00ZHEd film
26 exiting the tenter may be wound up for later processing or use, or nay
be processed further. The polyner can be cast into a sheet formto prepare a
web suitable for stretching to arrive at the optical filmdescribed above.
The pol yner themystiseetchassctidn 2 wadinplydpmings et 28 20dZ8s iliis hndegstodishdtded hopper of

a single scr t W, . O her . . on t vi ng an
ext ruder ba’fr’rr%iééfmt’\7‘3\/|}Q%tf;|nh’t§l gé S5 %?g@%gc&og% 1%;d5 a?%mgfr%%l g%&éaggr %%%bﬁ%ggsﬁ%%geneous
nmelt. The pdluytraeed. Farthdrewihih thedaekch bcterghs, thedie@ramdivesoDirectiany ot ati ng cool ed

nmetal casting wheel.. e ' en hiaxially stretched accqrding to the
process desﬁ?rﬁf?é‘a‘ﬁ Oﬁéﬁelﬁq'&f%i%%% R I%rFQ PB%*’“g %E?gd‘?ayﬁjgheat ed and
fed to ghe Eérfcﬂﬁec?ﬁ,the?ﬁn@%r hafidentizohids! Fancta@pleOmib 4ndi TS stdefch chéh gy be
propell ed through the tenter apparatus _10. The optional heating and the

gri ppi ng by OtHeMERY gae, o ordhrepplthe gengk Lo oamif 2 dBrthen oug sammoas@elisi y.  The
rails 12, 14y HaS8ay REGURRE e SfhesS BF b PHEin ISR BRL1IRE Ghd ARrdHihe SiHLT Ch

section 18; and post-stretch treatment section 20. In the preheat section
16, the fil il irthemeidier eomponentiof siretgh maymcowrin moee themererdiscttestemriipe to al | ow

a significa P i bl(lgfa!fl ) t hrae

functi onal gieagﬁjlﬁ%@ i%FCh%%}ﬁ%%gylggﬂarg@Zth&génn Gt gt??%ﬂlg?gilﬂrﬁ%b zones.

For ex@hpl e, in Soee sweivholp irethe MID addie Tlembeslso ddeer jprtkdy@eiieasectionon 16

i ncludes zones ZI .. 72 and 73, the stretch sectjon 18 includes zones 74, Z5,

and 26, and PSRKS Gttt lfﬂé?m%em 1665234 tﬂ@ﬂSBafsﬂ»-Séffff@P%ﬂla§ecti on

20 may i ncl yelgn HORESZZ.7Strekéhingdhsl BQtindelinth SoneKiRdTEpaM. Shaichinperaypr eheat ,

stretch, and post-treatnent sections rrgg each include fewer or nore zones
et30

than ill usf‘?“"&?"éﬁl@F@fﬁhﬁé?l}es\%ﬁ?flﬂowstzﬁ Fé&bch section 18, the TD .
(Transverse Diregfd Mbunt SRR tHéMﬁxﬁ%FEéthiﬁéreﬁthﬁ‘an'\tPe é&/&ﬁ!ﬂbf‘&re@h{ngc“ on)

conponent of stretch may be 5 perforned i'n the sane or in different zones.
For exanpl ein heTBndhyBngunt of sitetchiehn tha VD oeg be up tp HiYy oniide or {36 ereatethr ee of
the zones Z , n Qm . N ur
before the o aﬁ@,”@%ﬁ%&“ﬁ@%ﬁ%ﬁgﬂg ](;]?'e fﬁe o@ ﬂ%{r}hg%%m \?Eegrijﬁap %Z%O@E'gr.
Still furthéth oeli%er 5¢6pavetitn dic astortof stratayngia ther MDn Sogrsiniglyathisone

di screte step. For ..,ex I stretch ma cur, i 4 .and wi t hout any
MD stretch o@'lbﬁgf‘?eﬂgﬂf%%%eﬁw?% ‘ﬁgﬁﬂﬁé)%%*ﬁ ‘fvﬁhf%ééﬁfﬂﬁﬁ’n%}ztgw D may al so
occur in thelapsfkedihcgection or post-stretch treatnent section. For

exanple, in the enbodinment illustrated, stretching may ) .
20 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
amount of relaxation in either or both the TD and MD may occur in the post-treatment
25 section 20. Relaxation here refers to a convergence of the rails in the TD and/or a
convergence of the driven clips on each rail in the MD, or simply the reduction of stress
on the film in the TD and/or MD.
Biaxial stretching of films is sensitive to many process conditions, including but
not limited to the composition of the polymer or resin, film casting and quenching
30 parameters, the time-temperature history while preheating the film prior to stretching, the
stretching temperature used, the stretch profile used, and the rates of stretching. With the
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begin in zone Z3. Stretching may continue into zone Z7 or beyond. Stretching
may: resune in any of the zones after zones Z3, Z5, or Z6. The anount of
stretching in t may be different than the anmount of 15 in
the TD. Tﬁ‘é’oazr?wﬁp f stretching in the MD nay be up to fgﬁzl%?&)g@%éﬁr 50%
greater than the amount of stretching in the TD. The anpunt of stretching
in the TD may be up to 10%or 25% or 50% greater t han t he anmount of

stretching i risi.n bal apnced" st hlng hel ps to
provi de the b(‘fB?iﬂ%%‘il\{E‘? feF?lh’\% eﬁm%%ﬂg?f%qi tﬁ/a i o‘PuS?anrY 0”1 kee?eet ardance. 20
Thet film mtaﬁpakfae}tamggldb&ﬁh filisia gihg tl'hdesgmﬂtopﬁd‘aliﬂrbpﬁﬁés méeharam?r&ﬁcs \Il\ﬂ It hi s
section, e fi my at.a desire erature while no
significant stret® %mg(gg@ﬁpgaxmﬁy]atget 68??%}@%13?? e@“f@‘g? PEHEPCs a heat
set or anneednset@ﬂ@trdmmghﬁtwra@n BeR€lod ps THé%@M% dahae mmaecrdohe@wﬁfcht he final
film such as_dimensional stability anount of relaxation in

ei ther &r boelkrtagooing spkstantinthethe e&%w@ﬂhortmomwe‘?srf@ﬂ e se2eRoTa@E 2§ on 20.

Rel axati on hgfige fiigf Bfodgh Qxe%elﬁ%\bﬁfoﬂ%@%?ﬂﬁfﬁlﬂlhguﬁaﬁblhélkf;[)ﬁné BsoihP and/or a
convergence of the driven clips on each rail in or sinpl the

reducti on of imsmedidely aften thersretthingrong heneceT fpuad dy rpram. ungfpesifyaaf ipleat c hi ng of

films is S?ﬁ%%a%da}éf‘e cffﬁ)gﬁg-l;é}ég ﬁ%t?c%?ﬁlﬁsmg%ﬁﬂflﬁﬁﬁi anl SIELMAS H}?ﬁtcoolc?ﬁé mh} M ted to

t he conposi resin m ca I'ng an uen ng 30
par anet ers, bdeotideiehytfervpdaiatanvectionst ory whil e preheating the filmprior to
stretch1 ng, the nper at rofil e used, and

h d
the ratids of stré{léﬁi i II%‘F%“(PI‘? an %r u%gﬁjﬁﬁt%a’?%%g@%&ﬂ Eﬁ@ﬂeoﬁ‘ﬁm

benefits of alkteuatxﬁaclm)n}gnhmm”m-plmeﬁfdaﬁw | As ilinstiated imthe Beotplagibelod, any or

all of these araneters a d obt a | B haV| t he sired.opti cal
properties a'F%I‘E T RS FQ0P 0Q }nﬁém"‘?‘ikfétcé’c?@ﬂ the stgc Woﬂ?gl)ﬁcé?qsfl@ 4908l hed

optical fil MIBYBabhbdfRehiicteridafdd Qiekﬁ)&@scd%?eﬁrﬁius gf stretching in the
stretch section 18. The cooling can zone coollng which 5 refers to

cooling substantially the entire wi dt h',‘,‘beATD of the web, fromthe edge
portions 28 of the filmthrough the cenjer portion 30 of the film
Surprisingly, zone cool | n%yt i mredi ately after the stretching zone has been

found tb i npiededcerhFhsahilifytoaptively. ﬁ?F‘Eﬂéhe fratsdigetimal (TP) senapge pf -l cal
films when applifgy! Esrhs@fﬁl @ﬁén%ﬁéﬂé?m@ Wﬁcﬁce@%@e&@ ar ﬁ’iﬁﬁ/ufaé?iﬂn% Runded by

forced air convection. dition, "application of an effective anmount of
zone cool i ngoptmp}(ﬁjmgo@ﬁ@ab&g\@glﬁl.(le 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
illustrate a variety of processing parameters to achieve the polymeric optical film of the
20 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
a-plates can be found, for example, in Yeh et al., Optics of Liquid Crystal Displays, John
25 Wiley & Sons, New York (1999), U.S. Patents Nos. 5,504,603, 5,557,434, 5,612,801,
5,619,352, 5,638,197, 5,986,733, and 5,986,734, and PCT Patent Applications Publication
Nos. WO 01/20393 and WO 01/20394, all of which are incorporated herein by reference.

The optical elements are configured in combinations as described below to form
optical bodies or optical compensator stacks. Optical bodies or optical compensator stacks
30 can be formed by disposing a polarizer layer or a cholesteric liquid crystal material on the

novel polymeric optical film described above.
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directional (TD) variation of in-plane retardation. As illustrated in the
Exanpl es bel ow, by enpl oying zone cooling imedi ately after the stretching
zone, thewgrmesvntroiecti onal (TD) variation of in-planepCatERadadBNG as
expressed previously, mez mm ~in W15 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 polyneric
optical filns tFigrsd daiwtsenwptitahcdmpeesatcd s@8k Hidtthat imfudes 3j-ratdréar 300 1.5 net er

or 3 neters). an n .consi derin vant ages ihed i.n econo of scal e and
yield. The %?Pé’?r%l%’%@ﬁl&ﬁ i ﬁ?ﬂé rraflg' gﬂ‘\aﬂé&?ﬂge’;ag?mglrug%seaglgﬁﬁﬁ%ar ameters to
achi eve t hesipoliane®isibiax@fily istatbheipoynefic filebeiZdsupstasiailly nbmyesaibingand Opt i cal
conpensators can be forned using a variety of different optic el ement s.
Among t hes ePBpEItEERe b g’@?ﬁt gnﬁvfﬂf}r&%@asfaé%évf Vi lights The s ST e o
retarders, { whéi8ehddondliRfi®S of fehediofWhbret RAL Swo NHe SIRON lddkdsr S-

I nformation regarding o-plates, c-plates, and a-plates can be found, for

exanpl e, i nrefragiionaregiot equalyen Explade retadancg being dPQnmpr ioss andan abehirie pauay | ey &

Sons, New Y, (LSE 'lmg’? p04, 603, 5,557,434, 5,612,801,
5,619, 352, @*aégBtl%ganegHB@gn@go%ﬁ@gE ) 515'36 t,e734, and PCT Patent Applications
Publ i cati on NosTheVBtliaki2cR8a! hyet JMDidLASORRA crystd] neteriahi Tie fastdiqiidc or por at ed
herein by reference,,~lhe optical. ele ts are configured in conbi nati ons as
descri bed b%rpsg%??y(?r?Zgrrﬁ?y%eg%oéalfmba&?gﬁ%grrt%%ﬁlﬁ'cal conpensat or stacks.

Opt i calo bodi es @iguees slodds thaipespsiod] 06mscnstdtStacB 0T ARy Melutios seendlyquii sposi ng
a polarizes layer or..a . cholesterjc |jquid crystal terigl gn the novel

pol yneric o Tder 545_rﬁlﬂ’é?§f‘cdr‘r“t}g‘al‘f§ Bsi0gg %“2@@&?@%‘7@%’%@*}0&%_2004/ 002416
Fi gure 3 shpsfesdTheibi [Sld GOMMINLAI W and HRGK:0RQ Rahid 3fysialaltdes. dnd - r et ar der
310 disposed on a first liquid crystal |ayer 328. The ljg;-(;ret arder 310

i ncl udes a peaguskliqyid crystahlavendnoonay isian eipate, gn gpiase etibeilikso | Khewptical f i | m bei ng
subst ant i al |y, a0 RREAE MR G RblaRibdr Mlef 240 dlpolAlmOfE:

pol ari zation state gt? v?qsq}gii)gﬁﬁ?egrht. Thg fa-rert erer %}108 has x, 5y, and z
ort hogdnal ligudd opstaldéyer 832G erché Hist hovet @ystal 1dyen¥0 naydedlisppded betwetroional

I ndi ces of ef t re.not e I n-. ardance beji.ng 100 run
or |ess andpg%néﬁfsi&rg’? %gr\llgﬁhﬁgget%g&?rll&ou PO %%%%f ?ﬁg?ﬁ%n%neab erilnl’rll 50 nm or
greater. 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
between the reflecting polarizing layer 340 and the first liquid crystal layer 320.

20 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

25 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 optical compensator stack 400 may further include a second polarizer layer
446 disposed on the first polarizing layer 430 or the first polarizing layer 430 can be
disposed between the second polarizing layer 440 and the j-retarder 410. The polarizer

30 layer 430 may be an absorbing polarizer or 2 reflecting polarizer. If the first polarizing
layer 430 is an absorbing polarizer, then the second polarizing layer 440 can be a

reflecting polarizer layer.
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The first liquid crystal layer 320 includes liquid crystal material. The
first liquid crystal layer 320 nay be an o-plate, an a-plate or the |iKke.

10 Figure %{(f%% 2tnpat the optical conpensator stack 300f§y'§fg&mldgﬁﬁe

second liquid Crys | ayer 325 di sposed on the j-retar
j-retarder 310 may be di sposed between the first liquid crystal |ayer 320
and the second liquid crystal layer 325. The second liquid crystal |ayer

325 may be an o- pA:%{éi?Onaﬁg & QJn%%%d ¥a 1 E&%eh}ré%ﬁtheﬂ%gaﬁg i§8lsati %%%Eﬂsat or

stack 300 may furt Phel arlzer ayer ose e first 15
liquid cryst &lyers dgeenbelﬂmom Adule:loimlrc&tloﬂai lwctrdncduc;esfoabxa‘nayerah@ﬂﬁbnn’ayerb,e

di sposed betvve 0 th r| z :?(30 and the j-retarder 310. The

pol ari zer | a§3é3 %5‘3"01’%‘&5 j?)% é poI arizer or a reflecting polarizer.
A reflecting pol a@nez@rmdrayﬁtca%ﬁlpemmhastﬁkﬁm&eahxmnattednﬁ) a fleSOjbi fage and

pol ari zi ng | ayer of the absor bi olarlzln 330 can be di sposed
bet ween 1 he Pé?cP%‘g’F‘PJﬁb{aﬁ%?’garg‘gP ﬁ@netll Wéﬁa’@ﬁ’@s“ﬁﬂ %/‘f" ick ponveptifmgl cr ystal
layer 320. 2@ickio@fofiriders BRWSMRARe@PTheCoikicdt Q&@ﬁéﬁ%ﬁ%ﬁ&ﬁs&fé&rﬂ)@@ abdvat i ncl udes

a j-retarder 410 'disposed on a polarizer |ayer 430. The j-retarder 410
i ncl udes a | #yeyidearvidar manee ahwtudset, o grmple) abigxiplaetaisrorsoplytedhitedingeran bei ng

substant i al | v,y lﬁ%?{é{i/ Pisxﬁglfega%ﬁypgﬁi‘ cﬁ‘%ﬂe&gaﬁal Ok Wouflira %ééatll Hfeasin

pol ari zation state _ | -retarder 410 y, and z

ort hogonal i tti thiekness ofthef prodesizero Willhthe ¢eacting efthe mw@ouheneheltmnds@gbmm

i ndi ces,of r n eta n Wy 100 rim
or Iessl(gnd g %sorll ?Ru%g’l C%Fn@ensgéon Sgd%% lth%dfi ﬁrar%lzc’ﬂr Sé{h gﬁg%gger?ﬁ% 0%61 nm or
greater. Thepotaﬂzemabtoommg&ﬂﬂmbnﬂbanﬁenmmnlﬁ&y further include a second

pol ari zer | ayer 40 di sposed on .t eflr Iar| | ayer 430 or the first
pol ari zi ng | ayer i‘i‘»‘b"r’%ﬁ‘ﬁ% fEes i % 8‘&‘“’2?&? esfﬂ}éeﬁéé]%‘ﬁy’%luﬁ i2fng | ayer
440 and the jyafi@y af@ﬁeamﬂselayérmdﬂ@raﬁplxzﬁfonﬁ@ndlmnﬁ&ﬁlsﬁw(ab@ mBkIapsor bi ng

pol arizer or a reflecting_ polarizer._If the first _polarizin | ayer 430 is
an absor bi ng by %@rﬁaﬂﬁﬂf'éﬂ"ec ﬂ@l@fécwxaaplarﬁlwﬁaﬂiﬁéﬁf@tﬁs yrdema wBrssa

refl ectiig0 palahaSie AL Il VOROALRLAAN RETIPAAELOARLE55AddI L] onal

Iayers can be added to or between the dpti cal on stacks | ayers
descri bed abalisposeAdnan ppiical coomnsetwastactWérﬂmit mlud@seaj—lfctardeeﬁmlﬁ@se@n gnnent

| ayers,  o- p'ﬁ%ﬁﬁmd%@{aﬁ Fet sgé‘g’i“lge i aRleP41® dcs agre} ofks%nul%}goug%lag‘%ﬁ

opt i cal conpensari on°s a am nat e rst najor raceé and 5 a
second mmj or straickedgblymebiCBip eiag substastialip mmeabssrbmgj aad nbmsu*.duahng/\for ailleast
conventi onal one polarization state of visible light. The j-retarder 510 has x, y, and z orthogonal indices
20 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,
The optical compensator stack 501 may include a second liquid crysta) layer 525
25 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
layer 525 may be an o-plate, an a-plate or the like. The optical compensator stack 501
may further include a polarizer layer 530 disposed on the first liquid crystal layer 520 or
the first liquid crystal layer 520 can be disposed between the polarizer layer 530 and the j-
30 retarder 510. The polarizer layer 530 may be an absorbing polarizer or a reflecting

polarizer. A reflecting polarizer layer 540 can be disposed on the polarizing layer 530 or
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di chroic polarizers are |lam nated. The optical conpensation stacks descri bed
above provide a wider range of retarder, for exanple, a biaxial retarder or
c-pl ate, Wiombyimygance can be fabricated to make an opPCFalS2@ampBEmnsat i on
stack without dramatically increasing the thickness of the polarizer. Wth
the teaching of the invention herein, it is possible to 10 fabricate an
optical conpensation stack with polarizer which is thinner than a

convent i onahe pobarizangilzer SHotanbe dispesad bywesdht iefineting polpeing &yeid0fand m  The

opti cal boqhee S st rug)(p s%rqll compensat or s descri bed above can be used in a

vari ety of opti cal s and ot her applications, including transm ssive
(e.qg., backli t) Flgufeeﬁ illeﬂ:tatesa Sclenotit crasssdectimhl wew df amlﬂﬂh;mmﬁohspdnmrrpl e,
Flgure5|II r@% sche ¢ros 15 section V|ewof 0 Iustratlve
di spl ay sys“P’ 8 nﬁ&lhﬁ rﬁo‘full ﬁrﬂﬁms ‘?8’? At 2 al £OmRERSAT %ﬁc Lopti cal
conpensat orih& ikGidedPilretdidd 6'10“&'1[31563&150@ ddrﬁ%ﬂﬁfk@rﬁ?:@lﬁwalgﬂaﬂﬁﬁdloon a first

l'i quid crystal | ayer 520. The j-retar 510 1 ncludes_ a | ayer

si mul t aneouBel¥sleas faypy §f sinaliapeau bigxigthy W&qhﬁfépqlmlﬁ%ﬁ fwi h@glg%lb%aenaﬁléx oty
non-absor bi aﬁ%rﬁ’l T% aﬁlﬂfbnss%ﬁegﬁé T‘d?gt Ife&'i: oﬁ"etpollfﬁ'ﬁ%on sﬁ?@oﬂ@gﬁé h%ﬁt Tpg;j.state of

visible |i ] -retarder 510 asxcp% z orthogonal |nd|ces 20 of
refraction mheiﬁeﬁ]&thaﬁ sas end perthogonahmdipes gfm—abn whefe gtlsasdtwa efithaact i on are

not equal , o%o%onalf 19&1?glseof r&itaa’{lona e Eot%ﬁ ngm%r?gb re?ardanges Bei fgeﬂ)[}%[ﬁh ? (gl Ut €

val ue of an 0 ane retardance e’l n hm or grea

| i qui dOcr ysdndlan hlisyhuteﬁﬂ&dfmbmtdﬁ@lahb canard!ance yah@b‘o mabegneabz The fir st I i qui d
crystal layer 5 na an o-pl ate -plate.and the like. The optical
conpensat or staﬁi‘eg CaHPPERA O 5@01%16%@&33 qrﬁl?a“gleétsng%\POIP%?fé}ay%rZS 25

di sposed ons4oRigphsel @h BedRE: pofhflziag Lol &essbnfﬂkamg&aﬁﬂlﬂaragxétdaacﬁmeposed bet ween
the second _liquid crystal |ayer 525 and the first 6gwd crystal |ayer 520.

The second 4‘$P&Eﬁdd’eﬁ’fe)?% {hg|secopgy@lﬁm§2@ym@0 pad B4 --setyietd). Adeliechigte or the

l'i ke. The g}{&drﬁ@h BREOS 3L Asp &.Ie@s]!fﬂr‘é Slarib®, la &Fé’a"ﬁ%{rtﬂe@ﬁéﬁbgﬁnﬁn@ ?@fﬂ zer
| ayer 530 di spose on t he flrst Crys | ayer 520 or thé first

li qui d3cr ysﬁ@lcanhg/@sposgtbeewnﬁ@ seﬁ:osxé@sbuZIBgtw@O@h@thpMﬁmdg@O| dper 530 and
the j 30 rgéa?arn‘%%f 1?5%930 ryﬁfbeo%l a%Eé ﬁ%g P&lﬁ‘é{% of’?%ﬂ@&%@%oﬁﬁz&g%ﬁ%ﬂg pol ari zer

or areflecting arize I'ng polarizer er can be di sposed
on t he pol apdlatizing ey €30 i53hatsorbink polABzéiidd e 2e60dd ﬁﬂﬁa}@z@mﬁm@m t he

pol ari zi ng | ayer. 530, can, be di sposed between the reflecting polarizing | ayer
540 and hfbfeﬁ?ﬁhggpfﬂiﬂﬂ%ﬁf}f Y& ystal layer 520. Figure 6 illustrates a

schemati c cr 0ss-T3e¢ighiGhcHula¥dr 890, &50 SHaEsupplidd $hd 1aht WRd & SOk e disp¥ast em 600
' nelu dl ng asylstler%hjtoo rtrS%COi lilll'xc%}dgé, fc?rSe?canqllalg paohsg%%i so?Jpce%Qd g B.tglllt%ﬁllde Ca?tgopl?g?lso?ﬁe? r stack 601
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 guide can be wedge-shaped,
channeled, a pseudo-wedge guide, etc. The primary consideration is that the light guide be
25 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.
To minimize surface reflections, to enable cleaning of the front surface, to prevent
scratching as well as to facilitate a number of other properties, different layers or

30 combinations of materials can be disposed on the optical compensation stacks 501, 601.

Additional films may also include touch components.
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5 that includes a j-retarder 610 di sposed on a polarizer |ayer 630. The
j-retarder 610 includes a |layer of sinultaneous biaxially stretched pol yner
filmbein u i.ally non- absorbing and non-scatteri st one
pol ari zat i 23?%1(?72; G visible Ii ght. The j- retarder 610%%5 l%;"ﬁ{?(’hzﬁ

ort hogonal indices of refraction where at |east two of the orthogonal

i ndi ces of refraction are not equal, an in-plane retardance being 100 tun or
|l ess 10 and an a 0 nm or
greater. The opt ﬁgg{ng;cogﬁélg @zﬁsggf ?tkﬁgéﬁs%la&h? etr hﬁﬁ&%ﬁc Oggh‘gcond

pol ari zer | aygrbe aﬁdﬁitdiﬂsqimsbdfthmdispiey6nm$ctahnnkdmghizaammy | Byess filaBGnayr the first

pol arizing |a 0 c he, second pol ari.zer | ayer 640
and the j-r elpé}’tifeqéé%sfﬁ Prﬂelpté‘ﬁ Zlbe?cfﬁg‘&]%ﬂ%l? Eﬁ'ret}ﬁ?g?n @Hﬁ Lo i b‘é di sposed on
fj he pol gr Ib ZIS%@cﬂlﬁﬁﬁﬂmﬁi‘iﬂc}mg HHFlasofdHyﬂw,m@karecmggglaba%fe,mﬁatﬁas&mfcwm tz,emo -
o1 ar' 281 | Ao YO BLNih Degkor AL BBAF PAS-RDr ORI EBETH G ol ar | zer
If the fi rstandraaie@ﬁﬁgzélﬁﬁlahgyse@n&aqlghts sitA afRGRED bRl AfddL Himd 4460 t he
second pol ari zing | ayer can be a reflecting polarizer layer. The |ight

nmodul at or 55Gqul 0511? a2 quappl vas plaganditigikeused to view the display 20
system 500, 600 ' k46650 FibO cSHATRES eé’pdch%H&Rﬁ&mua]&ﬂ%sﬂ?éehg%ng%'ul o or

al t hough ot her ting systens can be ‘use
550, 650 depinocﬂlédon, hoxFanmsestﬁcd anvk, Evcgmptlealaomamsm@e:mksadahybe lepmitaediol ar

Cr 0Ss- S ction ators 530, ui.de i.th any

st tabi D shap@stpdrt BRRfh B ChR ke 2 FAD RS ima Bt SRS R

fhaﬂnel edd awmslgumiﬁmw&ﬂblgleh@mmdpolaﬁeﬁsaxélhﬁnmtdd][rﬁhys alone:Dqﬁﬁl hﬁtnila@ﬂ)ei S thgt t he
i ght guide he 25 capabl e ivin t fromt i.ght. source an

em tting tha%l‘sﬂqs ﬁ?sﬁr“%égﬁ‘i??fg Rt "ql F‘g‘ﬂ?ﬂnﬁﬁgﬁn Sfﬁg\? QgSSBE?{i ﬂ?éa‘rq ectors

(e.g., optional rle&hserahﬁtrﬁm B burABd fr@indie 61 Pt TBmaREbro¥dAqke adboiRSTENt S tO
achi eve the desired functions. To minim ze surface reflections, to enable

cl eani ng of mﬁ@ﬁlm@motwropﬁeéﬁlmwomé%ﬁ@d ind £T%8.cBurfage Hreatments inglde,dor _
facilitpie a 7& Eor 2, 854E c?rgiﬁgr?ﬁréés@§use9}n tﬁgséeﬁiffackﬁwn%m%cﬁﬂ gor‘b' nations

of materials i $pose€ e optical conpensation stacks 501, 601.
Addi ti onal fp*tylgsn m;ogat,gobla igedesl (haclt @mcgmn@odrb@iwﬁi@ﬂorms OO AdeCipB, 01

PCT/ US2004/ 002416 r br| ess gsu t ay, .a.nunber of
it orent. typagagy ey oty Cosinad & RS Syt e OB, Ml il 100, o
back- 11 ght candHydrolykixasatnidntsidan BBy be ke toahbarte tHeladhyshie pﬁd}ﬁﬁeebme shi el ds,
EM shi el di ng tlcgln ImsrefI ection filnms, prismatic

20 - Liquid crystal displays utilize a variety of optical films in the stack of layers
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,
25 which, at 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
faces of the oriented and stained PVA is a solution including water and PV A, optionally

30 containing methanol. Because TAC film does not wet aqueous solutions, typically the

TAC film is treated with a caustic solution to hydrolyze the surfaces prior to the

lamination process.
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structured films, such as BEF sold by 3M or reflective polarizers, such as
DBEF sold by 5 3Nl of Nipocs sold by Nitto Denko. Wien reflective polarizers
operate bW@R¥HOMting and reflecting circularly pol arFGEESIPHHEH6such as
Ni pocs, additional retarder filnms are required, such as a quarter wave
plate and the like. Figure 5 and Figure 6 illustrate one optical '
conpensati on stack di sposed on a light_ nodul ator, however as stated above,

h / t
two optical conpPBABhe ExaERIECREPEEAIEIIMNE ekas VE® avarrble fom St nmj or f ace

and a seconphiRiyfanf @Eki Bf infrdvilg tRAREink Ande &ﬁ%%ﬁsﬁés@fii&ﬁid%&sﬂahat whi ch
conventional dichroic polarizers are |am nated. Thus, an LCD panel nmay be

di sposed betizeays inglydelagumber ofidiffeses fayespusteasia subysten ameligomest layskgnas

descri bed a r . j filns
ot oved. t nECARGs hBeli [kl i, hpReBip )RR Bimfl oA ER | o
LCD s. 5Sur f adhesivese XA fitrss dre ofterdsed bash as thbereapsiatieg layers Gordhe drieatwd andr

pl asma. (Gases. u in.these.surface tr.eat ts included . o e ni trogen,
nobl e gas ess?@ﬁiﬁ\q‘égn%?sgg S"&’ﬁtaat‘ﬁ%lr ﬁ'ﬁ,?;@%%?%??rh ,aglr%eﬁis}ér,“ﬁﬁ&tﬁgne,

propane, andesbtitedABove CDACIfiMGs 6@ .ofen hiliblosel fradaet tp toyideah Miequate leveRYDC) ,

chem cal etching, and_h%drol ysis treatpents can_al so Pe sed ti& enhance t he
adhesi ve pr B%FIP?-e%C@fa“%. yel 035&‘388’!‘ ISfPQUIEC toggsure fhptyioy drﬂdg“%s[“é?l fa 'Spl ays
utilize a vakdueliaoss so%ﬁilel(&a%esfv@g%s_ infrhheml AR edplY@Fesand 6N i ng the

di spl a%/. Two exanpl es w | e provided to help explain the nature of the
opti cal0 fi | pnqyslead fifms dring tha aptionph gevpslapieest-ace treat ment of these fil s

pr oves  her ! of SRR NG ol hilr B 3B Ea) AR AL AbeS
conprises an ori en{bg%e%VAe po y&?%ﬁ?ég?]%%ﬁo% FLI T{mm'%g \Aﬁlllgchs,%hg%jel east in
sone enbodi hemingyithpet complenaud patetiially eipessitegprores atatingher Iidolyssi sm  requi red
to effectivel larize.light. The or.ente n ai ned PVA i rotected
from the - eBoRpStal A pubd e o TSN TS RRLE feins P s ige oY bl AT °TEE
barrier fil impraved the Adhesiorceflshidlfiae Novehaehed teea{nloh®)inclady) fdrleramnpit,er i al used
the TAC filns to t maj or faces of t ented and st ai ned

to adhere e two he. ari
v DT P bl B b hood o A SRR Jrobged GTEg i, ng

et hanol .  Begmgse ndigdskd bR SrgdR bndBlinAY RIoHAe, SRlmdhniadMSthahey Plopalel Y t he
TAC filmis treated with a caustic solution to hydrolyze the surfaces prior
to the | andPyt®8- process. 19 WO 2004/ 0 7 2 701 PCTI US2004/ 002416 In

anot her exanpl e, TRAMAGISRIpAL Firh BBt HBrefTalHE bdel vA¥A JaRbh S bihgm Ful i

components and films that enhance or provide other properties to a liquid crystal display.
20 Such components and films include, for example, brightness enhancement films,
retardation plates including quarter-wave plates and films, multilayer or
continuous/disperse phase reflective polarizers, metailized back reflectors, prismatic back
reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and

holographic back reflectors.

25
EXAMPLES
Example A .
This example illustrates a method for making simultaneously biaxially oriented
polypropylene film with equal biaxial orientation.
30 A homopolymer polypropylene (Fina 3376, commercially available from Atofina,

Deer Park, TX) was melt extruded and cast using conventional melt extrusion and casting

equipment. The film was cast a thickness of 2250 micrometers. The cast web had a

20



Phot o, Japan) useful in inproving the view ng angle characteristics of
liquid crystal displays include a nunber of different |ayers, such as a

substr at e,wg%‘%lfd.,%qent layer, an LCP layer, a polarizepctQRidoQ0dsheyy W th
encapsul ating [ayers), optional prinmer coatings and 5 adhesives. TAC fil ns

are often used both as the encapsulating |layers for the oriented and
stai ned PVA and as the substrate for the alignnment layer. In a manner

sinmlar to tyhate ofd@RENBEG ARRNEmattRG0h Ve AaSured bLBitRWAG A Y &8l N Oorder to
provi de an adequate | evel of adhesion. A certain | evel of adhesion is

required to caleampEy-t Hecdiimsyns preeaieta 479 degrees Calows vobafan speed grgiing ofo at the
adhesi ve: gl age, N &IIANBneARY SR I AhoEHARDMIY SdWikECh OO G f eroval of

films during the optional rework process. The present invention docunents
i mproved adtiespemturopf bifkdegrees €4lsing Ilowingloeicntating Biedilmivtas ooledtompl ex and
potentially . .e i | ner | I nents. It was
Found t et JE0RTap fF L elfrsCfl R A8 DHGPIS, S BN 1 T
i nproved t he adh@k¢ tansmiss®abetwked arsssedmlaizes wak acesireédaimmiReskin Borhatde, for

exanpl e, 15 corqna,. fl ,.or plasma. Gases ysed | se surface freatnents
el dod oxygenis J ProgRRoTri B GRenstp e s P gbhenAd et B
chlorine, animmien jutEoledne theRhAIPARGotati e PlaédTeilm UAG] 06 naRfidsfonapkiacal film
descri bed herein can be used with a variety of other conponents and fil ns

t hat enhancenBiyst e gunBrRRCFEIFRiSHe: Fite Gesemple i @afeavasdyiotal Hemcelorthy . 20
Such cqEPONGR! HirAen frlahdBssidddrd dempit Al BARIR] Gossl &M@%ﬁg%}g%@r{@m

filnms, retardation plates including quarter-wave plates an s,

mul til ayer s depodarizitingo U tplepzer was thhmmtateddiy Wedepnpes yolign ityrangmisaien al | i zed
back refl ect i j ol L ack
reflectors, agn{{ﬁ’ﬁjtafapélfggﬁ E#@P%@}%ﬁz?:ﬁ gg%%%%? ﬁygéﬁgésgstﬁgirl\% pgr%{cl)%lg)éfrag% f@ back
refl ect ors. tBSinkeMAlyRI{ESssebpatpkas, Aetdetfosthédoiawp bethe bdnumbtrratice@CR), wast300d. f or

maki ng si nul t aneqQusl.y bi gxi al riente pol ypropyl.ene film w equal

bi axi al orientat iggﬂ‘.ﬂyaﬁﬁv “ﬁdﬂgﬁgﬁﬁfrﬁﬁa ‘gFWYe %@F@ﬁéﬁd%ﬁsﬁ%e%{;%? h@bwmsr cially
avai | aljlse f rgrovéi &fRisiagreesiOadinsHar 1000 hrs. Welse egilts fBxhmR0\ a8 3¢aBithdISi ng
conventional melt extrusion and casting equipnment. The filmwas cast a

t hi ckness ofMP288 1§ Biksnk-ers. The cast web had a 20
Creep resistance for both the TD and MD was measured at 100 degrees Celsius for

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

20 " An in-plane retardance was measured using a National Instruments RPA2000. The
in-plane retardance (Aj,) was 20 nm. The in-plane and out-of-plane indices of refraction
were measured using a2 Metricon Model 2010 Prisim Coupler. The out-of-plane retardance
{Agu) 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

25 of the film. Example A had an |Aqy| of 265 nm.

Example 1
Example 1 illustrates a process for making an unbalanced simultaneously biaxially
oriented polypropylene film with unequal biaxial orientation that shows improved thermal
30 stability and a lower A;,.
A film was made in a manner similar to that described in Example A, with the

exception that the cast web was 1000 micrometers thick, The final film thickness was 15
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the film Exanpl@her meerties of Kxameple bpresheymhimTablegnpl e | Exanple | illustrates
a process for making an unbal anced sinultaneously biaxially oriented
pol ypropyl ene filmw th unequal biaxial orientation that shows i nproved
thermal 30TablaBility and a lower Aj.. Afilmwas nmade in a manner sinilar
to t ha_t descr bed— T EXaHp e A, Wit it e T eXeERtT ua/gcrj,e' at—thercastweb was
1000 m croneters th - e final filmthjcknessy was
Example Depolarization CR MD TD | resistance | |A;l |Boul
(am/m) %) MD TD | (am) | (nm)
ExA - 0.15 500:t | 3] 1 [36] 36| 20 265
Ex1 23 0.15 500:1 | 1 05| - - 30 165
Ex2 15 0.05 1540:0 | 1 [ 05| - - 10 180
Ex3 12 0.05 1540:1 { 1 [ 05 | - - 8 180
Ex4 12 0.02 3600:1 | 1 ] 05| - - 8 180
Ex5 0.03 2600:1 [ - ] - - - -
Ex6 - - - 41 2 18] - - -

10

Examples 2 and 3

15

|Ain| and |Aow] were averaged over at least 150 cm of web along TD.

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.
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21 WD 2004/ 072701 PCT/ US2004/ 002416 mcroneters. The tenperatures in
various sections of the tenter along wwth the MD and TD draw ratios are

l'isted inyghhAlAag!l ow. Table 1 Exanple Preheat Stretchpépipg0dpoeaic MO Draw
TD Draw zone (C) zone (C) Cool (C) zone (C) ratio ratio ExA 178 160 135

135 7 7 ExI 159 152 169 169 7.5 8 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. 35pXampledd A3 RaRpaTatd 05 teftermgiplt@redindagtsShown in Table 2.
Table 2 4u - een"n % Shrink %reep Exanple W Depolarization CR MD TD

resistance |AWI& | (nmm) (% M TR{nmAw(nn) EXA - 0,15 500:1 3 1 3.6
3.6 20 265 Exl 23 0.15 500:1 1 0.5 - -%’30165 Ex21500515401105- -

10 180 Ex3 12 0.05 1540:1 1 0.5 3600:1 1 0.5 - - 8
180 Ex5 - 1pdepshpgation. Examples 2 and @g} exhl it a?gghgr qut@f p%ane retq}réal]cgandl and

JAO't | meresgagﬁg{caﬂgﬁb@gﬁh- e k@a84ncd 50 cm of web along TD. Exanples 2 and 3
Exanples 2 and 3 were nade in a manner simlar to Exanple | with the

excepti én of those process conditions cited in Table 1. The final film
t hi ckness f%xagﬁ)tlmExarrpl es 15 was 16 micrometers.

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
10 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.

15 Example 5
Example 5 illustrates the effect of reducing temperature in the preheat section of
the tenter. This example was made in a manner similar to Example 3, with the exception
that the preheat temperature was decreased by reducing the fan speed to 55%. Example 5

exhibited a reduced depolarization to 0.03% from 0.05% in Example 3.
20

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
temperature were slightly reduced and the orientation was unbalanced. An additional
25 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.

Example 7
30 Examples 7-16 describe improved adhesion of optical films using surface

treatment of optical films. Surface treatment may include, for example, corona, flame,
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22 WO 2004/072701 PCT/ US2004/ 002416 Exanples 2 and 3 denonstrate that ,
tenter tenperatures inpacts Sni' mn in fin Wand depolarization, Exanples
2 and 3 aMdBH28¥RIZB9% a hi gher out-of - pl ane retardance arﬂfﬂl&z%ﬁ}f’?ﬂgntly

| ower in-plane retardance. 5 Exanple 4 Exanple 4 illustrates the effect of
adding a clarifying agent. This exanple was nade in a manner simlar to
Exanple 3, wi.th {he excepti that resin containing a clarifyi agent or
nucl eati ng ﬂ’&é’ﬁ??ﬁsﬁ?o 1555158 %zsr%s ARG HOPOT ST BEPRY: ’69%9"10 25% The
resul ting ceRecailsile SBmofia,Ghakdnb WrHlGn®andbth@atThe gsaagebitideolchEBAp! € 4 was
1000 ppm The .additjon of a clarifying agent reduced depol arization to 0.03%
from 0. 05% §'Phingzahisydgolsis eptrpsnls el houserio sniance th aghesive BTopaidesdlf ect  of
reduci ng t efpes@hifigsi N the preheat section of the tenter. This exanple was
made in a manner simlar to Exanple 3, with the exception that the preheat
t enper &t ur e was Hempleasied 1ppisremetei ndyrronylehe filns pegnhadoin3Ianneneanibiréo 5

exhi bited agy, l,ar.l | 9 - 05% in Exanple 3. 20
Exanpl e 6 %m é?%“ldﬁg%g? Elgéggé%?yn%%geop gs{?r%ér){)n\?gus%?eeéep resi stance. This
exanpl e was(a) mad&ir corosa ar@rindfcns iwithlaaelative Hixddityl (BH) of avbtridd 254 excepti on t hat

t he cooling,and anneal ing.  tenperature wer | ightly.reduced and the

or i entati on®as KIFBSISATREN MSiR6 " lamr AR o R al e SRR 1 o
Exanpl e 6 wAsioayreha ahiehifvalae aitio @00 35 er-fubl rhtieotND. 19Y), 8Ramégiidriopnal 5% in
the post-stretch zone, (@%I e 6 exhibited a 50% reduction in the MD creep

resi stihce P0RTAETED (@ tatrgme apd 2 Pyagpdin e3p oBGmpE es 7-16 descri be
i nproved adpgsi og, QforfARE 1.6 em? Whits 2l St AE nRMELAGRona treatments throughout the

examples have an oxygen concentration in the corona of less than 10 ppm;

(dy  Control (no treatment).

D

15 Example 8
Example § describes a film using alternate surface treatment chemistries. In a

marnmer similar to Example 7, a 16 micrometer film was treated with different chemistries.
Examples 8(a) and 8(b) are described as atmospheric-pressure plasma treatment performed
using the Plasma3-brand hardware developed by Enercon Industries of Milwaukee.

20 Example 8(c) uses a standard corona type treatment with a different chemistry.
(a)  88%/12%  He/N;at 0.5 Jem?,
(b) 88%/12%  He/N;at1.0 Jem’
(©)  99%/1% Ny/NH; at 2.6 J/em®.

25 Example 9
Example 9 describes surface-treated film with LCP coatings. Example films 7a,
7b, 7c, and 7d were coated with Staralign 2110 (available from Vantico AG, Basel,
Switzerland) using MEX as the solvent to form Examples %a, 9b, 9c, and 9d. The
thickness of the dried Staralign layer was 50 nm. The Sfaralign material was then exposed
30 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.
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treatment of optical filnms. Surface treatnent may include, for exanple,
corona, flane, 23 WD 2004/072701 PCT/ US2004/ 002416 and/or plasnma. Gases
used for tR{eSBeGihioace treatments include oxygen nitrogepcTngnacopases,

chl ori ne, amoni a, nethane, propane, and butane. The use of coati ngs,

chem cal etching, and hydrolysis treatnents nay al so be used to enhance the
adhesi ve properties of the optical filnms. 5 Exanple 7 is a 16 m croneter
pol ypropyl ene fi |T%‘S%§aliéﬁ@§atécf‘ﬁlﬁm%?@tﬁén shfdihvath rﬁé?)rsﬁ%ﬁ[i?@iaﬁulﬁtlﬁ@quﬂl raﬁat ed
using a variety of gaseous surface chemstries: (a) Ar corona at O.

J/cnR with aadhesivethnee whishivgs ﬁ‘;bSQQRPi)ﬂYdﬁmaY@u ﬁ@e pghgsiqupfapeTegiwag p@ameqht usi ng

a | am nar, bur ner at
an equi val en{g@%@%&g@g@g@g” Fre%lj ra |o o?ﬁ%%q¥g%namaﬁl#glbt§?r% power

10 5300 Bt u/puiyprepytent Gl mAY eript, thanape acraven the-atignnfignt magapl. dhe fdbsaqnentlc) N2
corona at 1.0 %}/ cf.nﬂ whe || qf the { i tr. en cor ona treatments throughout
the  exanmpl c@aRaVand skl pilmedmet wov et bR? FRoTRat e Bha of | ess than 10
ppm (d) Control ’l(]ﬁ@alﬁ}bleﬁwﬁiéfelﬁiehcoaté&wﬁxam&bvelgﬁtﬁ&aﬁﬂﬁoﬁdé}nﬁﬁﬁ'ﬁfﬂMEK afilm

n alternate r ce | nner imlar to
ot o 55 oorpriine paolr LR R bast et Sistrpiary b B el Eoh oo
Exanpl es 8( apASPAB iﬁ&lw%&lﬁféiﬁ@@ﬁﬂaﬁ?ﬂwﬁl 84 W@%Hﬁ%[‘deﬁt‘ PiaEa U B (@{Iﬁﬁlﬁﬁ

treat ment performe usi ng the Pl asma3 -brand har dware devel oped by Enercon

| ndustries offom(ibgaBrieb Swrgerarghplihe cogtiag was then gried ¥ degreesdradiius angdpe
treat mepgf w I;J}e@w{MWIﬁﬁE af?{w]aegg A‘ B%CN%%ﬁEggeﬂfb}ga@nF%H% at 0.5 J/C”Q (b)

88% 12% He/ N2 at 1.0 J/cnm2 (c) at 2.6 25 Exarrple 9
Exanpl e 9 descri bBw couted scowpldsrvest gewéd dndﬁwrodaedmrm@atandlg\@lua@danpl e filns
18 7o, 7 el AP SROPRSE R D FRs il Bl L
9c, and 9d. 3ider oftdlacredsngs;&am thelative patfoSatcalf the smmpe Itremsntgefaﬁ.lgm 9bThe
Staralign mate was t 0S 3 0.Rpal ari zed UV |i sin n

Opt oAl i gn (a@“é{ 51 aghgc‘?“rt{?ﬂg% @’%ﬁﬁg%ﬂ%‘ig e’ﬁﬁ%ﬁ&@ %P%Wgycet%am g(/tg%le a

dose of 1515 midtewReaM t h an i nci dence angl e of 45 degrees.

Environment stability was also assessed by laminating the LCP coated
polypropylene film to glass and then placing the glass in two ovens with temperatures set
at'80 degrees Celsius and 60 degrees Celsius/90% RH, respectively. Failure occurred
when films delaminated after exposure to temperature and humidity. In decreasing order,

20 the relative order of performance was: 9¢, 9b, 9a, and 9d.

Example 10
Example 10 describes corona-treated polypropylene film with LCP coatings.
Example films 8a, 8b, and 8c were coated with Staralign 2110 and photo-aligned and
25 subsequently coated with LCP in a manner similar to Example 9 to form Examples 10a,
10b, and 10c, respectively. The peel force between polypropylene film and LCP for
Examples 10a, 10b and 10c were each around 50 oz/inch (560 g/cm) as tested in a manner
consistent with ASTM D3330.
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24 WO 2004/ 072701 PCT/ US2004/ 002416 The Staralign coated filnms were then
scored with razors prior to lamnating with an adhesive tape, which was
subsequenNQ2WEHBIYd. The Adhesion Tape Test was perfor U028t Wit h
ASTM D3359. Wiere poor adhesion of the Staralign coating to the

pol ypr opyl ene filmmay exist, the tape renoves the alignnent material. The
subsequent | é coated |liquid crystal polymer layer would exhibit random

al i gnnent . Medkbl es were then coated with a 18 wei ght percent solids

m xture in MEK [ si mply
25 LCP and avai 1Bl e b e R St Sk L=, o
per cent Dar Bé4r Stfa@ tated filmbE-emplas Gan 76 'baanmre lagunat@etplaanugntedT he coating
was Lnen ot kidodihe S0ndPRY RS Blak $SaERG 1 A0LRL BN 1) Al At 100
per cent povver PR AN anaer opi Aer sarrp re viewed
under crossed pdhanlcmﬁ,shmtén&dahdlmlﬁe:ﬂP\sqowuéllyc:ainwsefdmmlﬁ&m, GePVishere the

Adhesi on Ta ved alignment. materjal. In th 0 ecreaS| ng
el Ty, DRI 7Y AT el B aping o Lttt e eSS S 4% o

and 9a. Th emMeoRiw by AIRVOIl BEvarghé 05 (Wadsbie SR A P@dudtmci\@hreﬁﬁca@%d‘ or mance
of any of the 15 substrates. Environment stability was al so assessed by

| ani nating tHentovap PéoXiSéo. Thefssigraisp wranted aie %t%ﬂeélf’éé%” grieferded i Blmici ng the
glass in twy 1‘3['\5(7 % %fﬂcéﬁmﬁéﬂdﬂtﬂ%ﬁaﬁanﬁmﬁtﬁhs 891?&51% gs Celsius and 60

degrees Cel si % RH, respective ure occurred when filns

del ami Hat ed aft eThe@ﬁb@wm@edtolmmseEmmM@ Tanth, Aurhdivd to. the eriadtedredisi ng or der,
20there|at|v ; le 10
Exanpl e 10 %taélscr es T r(?ﬁg fraé% e %m\oA%y%rsg/c/% g?f’és &I%E%v}\%ﬁ %f_ c@g'?l ngs.
Exanpl e fi| FEA&&ade8lnS. Following erirationadlleamples WeilBthaoelavaginut 80 dégraen Gelsius

phot o-al i gng}d glnd 5 subgequ ntly coated w trll1 LCP in a mariner simlar to
Example 9 t & SHPYSBECTP Ol RyessYIel Ay pIBP s pect i vel y. The peel force

bet ween pol ypr 0pPHeQ£tﬁ1nEie|ﬁm1§ﬂaérekﬁﬁ em&omﬁmmah@a al ORdegibCalilsAP@LRMEr € each
around 50 oz/| nch (560 g/c as tested in a manner. consistent with ASTM

D3330. 125 wWdthopse ﬁozqeewe ted5p @auAnOY 2aRsstent Wi Sd M P3330. 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.

20 Example 12
Example 12 describes laminates of surface treated polypropylene and oriented
PVA. Surface treated films Examples 8a, 8b, 8¢, and 8d were laminated to an oriented
and iodine stained PVA film in a manner similar to Example 11. Peel forces for all

Example 12 films were found to be similar to Example film 11c.

Example 13
Example 13 describes surface treated ponpropylene oriented PVA laminated to
glass. The opposite major face comprising polypropylene film of Example film 1ic was
N, corona treated (1.0 J/cm?). The resultant surface treated film, designed 13a, was then
30 laminated to Soken 2263, a transfer optical adhesive (available from Soken Chemical &
Engineering Co., Ltd, Japan), to form Example film 13b, which was then adhered to a

piece of glass to form Example film 13c.
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Exanpl e 11 describes | am nates of surface treated pol ypropylene film and
oriented PVA Surface treated filns Exanples 7a, 7b, 7c, and 7d were

| am nat ed W@ 2e6w@tieent ed and i odi ne stained PVA fil mtopéonsroraopies 11 a,
| I'b, 11 ¢, and Itd, respectively. 5 1n all cases, the oriented and stained
PVA actually conprised two films, the PVA and a hydrol yzed TAC | ayer
adhered using a solution conprising 66.5% 27.9% 5. 6% MOH wat er/ Al RvOL PVA

G ade 205 (avail abt geel f0268 ofitlie FkOEILIEE SdRRTe CHREH i8R fEcel T Examplélfiliengown, PA,
USA). The designation, "aqriented and stained PVA " is intended to help

clarify the WgRsASUe® be 62 RFICh 4@ ®onal | ami nations are performed. 10 The
.adhesi ve used to | am nate Exanples 7a, 7b, 7c, and 7d to the oriented and

st ai ned PVA corrprl sed a solution containing 66.5% 27.9% 5. 6%
McOH wat er / AbRemle 14pVA Grade 205. Fol | owi ng | anmination, al'l sanples were

aut ocl ayed at 60 pggheqs oCRliskSion] Moo BHT CPLocte A ARRRRRLE fhe RgEsure L

an air at nospher e | am nat e s were t en en ed at 65
degrees Cel shees/{ BRI film Sc amaprisive [§dFelasfsorfamdreaed ® fous Eaanpln ﬁanma%ner

consi st ent h 330 Th el. forces were: <0.4 oz/inch (2.9 g/cm
for Exanpl emff4|%i %éﬂ_ ‘?n8 S/Siuﬁ%%qfei%nﬁl“&eﬁ%‘ for Exanple filml la, 20
oz/inch (225a.g/Cm§2c6mhaE>(H‘TrIﬂ:1ﬁ2fi | m 1l b, and 22 oz/inch (250 g/cm for
Exanmple fil #/ 12 Exanple 12 describes | am nates of surface
treated pol yprop Zéﬂ@n%ﬁ n‘(g f@nted PVA. Surface treated filnms Exanpl es 8a,
8b, 8c,jpand &d V\@]’onfoﬁﬁT‘hﬂ_eﬁ gemt.0 an oriented and iodine stained PVAfilmin
a manner simlar to Exanple 11. Peel forces for all Exanple 12 filns were
found to be &inm [Gentreldsaeasgixemplelfiipiiclc. 25 Exanpl e 13 Exanple 13 descri bes
surface treated pol ypropylene:oriented PVA |anminated to glass. The opposite
maj or face conprising pol ypropylene filmof Exanple film1 to was N2 corona
treated (1. OFxpmeply15 The resultant surface treated film designed 13a, was

L 30 Lt 1ot kR P G AR bl 20,2 o
whi ch w&és t hEviAadkense ﬁtnms B wepe arenatdd tg bdagsed ad icline skimad VA fnd madkde. 26 WO
20047072701 PC]iarl‘gsﬁi él scrl 111 Example 11 to form Example films 15a, 15b, 15c, and 15d.
Peel forces were measured. The resulis were < 0.9 oz/inch (9.8 g/cm) of width for
Example film 15d and 19 oz/inch (220 g/cm) of width for Example films 15a, 15b, and
15¢.
20
Example 16
Example 16 describes “corona treated LCP coated polypropylene™: PVA laminate
adhered to glass. Example films 15a, 15b, and 15c was then laminated to glass using
Soken 2263 adhesive, in a manner similar to that described in Example 13. The peel force
25 of adhesive/glass interface was, in all cases, greater than the polypropylene/PVA interface.
It is envisioned that other optical films, such as DBEF (available from 3M, St.
Paul, MN USA) and Nipocs (available from Nitto Denko, Japan) can be similarly surface
treated and adhered to oriented and stained PVA.

30 Example 17
Example 17 illustrates a method for making an unbalanced simultanecusly

biaxially oriented polyester film with unequal biaxial orientation that shows improved
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The peel force of the Soken 2263 adhesive / glass interface of Exanple film
Be was neasured to be 22 oz/inch (250 g/cn). Exanple 14 5 Exanple 14

descri besWELIBHE 2fteat ment of LCP coated pol ypropyl ene. PERESA4@P2416 ace of
Exanple film9c conprising LCP was surface treated to form Exanple fil ns
1l4a, 14b, and 14c. The various surface treatnents were a. N2 corona at 0.5
J/icn2; b. N2 corona at 1.0 J/cnR2; 10 c. N2 corona at 0 J/cn2; d. Control
(same as Exherebstabilityand g lower fa s mimose plchepsing RET &é@éh’i%@%ﬂ‘é@}f-‘é}?é treat ed

"LCP coat ed,fg) ‘k}{,g (}H%’;L froth Q@Exﬂxeérfﬁalﬁl% materidl %osgﬁmgﬁtﬁé s @ﬁ]]m]pﬂoﬂﬁ re

| am nated to o nte i odi ne stained PVAin a hanner ar to that
descri bed iprioElceateiching.l to form Exanple filns 15a, 15b, 15c, and 15d. Peel

forces were neasur. / wi dth for
Lor oes Ver S TSR o TR AR B J ARt 1
15b, arsd ldﬁrEntea@snEgaKpioelw(Gv&ablﬁrﬁhm BrécldesbizsdheenbanpGmbH, Siegdodd LCP coat ed
polypropyle : nat e ed to ass. anple fil 15a, 15b, and
15¢ was the W)nibﬁg{%eli‘m@?sa%fé “Ffb?ca W?@é@%ﬁﬁ'@?ﬂéb}fﬁ% a manner
simlar to hhmhetd8esd Whed thifknBisaiRloe migomdRs. NBEPETChE eBYa0f adhesive/ gl ass
interface was, in all cases, greater than the polypropyl ene/ PVA interface.

It is envisTEHEReQUsHIONSRISE I BT dikprtiqn qngdg second Hiredio degizes Fdoneatf r om 3M
St. Paul, f t & J b
au i\’%}lfeéﬁﬁﬁ)lsé"n&r MR ﬁ]{;}{eafﬁﬁl &R kol r o ﬁ?%‘@ 4,4 1a \}Rgpn e

simlarly surtace treate ered to orlente st ai ne

Exanpl & 17 @xangloef 1% seé¢dndslireatos svaa4.a8t Hid tfidmessef ihedinahfilonbal 4anced

si mul taneou%lcF\g etglram ally oriented polyester filmw th unequal biaxi al
orientati on™that. Sfiows i nproved 27 WO 2004/ 072701 PCT/ US2004/ 002416

t hermal stabil i tA/piatbfahd smeltandously. orithied PHT [fihA evae butdvaotit ogtdPbT thes t o

illustrate the nethod . )
film to measure the optical properties. Ay, was 1.6 nm, and |Aq,] was 456 nm.

15 Examples 18
Examples 18 was oriented in a manner similar to Fxample 17, except the final
draw ratio of the first direction was 4.7:1 and the final draw ratio of the second direction
was 4.7:1. The thickness of the final film was 3 micrometers. Ai, was 8.71 nm, and |Aoud
was 342 nm.
20 Example 18 shows the sensitivity of optimizing the draw conditions and the importance of

an unbalanced draw to achieve the desired optical properties of a j-retarder.

The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
25 fairly set out in the attached claims. Various modifications, equivalent processes, as well
as numerous 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 npon review

of the instant specification.
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of making a j-retarder froma sem -crystalline material, whose physical
state is anorphous prior to stretching. A piece of substantially anorphous
pol yet hyl ene terephthal ate (PET) cast web was 5 oriented using a Karo |V
(favai | abl e from Bruckner Maschi nenbau, GrbH, Siegsdorf, GCernmany). The

di rensions of the starting cast web were 125 millineters by 125 mllineters
and whose thickness was 99 mcroneters. The PET cast web was simultaneously
oriented in a first direction and a SkAdIMSB direction at 92 degrees Cel cius
at a speed of 15% per second. The final draw ratio of the first direction
was 4.4:1. The final 10 draw ratio of the second direction was 4.5:1. The

t hi ckness of the final filmwas 4 mcroneters. A piece of the

si mul t aneously otiented PET fi lAn episaldiln dompnisine center of the filmto

nmeasure the optical pr rties. Ain s 1.6 ri nd | s 456 M 15
Beanpl o5 18 bxanbiaelofgimaed Sinufipdats Rodafsstned Poivbiefn fl BBepi o 17,
except the Eﬁﬂﬂﬁhﬁalg’xﬁ)%ﬁs%;ﬂi& eﬁ‘fd,xfoﬁ%cﬁtﬂeﬁﬁ%fdﬂ'af F:Estt'oﬁé‘? ¢ o étlte%'?%s%i‘éa, final
draw ratio of the Second direction was 4.7:1. The thickness of the final
filmwas 3 Hlighty awidiawing X, A and wasth8gonal indicescofalefrattion Wheneinsat 348t torof 120 Exanpl e

18 shows the_ sensitivity_ of, optim zing the draw conditiqns t he

i npor t ance °gﬁﬂddﬁ%ﬁqsé’f§6%°€‘?'hw pgte Bl g %rg@%@&e&&ﬂ%ﬁm Properties
of a j-retaldeind ahhBsdMite I8ME of&ﬁ’&ﬁ%‘f—%ﬁné&%ﬂ&c@gﬁng%sﬁﬁfb“r'g?éh’i&.d limted to
the particul ar exanples described above, but rather should be understood to
cover all aspects of the invention as 25 fairly set out in the attached
clains. Various i ficati.ons, equiyval ent ocesses wel |l as nunerous
structures to vm#[c)‘ﬂ’et"ﬂ‘g"%ﬁ 8%“‘%@&?“3&’%ﬁre'%ﬁgf}%}?’%gﬁf%m%ﬁef be readily

appar ent t opdigegylete, §J§1'?rét%1%l , b@bﬁ?&n&, Ry &éﬁdﬁlﬂyﬂézrgﬁtﬁcf(fgqh&ﬁﬂflti on is

directed upon review o e instant specification. IMS " 1. An optica

fil m conpr i péntene), &r maxtares dreredft r uded si mul t aneous bi axial |y stretched

pol yol efin fil mbeing substantially nonabsorbi ng and non-scattering for at

| east one polarization state of visible light; and having x, y, and z

ort hogonal i ndi Cﬁmbpﬁ@ﬁﬁﬂﬁhédbfdiﬁ%‘@rcﬁjzﬁ lawheresthe puigolefin thigprises t hogonal

i ndi ces of refraction are not equal, an in-plane retardance being 100 run or
polypropylene. ‘

4. The optical film according to claim 1, wherein the in-plane retardation is less
than 85nm.

5. The optical film according to claim 1, wherein the in-plane retardation is from
20 nm to 50 nm.

6. The optical film according to claim 1, wherein the in-plane retardation is from

50 nm to 100 mm.

7. The optical film according to claim 1, whetein the absolute value of the out-of

plane retardation is greater than 150 nm.

8. The optical film according to claim 1, wherein the absolute value of the out-of
plane retardation is greater than 200 nm.
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| ess and an absol ute val ue of an out-of-plane retardance being 55 rimor
greater. 2. The optical filmaccording to claim1, wherein the polyol efim
conprises polypropyl ene, polyethyl ene, polybutylene, cyclic olefin polyner,
poly(4-nethyl-1- pentene), or mxtures thereof. 3. The optical film
according to claim1, wherein the polyolefin conprises polypropylene. 4.
The optical filmaccording to claiml1, wherein the in-plane retardation is

| ess than 85nm _5., The optical filmaccording to claim1, wherein the

i n-pl ane ret ar da¥-i1bA optica ceorsling i cfasmsg whereinghe Jprer has e thielmess ofhSaccor di ng
to claiml, wheral k0o e retardation is from 50nnto 100 run. 7. The
opti cal fiI%1acc%b§ﬁ%g?ggﬂg@g?%il, wherei n the absol ute val ue of the out-of
pl ane retardation is greater than 150 nm 8. The optical filmaccording to
claim1l, wherein the absolgég val ue of the out-of plane retardation is

greater than 200 %hihe orfica! filphaecerdingda plapm nwherelstn layrrias ¢leagthand anher ei n
the |ayer hﬁﬁt@ofd?gp%ﬁrlfﬁmgﬁfe% %n?rl] t&ﬂn\%%ﬁ 'bﬁ#éf-)ﬁ:]ér% Hgiaﬁcfaﬁg@&rg E&s%aég%m—rhe

optical filmaccordi ng erelnt ayer has a leng d a
wi dt h of atudifesntacidsSthe teriphrandwddthhe 1 n- pl ane and out - of - pl ane ret ardance
are substantially wuniformacross the length and width. 11. The optical film

according to claim2, farther conprising a nucleating agent. 12. The

tical fil i ' o of S el 13. A
opti cal 111 m corgr o LA Ehing W CRITE, SRR CopAag s bR Sy >

stretched polyner filmbeing substantially nonabsorbing and non-scattering
for at | east one _pglarizatjon state of visible 1light; and having x, y, and
z orthogonal inciizci-ée‘c‘.ﬁm MLACEPa e P elaitn 4. Birtherequpnging atackifise  or t hogonal
i ndices of refraction are not equal, an in-plane retardance being 100 nm or
| ess and an absol ute val ue of an out-of-plane retardance being 55 nm or
greater and a Il8ngth and w dt Anoptied filmastpfisifid neter and the in-plane and

outof - pl ane ret.3; dange. 2l fr SUBRLANL L, HLERLIIRA 230, g, enoth and
substantially nonabsorbing 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
Jess and an absolute value of an out-of-plane retardance being 55 nm or greater and a
length and width of at least 0.65 meter and the in-plane and out-of-plane retardance are
substantially uniform across the length and width.

14, The optical film according to claim 13, wherein the layer of simultaneous

biaxially stretched polymer film width and length is at least 1.3 meter.

15. The optical film according to claim 13, wherein the layer of simultaneous

biaxially stretched polymer film width and length is at least 1.5 meter.
16. The optical film according to claim 13, wherein the in-plane retardance

changes less than 4 nm/cm along the width and length of the layer of simultaneous
biaxially stretched polymer film.
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14, The optical filmaccording to claim 13, wherein the |ayer of

sinmul taneous biaxially stretched polyner filmw dth and length is at | east
1.3 neter. 15. The optical filmaccording to claim 13, wherein the |ayer of
sinmultaneous biaxially stretched polyner filmw dth and length is at |east
1.5 neter. 16. The optical filmaccording to claim13, wherein the in-plane
retardance changes less than 4 nnicmalong the wdth and | ength of the

| ayer of simultaneous biaxially stretched, pqlyner fil 30 17. The optical
film according talg ?ﬂ%‘mﬂ%@ﬁ%ég@% t?mgaiﬂkéé“p@ﬂﬁpggﬁ%ﬁ&@‘fﬁnges | ess
than 2 nnf 9 Tds tHaR 2WindEM aftg theSRidt ardllerdglPod (BY BerQf sthdlibhimeous

biaxially stretched polynmer film 18. The optical filmaccording to claim
13, wher ei rbidtiadlyi steetshedhpolymeafildance changes | ess than 1 nm cm al ong t he
wi dth and I ength of the |ayer of sinultaneous biaxially stretched polyner
film 19. The optical filmaccording to claim13, wherein the polyner

conprises a pO'llﬂPTE‘ééﬂiicalaﬁlﬁf%cX@rﬁh?&@ clainP §3, YiHeferh e @n-pRné tepaQRe! yner, or
m xtures thereof. 20. The optical filmaccording to cFal m 13, wherein the

pol ynmer corgbangsefess theh y prdem latemg theowidthming length ofthe fay¢rof snudtadéong t o cl ai m
13, wherein.th | onprises a polyester, a copolyester, or m xtures
t hereof . 2 .‘a*fﬁgp%ﬁ{%&ﬁ%#%cordi ng to claim 13, wherein the pol ymer
conprises a polynethacrylate, a poly(vinylidene fluoride), or m xtures

thereof. 23. The optical filmaccording to claim13, wherein the |ayer has a
t hi ckness of 15 19Tk aptisaldilm aceorddgie elriombl, evhereipthe pFlymeppammprises 41 | m

di i f h I Sl I ' : . Th
opt cal 71 sy hplyesdt £PGAER. 4 Sk ReirahRg % e 26, an

optical filmconprising: a |ayer of extruded sinultaneous biaxially
stretched polyner filmbeing substantially nonabsorbing and non-scattering
for at |east on@Opbheantialfilorpceqrdng toelaim ﬁ:mhérem thgpelymgnepmpristhg x, y, and
z orthogonaglohjapogni = of refraction wherein at |east two of the 31

ort hogonal ices”of refraction are not equal, an in-plane retardance being
100 nm or

21. The optical film according to claim 13, wherein the polymer comprises a
polyester, a copolyester, or mixtures thereof.

22. The optical film according to claim 13, wherein the polymer comprises a

polymethacrylate, a poly(vinylidene fluoride), or mixtures thereof.

23. The optical film according to claim 13, wherein the layer has a thickness of 15

micrometers to 40 micrometers.
24, The optical film according to claim 13, further comprising a nucleating agent.
25. The optical film according to claim 13, further comprising a tackifier.
26. An optical fillm comprising:
a layer of extruded simultaneous biaxially stretched polymer film betng

substantially nonabsorbing and non-scattering for at least one polarization state of visible

light; and having x, v, and z orthogonal indices of refraction wherein at least two of the
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| ess and an absol ute val ue of an out-of-plane retardance being 55 mm or
greater and a thickness of 10 mcroneters to 50 mcroneters. 27. The
optical filmaccording to claim 26, wherein the |ayer of sinultaneous

bi axially stretched polymer filmhas a thickness of 15 microneters to 40

m cronmeters. 28. The optical filmaccording to claim 26, wherein the |ayer
of sinultaneous biaxially stretched polyner filmhas a thickness of 15

m croneters t.o 25.m ters. 29. .The,opt.ical film accordi to_claim 26,
wher el n t he WM PdiosR S TeGiagtion rengt sl dfih-blhng rgterdage being 18 mtnon ' at'e. &
f 1 uor opol y ks andran Abadhite @gué bEamast-of-glane rehedMioé bﬁﬁ%sf hin'or aeRRr dhdg to claim
26, wherein the polynmer conprises polypropylene. 31. The optical film
accor di ng t Bidkness f Xemiczp@mptersio phmigsemsisrsr conpri ses a pol yester, a

copol yester, or m xtures thereof. 32. The optical filmaccording to claim
26, wherein the polyner conprises a polynethacrylate, a poly(vinylidene

fluoride), or mit ThesptidaEfilePiccordthg td BRird Pé, i wikheih tHeThyae 6P¢ifhuRghebes Cl ai m 26,
rising a nucleating agent. 34. The optical filmaccording to

further co

cl ai m 26, ?Eiwsihléfs ¢ pelymgr Blm kasiai thickess gl 5 muigrorenters ted0 micremetersor ding to
claim 26, wherein the layer has a length and a wdth of at |east 0.65 neter
and the in-plane and out-of-plane retardance are substantially uniform
across the | engtis. Theloptdedl film &2ording to claim 26, wherein the layer of simultaneous

biaxially stretched polymer film has a thickness of 15 micrometers to 25 micrometers.

29. The optical film according to claim 26, wherein the polymer comprises a

polyolefin, a polyester, a polyacrylate, a flucropolymer, or mixtures thereof.

30. The optical film according to claim 26, wherein the polymer comprises
polypropylene.

31. The optical film according to claim 26, wherein the polymer comprises a

polyester, a copolyester, or mixtures thereof.

32. The optical film according to claim 26, wherein the polymer comprises a

polymethacrylate, a poly(vinylidene fluoride), or mixtures thereof.
33. The optical film according to claim 26, further comprising a pucleating agent.
34. The optical film according to claim 26, further comprising a tackifier.
35, The optical film e‘tccording to claim 26, wherein the layer has a length and a

width of at least 0.65 meter and the in-plane and out-of-plane retardance are substantially

uniform across the length and width.
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