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OPTI CAL FI LM RELATED APPLI CATI ONS Thi s application

clains the benefit of U S. Provisional Application No.
wW®2000423939.2, filed on March 31, 2008, the di scPOFUSWODO38736

which is incorporated by reference inits entirety.

The foll ow ng co-owned and co-pending U S. patent

applications are incorporated herein by reference:

U. S. Patent Application Serial No. 61/040, 910,

entitled "LOWLAYER COUJ E POLARI ZER W TH

OPTI M ZED GAIN' (Attor neyT@gi%q{ 64121US002) , and

U S. Patent Application Serial No. 61/041092, entitled

" ADHESI VE LAYER FOR MULTI LAYER OPTI CAL FILM " Jones et

al . (Attorney DockBEIMSTEBARPLKONPIONBackgr ound

Hi s [ 1y Skl ' dgVv] ¢ [

tbr a0 Pl Aon BRI 9 5 PIARSGAt ApHERR B0 12,
filegdebh evh@h , 31ar1908, tHeodikcldsfré usewhickus insypdreldd W ecference in its

still in use for general purpose advertising signs and
Cn{i§ty- i ndoor 1ighting applications. Over recent years,

refi i ' L gh;

oo e LG BB TRl U, pOR8L BRI pporae
herelreleyt reforems: Uk Patehy Applicapion SudilSNd. [6a104019d Oy gitla ELOW

liquid crystal dislalysleé\LCdislaﬁ/s or LCDs) such
LAMER SRPINERERHGIVE POLABIZER SHYH REBIMIZER SHABY (Attorney

i gingal tp.Si ol UG C Sans:

Dok fhidea PRI, 1 TS P alh Xty fidy NorIp Kb Fo POAS) Centied
“ADCIRSNE LA YRR, FOR MAUEEIILAY BRAEBICAd. ROtMrleadsect lal. gAttorney

tg%msel ves, an LCD requires a source of illumnation -
Dog i%l@‘%ljéﬁoﬁ)@- refl ected anbient light, or nore
commonly, light froma backlight that passes through

the LC panel to reach t hBagkgigand Refinenents in

bac ﬁigtgrqéalltyeglpnn Eelt ‘t())a%)élighrtedegljcr el%tcﬁlge& NG rtlgreg (r)naalins c%snlillgorr]lel%: light
I NCreasli ng bri ness~or reduci ng power consunption,

sourb&s @ ashpy abacl fiettoy, and@drone diffised Stk skresare SAME Bt for
these refinements can be achieved through t he use of

gendrgurpash agearenng sighnendstoe mdaer lighjing apli¢atieas.i ng fil ns
. A odieg B '
o7 S SRR MO ML Pl R AP gy oo

bri ght'ness en

fudd@l &y debhards in thewhidhhadowein adisemepélectediii @adhdwseryaddtproducts that
~efficient use of‘thelight‘ emtted by the |ight )
incomerete siqpid cay s cliapiayn(L-C disphayai arildrDYosuch as eampiter genitors,

teléﬁgéﬁ’s‘r{mﬁfolb@%g@ieg,g&iéfgag{/c% rgfﬁ'@,”&o%ke@&%a' i@ ofRKSSISy ¢, Gnd other
hand-held devices. An LCD is built around an LC panel, and, because LC panels do not
create light themselves, an LCD requires a source of illumination — typically either
reflected ambient light, or more commonly, light from a backlight that passes through the
LC panel to reach the viewer.

Refinements in backlight technology are directed toward goals such as increasing
brightness or reducing power consumption, increasing uniformity, and reducing thickness.
Some of these refinements can be achieved through the use of light management films
such as light redirecting films (e.g., gain diffusers, turning films, prismatic brightness
enhancement films, etc.) and reflective polarizing films that enable more effective and

efficient use of the light emitted by the light sources in a backlight. In addition to the
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| ower cost products. Summary In one aspect, the
present disclosure provides an optical filmthat
WO p@baeBeg9 a refl ective pol ari zer having a passPEKIUS20891088736
a stretched polynmer film The stretched polynmer film
has an x-axis in a direction of greatest stretch, a
z-axis nornmal to a plane of the stretched pol yne
desifel fay inapraved tvclamaé ppdeenas.daridight sakers fare arteb motmt@d to provide
The stretched polymer filmis
lo a%o%t %(éu?% the reflective polarizer, and the
stretched polymer filmexhibits a refracti ve i ndex
symetry point at an angl e of incidence in air of at
Ieast about 60 degrees wi PAMRYYect to the z-axis in
t
i s 7 GnCieBes, o B0 A osBRAREb et AFORIARRRN fatingluges o
refteefilepdlaneer paviap hpass dxavindt Arcpehsd pakyinger did. Bhe stretched polymer
stretched, polymer film The stretched polyner film has
filrg hag aryxjagisiip aahrértr%tfr Berte spteltacsixis tl‘PI@ftaé fp a plage ghths
I r fi
str&?lg{(&ﬁjsol%getgfgﬁld ?@(ﬁ Fg axﬁé&?&g@%ﬁﬁﬁtﬁ% ?gb%g t%éTg apéls ahﬁqheaﬂqulg;1 The
stratelaxd lynidrefilat is édrninedd potherefledtivt polasizat datthe dtrét@hdd‘;&blyrner
ref]ective palarizer, and the stretched pal ynmer. f]
ﬁlr@ﬁﬁt}@rtt 3 r%frarcarr« HEEX SRmmeHE LB AR 3ngIRS 1ﬂ‘tld§tceé1h aig ﬁ§ pideast
bl OUELAEOGHN QB0 e Ahik fiti x-2BRME 6O dearees wi th
respect to the axis in an x-z plane. Furthernore,
t hels hﬂcehertmsphcp ohy/prescnft disolosanprodés aa opabalrfeémi that 1ncludes a
teri present in the reflective paqlarizer.
reflggtivg 15%@@%&%9 %tdés%t?tchaﬁ eelyasy lénp?wttr&legﬁolymer
ﬁllﬂﬁ’ltaé k- agds iffa *Itgéndxﬂﬁ‘ néég«ﬁést Qtrétgﬁ leLLiiy ﬁorﬂglll ?J# ?ﬁfle of the
aving first and seco maj or surfaces
strstthteeitpﬂhﬁﬂerrfdhy aed a fyidxin peapdandatuéa tovbdth tize i-rakstandtdteezsame The
th i rst jor. surface of the | ective
Stritgﬁ Fobgper f%ﬁ’els aptshedo therrﬁé%at% pplagipiiaend the sEetohid polymer
ﬁlﬁ&&ﬁfbﬁpgg fpa%'tﬁé'rﬁ{dd‘(h 9’9‘?89& ijanv‘d gik & 1ﬁ888ﬁg in air of at least
hesi ve Tayer to t second maj or surface of the
abcmtf6[) eieglrevewtth respeatao theamakis hteatr»ptz iptaak. Eurthﬂ:rmmel thdesctahed

ti er di sposed proxi mte the .second stretched
pO\grE} ﬁ??&cﬂ?q¥rﬂ%ttc ‘E’ﬁ@“% REFSERt 1’ét®f€ﬂ¢?§t¥l¢?ﬁ&‘ 1zet.
filmig aﬁ@ﬂt@@%{ﬁeéth@te %Pésb&tadlscll@sﬁ?er proPed Qr?olﬂ?cfa Bk tM4€includes a

pol ari zer his optical film ‘each of first an
reftaenmmpblsmzeetlahag fipslagdreecohi Imag;oremtfadznstasd a ﬁrS‘fstratched/polymer

ndex s tr nt. a e of .inci
fllg T SR 450 EOt vy Ebahe Ffst Sraier i wine Retfictiye
potaheerptee caﬂﬁﬁﬁ hl@é WBudek g\geétﬁa s?fet‘éh&%(ﬁyméﬂ/ﬁﬁﬁ Mminated with a
havi ng a kl'i ght; the backlight includes an

sedohd adfasatei 1@5[’!31‘ dnethrerseqond mabt ecfacy ef tholreftdcee pblanzangand the

a axi,s, and ret ched pol i1 m_ The
oG B 4531 e 1t RABONSH PRSgrs heyvegond Shetched polymer
film such that the second stretched polymer film is between the optical layer and the
reflective polarizer. In this optical film, each of the first and second stretched polymer
films exhibits a refractive index symmetry point at an angle of incidence in air of at least

about 90 degrees.

In still another aspect, the present disclosure provides a display system having a

backlight; the backlight includes an illumination device, a reflective polarizer having a
2-



10

15

20

25

30

direction of greatest stretch, a z-axis normal to a

pl ane of the stretched polyner film and a y-axis
w@erpardecul ar to both the x-axis and the z-axP&T/Us20d9/038736

the stretched polynmer filmis disposed such that the

reflective polarizer is betvveen the illum nation

device and the stretched E ymer film The stretched
Passexisned ¢ strqiehed mobintes fdmy Ehe steatehed roharest ks ep y-axis in a
. ROJ Nt e of e
cirfleforghe A0y ARRE X ELBELES AN Al by flcdiATimgs . and o
y-axisaependitusir itd botyielc a0l hﬁd ttasPeds, antl fig: sm’eﬁsqedl polymer film is
di scl osure provi des a displa g@s yst em_havi ng

dispaged|spgihtha ﬁhemﬂe@ﬁw R‘élaB%F‘éR’r Ween trlsléuléla@%lafaorp@frvaw anddhe
Vi i,0
srgpht et TH SFe PR R BRLEEHARR RO AR fpmery
pomfatanaatighe oﬂincadéhcé &€ hir ofatdbasy L@l 68 deglceevith respedt t@ric-axis
normal to a plane of the stretched polynmer film and a
in Vl&%lpéanﬁer pendi cul ar to both the x-axis and the
z-a -
; eczl%l %11 g& t‘ggxeéz g&;jtlhg %!réég%odrﬁc'tldnsﬂ}é ppsrpg@ééz ! 5@81?19 sbfem having
a biatllight ﬁla\fvhlol'ﬂ ticbehaicklggha metlidee agplotaeized & thingodtjomdevidelhaving a
exhibits a refractlve i ndex symmetry point at an angle
polgrizatiom; axdyid 3 sretghed gelyger fi gﬁsThea%@{&h gBOUQj’F é@g hag %th axis in
C [ I
o SRR T e Sl i PBOGE 0 BBl dfifihor fim and
a ysaxsd pmpdsmi\i/dum tabbthaké xghts and thidz-etis t Tie doackbd gdnltymer film is
|ncludes an ill n_devj and a stretched
PoyHPRATEP r?qewﬁaa PPE%H@ rhé chien t"@f‘optg}ﬁré%edfl [ymynasipn B‘?‘ﬂ%e and the
str%cglﬁﬁl (1:_\1%{ exgﬁ%bé{ﬁ%?%gac’ég}gg?%gﬁe hﬁlﬁp owdlnt%@%ﬁ ﬁ@%le of incidence
in an of & leefst amm dédegeeswah respas so thhammbmwl BPphegr ees.

i1l yet f rther t he present disclaosure
pr " ofh fibuther fero e&re%kﬁ%ﬁfgosaﬁe Biovideae d Pl YHEM BV g @
baék(ﬁ i § gxflﬂcﬁﬂlre%&a?t R HE hn flldnﬁhatfd?lr 1 aﬁ %tsfr@ttcﬁ&f) lymer

poymerf| m i ncl formng a web apoyetyen
film eTlepditehdicd pelynst fidhekhibgs tdiardwain (Dfrat deakte30P0mm along all optical

irection by a first anount.of about 1.05.to0 1,3 .tjne
pa st Greib SRR P TN 20 2o & PGP 4 gt than
ab(y\ﬁgold@%@eyansverse direction by a second anount of

about to 7 times an unstretched transverse
di mbng stolh yethortherragp@;t she pesdng dlspkn)lsnyrmoxfldésm thethbdhef making an

i.ncl.udes  h etting th b el e web
or{iL AT EruTie FERR G Reh Ak g hamiale S pser fim
mc\Muek Gt Es wea loR & PolyRtHyNGe kel Hﬁﬁt% estfytcrh%gt hOWeBRfl a length
under minimal tension in the 1en di rection. These

diregtondiytrefirshapewtt of aout Ad)Spp ésﬁemmemlarsmlsa’stsvhai length domension, and
stre%gl?mg ?he vvé‘br A ttrarhesvedrget %Lelc%gn by a second amount of about 3 to 7 times an
unstretched transverse dimension. Forming a stretched polymer film further includes heat-
setting the web, relaxing the web in the transverse direction, and relaxing the web in an
oven while unrestrained in the transverse direction and under minimal tension in the
length direction.

These and other aspects of the present disclosure will be apparent from the detailed

description below. In no event, however, should the above summaries be construed as
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description below. In no event, however, should the
above summari es be construed aslimtations on the
W@ b@ones¥4subj ect matter, which subject matter PGI/US2009/038736
defined solely by the attached clains, as nmay be
anmended during prosecution. Brief Description of the
Drawi ngs The present disclosure is described with
linjtagprscan the clappaedippited wttes, g\thm@ssubmtelméﬁtﬁ is gefmed pojedy By the
e enbodi nent of a
a“%%%%?§§h agﬁﬁﬁieéﬁ%%hgﬁﬁhq &%Qﬁn I'c illustration of
a birefrlngent optical film FIG 3 is a conoscopic
plot of calculated |ight transnssion intensity
through a film stl%reﬂlg%aflpﬂ%pw@wlama absor bi ng

p0| %E ﬁ?ers nt%ns% o%ugl 1@6&5@1}%%%%?%5@@&% Bk é)%%llldpdqjlglg‘8§ %&erem

ar zers a conoscopl ¢ pfro
c aI (3 l(]}al tsdi dch@’ﬁﬁtld dragysgt S&iad Ricwndfams ichbotlimicnt gha displialy Bystem.
stack that includes parallel absorbing polarlzers and

a stbStaind S&hwattfmﬂa%raélopyf 8 rbﬂréﬁt%snmcah filf- di sposed
bet \1‘-\'?@”? fshe %om%c%@é:épﬁ&sof chlefated 1t r%wt ﬂaﬁ)%nggsul‘ﬂf 1nrfe?1|tsﬁcl§ ﬁﬂ@&gql a film

ang I'nc ce for a nunber o
staﬁlt {hasincRkG: péalld absqrbiag pofarized raad'aﬂaﬁae@hllyl @i@fchbdh PEMSiliny
wavel ength for three angles of incidence at a 20
de@E@é@“ﬁ?ﬁﬁ%%H@P“%ﬁble for biaxed PET. FIG 7 is a

Pl 0184 I a%ﬁg%ctopfcﬁléﬂ &Qﬁlchﬁ[e@ﬂ?ﬂ ¥ranstnissiGh ﬁllt&lﬁﬁ% nlrf)%h a film

three angles ence at degree azi mu
staal_ngiatﬂnfcbldebpa&xldxd aPfofbinglpGlar@eis aind aplindtamially mansally toeidnted

[i intensity v vel ength for three angles of
PE'ﬁgPU@ﬁ%ée d&®?®aﬁé£$%@e§2|nuthal angl e for

SUb%&@“ﬁ’; {53l 1t di@edattd ¥s. Qhd1€BF GilifRde fo'r:h mbet §f ®dlymeric
FHESr B S

schemati c cross-sectiona one enbodi ment
ﬁhﬁsln1stack FIG 10 depicts an azi nut hal allgnnent of

ntially uniaxiglly oriented filmand a
ool it ni?fé’f tippsigiod leﬁh@mm% m&fgg%@?f%%qe apelaot
1nc?(fen9@§t £IPQLk: Mm%alaang}g fob bHaRed pppal film FIG 12

is a plot of storage nodul us vs. tenperature for
pol ¥ h@r? B afplotne transmatet] dightmcensiye bs. vaerveiengthtfoothsee daklSs of

Bt s P SRS E B bopak oy o7t ve- O agona

FIG. 8 is a plot of transmitted light intensity vs. wavelength for three angles of
incidence at a 20 degree azimuthal angle for substantially uniaxially oriented PET.

FIG. 9 is a schematic cross-sectional view of one embodiment of a film stack.

FIG. 10 depicts an azimuthal alignment of a substantially uniaxially oriented film
and a polarizer.

FIG. 11 is a schematic cross-sectional view of one embodiment of a
multifunctional film.

FIG. 12 is a plot of storage modulus vs. temperature for polymeric films in tenter
and machine directions.

FIG. 13ais a plot of cross-sectional height vs. diagonal position for the film of
Example 1.

FIG. 13b is a plot of cross-sectional height vs. diagonal position for the film of

Example 2.
-4-
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FIG 13b is a plot of cross-sectional height vs.

di agonal position for the filmof Exanple 2.Detail ed
we®en23ose on The present disclosure is directeRCT/USR02038736
economni cal, high performance optical filnms, as well as

backl i ghts and di spl ays incorporating such filnms. A
liquid crystal display is built around an LC panel, in
which a liquid crystal with an associ ated el ectrode
matrix is interl eaved of absorptive

pol ari zers. In an LC ﬂ%ﬁ%w%esgflﬁghé of the liquid

cry Shabrdianealidchsure i9 ﬁtrbce;tad totadd ecombin@da,chigly p@formance optical
electric field applied via the el ectrode matri x.

ﬁl%ﬁ’éﬁ‘@ll rf§ é?khgélés aéltdaie@ aya 1@%%%&&11.0 Ipgor r espondi ng
L .
to §: 1%2%& bryRfal 8@1@%&% tuﬁﬁ afi P a%é f119|()vlhgcﬁt% thduM b stal with

e pO ari zati
an hisaﬁﬁmdteﬂ@ﬁoti@mughs liiteiyavad gewaten p@fr of elssd@ftive polarizers. In an
magnj t ude. ht progressing through an entr

LCpRﬂnslr poions af e digrid @yypalthaye theffcpPaRaleskts al&‘é?(ﬁby g eleptgic field

di ' -
R e Y e
a pedet ousibpixe] offthe dSpthiy$ pf thy liguial @i dtsl Wlﬂlrstam%thapokahzzttﬁ)n of light

ovi de an el ectronical ly-controllabl e display havi
trammlftég Bneughib By A gFRAEL oF FPS&fiffﬂﬁaéngH@e é«l@é@mg&e%@@@ﬁo&ab an entry

po%ﬁz&na hg@\%&&fﬁ\fdldﬁﬁ dl e&ﬁtpoia‘?lzghg a‘:t&uﬁ eth VQ 111@% recs dependlng

forns an’i mage romon
on tﬁmop’tma]ssate pbiherpoztéadni afﬂlqﬁlhiactrys;tsl thatahs h’ghtteadoﬁﬂ%r@ u@ﬂnLC display
pol ari zer of i nc

the entr
explpgs @@ AGPT IPRFPHIge PR & “%P%E@ﬂly'mt@ﬂF‘@St‘i%iﬁlﬁ’é‘wng different
ap&% I‘C@glhydlﬁt?réﬁ)tré? _by the entry polarizer and wast ed.

I's therefore of interest to maxim ze the anount of
p as @ lpmkhghtm dn [LiCEnprovedes highigo tlel O pard of tiendistisgy, which forms

b kI t th
an G |°8‘ryalkggk§i1PYl%f Bl PRETEHET, e trepsgaited through the
oA ST O a0
polatitentis gengodlyaatisabied pR™)e ebmtyvm)@nzar hmi:\lvhstegh fit ia totrefore of

I [ . dli LC
mtﬁfﬁﬁé? rﬁ%ﬁaﬂﬁgﬁl{%ﬁgﬁ 8 %SSE splrrsd el r@%?l E% el Goprbe
ba&@i%m Lo mill—hl%lz!‘GQEé SR66H o@oﬁ)‘ék p@Pa!rﬁEdl Fiaht e hird AL p&d

then be transformed into Iight of the pass
pol &miezathnoue dordndxismsng pasefjaoidmzodJ gghttdnd niRRinpiAing block-

d .or subsequent encoun flecti
pofificel B BesE0y e R ior PakrridRe) Bepicon Sl LC
pafdl td H@nsﬁh%s—@@iaﬁ%dzﬁéﬂt@@ tHehat éﬁfé‘l‘ heh RtpRer Mbﬁ@p(h@ﬂzed light
wast ed. Backlights alSo often enp oy optical fil
backt ingr the backligbf. ITéc tréflastaddileki pdarszation pghtfagn thea hﬁetranefoymed into
o o AnGLLOne L D recti onal  recyel ing i 5B, (PRES): (ubscquent
encounter. A reflective polarizer thus enables recycling of at least part of the light of the
block polarization that would otherwise be wasted.
Backlights also often employ optical films other than reflective polarizers to
perform a variety of functions. Directional recycling films (DRFs), discussed further
herein, can be used to manage the angular distribution of light emitted by a backlight.

Diffusers, also discussed further herein, may be used for a variety of purposes, including

improving uniformity, masking imperfections, and preventing the appearance of moire
-5-
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herein, can be used to manage the angul ar distribution

of light emtted by a backlight. D ffusers, also
waele@enswed further herein, may be used for a vRECT/E82009638736

pur poses, including inproving uniformty, nmasking

i nperfections, and preventing the appearance of

nmoi repatterns. Qther filns nay serve non-optica

patteipg (Qtherdilms medy ssEvegrogvandicalupeiionaniueaps Bigy[sorg meghgnical
sulgﬁrtkﬁut 1ﬁ as ?a% ag h%‘& 1{11%}21%{ ?]Fth lgh{ 1!11 th%?eb:‘k %ﬂ hhse %eﬁle{;allly desirable

genera esira
tha @llchcfﬁhﬁtnef délblt‘éh&us‘ii}f hffedt tﬁd’tﬁl‘qmﬂo@ the Wicklidie. Ihﬁﬂiehh@m it is
Furt her nor e, general ly desirable that an optica

genqralhy draiblg ﬂ%ﬁ‘i an sml% §im haying gpe Pé‘i@?ﬁeo%lumyltffné@aﬂlﬂy feqult in
de@ﬁ ‘9@%?%§% %Hb ng{éﬂép@ e |n_other ways. CDnS|Qer

tlone confi gur |on in which a reflective
pol &obhgidéer the afosemdBiopad Sorfiigusdtion e whidhhd refloctire polirizer
panel . A backlj ght de5|%ner may W sh to place other

tra@mntwswpllaﬁﬁedd&hké%n Lhoape. Aracklpght éeslw &1y wish & plpce

o L A FSTRER R LD, TN 1.
deshﬁ@lel_t@lmﬂ e ptﬂahztaabﬁa df thy ligheprogeesing Fotrethy &P toghe LC panel

I film( d th
unﬁ?ﬁf%@? li%z@ﬁ :Ogr?r»éflﬁeé%@pglgopptgﬁ? ﬁw{l@'} \T@rz??m%; f@%ﬁlﬁ%ﬁ&@ f Fﬁ‘ﬁi’PPf‘sthe

pofaazét%reffe@& b TR BER ob 1 B GE ] BERRESC SR o

i'sotropic) or exanpl e, polycarbonate
blréﬂ?ﬁge;nomf(ldehlly asudopic) fia\oe filmsv Hoir mérnplagmhmrbdma& (B€gnwhich
ar de an. accept abl e optl n for optical fjlns
tens‘é Q/\}éaé’ﬁq%\‘ﬁ ROTHIREN G NESDESH fegar WS@H@C%?@W@? mwa for optical

ﬁlrﬂ?h Skby lllﬁRP dh8LARR M@p% e gt-De héﬁﬂi’ ?ng t}ﬁglegékéré’phthalate

I bit I gher anisotropy, IS o ten
(PENs wihichltlygicilor exhslatsiegvee amsamoﬁplsarfténangdr@doa;nmbuitm for use

eSS HLTES S S o) o LLng, LT LIE 1
blrgﬁ’fngéﬁge% ip@fy rﬁ{t(y ﬁﬁ&gltrab% Qﬂéﬁﬁﬂxﬂgrlia%% 8@' hgf'tﬁpeéé‘e&?ﬂﬂoward

l'ight maker w1l generally consi
thedf€ pated. and ot her factors in designing a backlight.

and A Tl SHal LAY Gratr hEEFS 408 oficaggan i
deGERiBE b bRMoht. %)é %dk@gmgii_h%lg Bl iy d8mehbeti@n Eﬂ% RP and the LC

opposite the LC panel he maker “may choose to place a
paiatil, rémdtmaylﬁbct;rethpclto pipct b ldrettetmakbeny dling fRRA anttie k@e of the RP

ane du s the material for,.the F ta.
on B e 0 St Thdn e e Bop e (o plce Slifsp drnreckging film
bettv&ré@ﬁ‘ tHSR gn(PECF parel Ml Bk C & the Ma?e(ffal K tRODRF G &linifRYe
need to be lam nated to another filmto provide

polasieitami afektssuppo gteateanast R@nmaingdtE T sedilidy, agafiértiac polarizer
T R T T I,
usd®eP ahGaheMBhTQr MBRER: AN olRYcFREhg bRRBI pAHTHBRCAPET may
provide preferable or acceptable mechanical performance and may cost less in such an
application, but optical performance may disqualify its use. In general, backlight makers
desire optical films made from materials that result in performance suitable for the
intended application for the lowest possible cost.

In the present disclosure, we describe the use of stretched polymer films (e.g.,

stretched PET) in backlights, as well as methods for manufacturing such films. The films
-6-
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application, but optical performance nmay disqualify
its use. In general, backlight makers desire optica

W0 dosB23vede from materials that result in perfRCTHEHSYEI/038736
suitable for the intended application for the | owest
possi bl e cost. In the present dlsclosure we descri be
the use of stretched polyner filns (e.g., stretched

of phlr_srglsqlﬁs%%lplp@md@wgablg§er\ﬁ@mangq; fqﬁé\@md@clfltght applications, and may

n C [
resgfr% Il[I g\?trgé%t{ag'bﬁﬁk f% #Jk'ﬁ%%tn%gl? ﬂl ﬁ:g 1cu|%1l§1 géli ?déi@gtoﬁﬂ{s

poﬁﬁ@idd&&twmqgolaaﬁersmhraeaubﬂlednne b@l\AﬁﬁerCaﬁafan @ﬁﬁa@e@ota@ﬂzer of
backlight makers. In particular, for

an bGspanel mechane lineysrsbiilans apdmsef e@%ﬁﬂ%ata)%ﬁ &1 tb% flimfethat
m R G AR S8 RO AR Oy
t he Afsirhémsioh&dherainnihriopeical Midies andbdokliphts af thegirésnt dlsclosure can

effects arising fromhirefringence of the filng. As
be yeqek in giplpyrptems, FiChd 1npesheatalie crassseatignplady ofapgempodiment
or By 3750h 9L PhOTIR, SAP SOV BET P ERLEN YSHE Thncian
12@ pogtioneend pedfvide ldkihs pd thy [ypdnei 10 0n sohe etdb@chhﬂytsstﬂﬁs becRlight
100 i ncl udes an LC panel 110 and a_backlight 120
12%5@#%4%?1%&1%%%%% 3G nugberel %@Cblam@}mﬂl@s spigh as light

maﬁ%@néﬁmﬂgé '}E%grtb% 1n£1ﬂ§%(pﬁ9§é n%gﬂtzl(%f()'ﬂéﬁlxéjeqqﬁe Afimination device

m nat1 on devic optica
13@ enpthodrd sanch Uh aadisbusyéd ﬁmﬁma@f&mﬁnt films, may be

i ncluded i n the back ht 1 O het we the. jllum nation
deviallustgtedrn Hel It ,L% ﬂgmép élyl{8 inclads |aslblh‘é‘£%5tﬁ YHier 2 an

em?ﬁgﬁ{é“} 14A§nd[ o é%ﬁ%dﬁl%el%! (%:!nGbotﬂ of{h*é%n&?aﬁégﬁk Bﬁ%ﬂetg 114and 116

udes’a liquid crystal Tayer an“entry
carlibdludanglan oepmlympf aubstrdtt feledode matlh)m halrgfnntehelagm Jpolarizers

ex 114 and 116 ¢ i ncl ude gl ass
011@&3%410@@5@9 §s) SPRRERHAN we%gctwaﬁ'%ygrﬁ@m other layers. A
coloP¥RESarr ﬂr élgcfﬁémeluﬁgél Wﬂl%@thgﬂ Sl ﬁlaf%@ h M hﬁda[ £ for i imposing

conpensat i ns, protective |ayers,
cobaymﬂ&1nﬂg©dhphy&ibyém133pamlhﬁy al so be |ncluded W th

t b t tes 11 6 f i | or .
e' hibe 58316 ﬂ@ﬁaﬁ@&se theﬂ@utd%frﬁ%(ﬁ@ﬁyefﬂgi'h'ﬁ% fhRs optical
stafé@ ﬁﬁ&re& 309 anRRYCHOMSd Qpplidasid {19 lé'léétr@ﬂé’ fhadlx. DRYEIdiddén its state, a

have their optical states altered by an electric Tiel
gihvap pbitea (vormesphedieg ect piadieorrsabpixxl. of Bepdinplay gystam il 06) of the liquid

CW§%$E3§@%WW@Q%{%@%(ZCN S Beiedt by s ereateror
les%rXﬁafgﬁ btud@Y §ght éb;l%rws g tﬁl%h@fi &n Ehey POLALdr %@Eﬁt%npl‘a{e 114, liquid

i ght” transnit hrough 't by a greater or 1esser
crysadiyeutle, ahd ghit pglangr of sxmglateh]rl@ug htt@mla@dttm yarying degrees
aeebyefihe R figlp b EpSianrats pad  gpuSe iy heSHion of ne
ligildtcepat g Hﬁtt Mférli»@hf‘ an@ﬁﬂtre?se $hé @ﬁﬁﬁg IsPder@N 0b té§p101ts this behavior

orientati‘on of the polarizers and the optical state of

to pHQeldp@nteﬂqgtrombalﬂy}eontrollable display having different appearances in different
areas.
The illumination device 130 includes one or more light sources 132. The light

sources 132 can be linear, cold-cathode fluorescent lamps (CCFLs). Other types of light

sources 132 may be used, however, such as other varieties of fluorescent lamps,
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liquid crystal layer that the |ight encounters. The

di spl ay system 100 exploits this behavior to provide
w@rooeh1z3989 oni cal | y-control | abl e di spl ay havi ngPCT/US2009/038736

di fferent appearances in different areas. The

il lum nation device 130 includes one or nore |ight

sources 132. The |ight sources 132 can be |inear,
incgpd e darense lighteariBestiedes rpanic bgirramitting diadest gy agher light
so&%&ﬂhgﬁﬁyf9§ﬁg%§gaﬂﬁ¥bbe used, however, such as other

ies o uor escent Ianps |ncandescent | anps,

i ghthe amrmhaﬂi@ dHvdelS0 cah gamide o bagh tref®tdrt1BAITI QR 8eflector
or any ot her ﬁht sources that are found to be
g

134 mav&maespecr:ﬂ@ ¢oion #atifusp reflogioreor paombination spefpdar and diffuse
refﬁ%&lf 1% u]s ﬁﬁ? o%d?'sdbeca-lgrere??&gr fse\f’ H@Cﬁ&ﬁ 'Englghd‘cea%e&?arq{eﬂector

ecu use reflector,
(E S:IO)ﬂﬁ)llrm abaliﬂblﬁﬁ@mlﬂl\&l Coatpengli Hxfatttpesrof fshlﬁﬂ:il@dilffu@l&ﬂectors include
le of a specular _reflector is Vikuiti

poleWé@edSﬁlélé é1f%hsell¥2é?ﬂf€9é1t’%f)al@r$ﬁ) Othpry ?ﬁanm&eéuqfaibﬁf@efr?%qﬁors
1ncm1%§£&g%qro@%%flgl§ & fiBH] E@rgiuﬁ%ng Jle{t&?ﬁs fil s%ﬁsts% 2.g.,inUS.

I nc yImer s ded it sely ré ective”’
Pafear No.od,4%7,948 (Kettnexastpl. g Otladr tghek ol seflecwkd thah diose listed here may

|nclud|ng)n1croporous mat rlals and fibril-containing

be ppgddpr the aclageﬂﬁp@&é%%%we ., in US. Patent No.
6,4 “«§ f I
¢ hag’ﬁte ﬁgﬁgla@%&g&&gﬁr@ﬁgﬁa rgeggaé q 1%&@511‘[0 ha{in Etl?ecltlfﬁ{t%ources

132 pésh‘&mtedrdlr]:&ély beshinethle. LT bzﬁleﬁil Hpllagthsy smbdsmﬂﬁﬁ)tsmaghspiey can

escribed as "direct-1it," havin light sources
incjugls anedpeib HbeniatiBdavieeats Shevth éuori@ (guidqwith gssociated

hglﬁlt][ %Bﬁfce? i %gh méu§y S gfesiﬁﬁﬁ%l\%ﬁ?n? déﬂ@iﬁﬁ% b@ﬂfe%qﬁ %llggla s of the

um nat iron device no suc
InmwmhhﬂﬂsmELated l'ight sources. In general any

i tabl | d di spl
of THechpbyaited, QORQEl el TPHCHPERIYy SyLrU PIgR GRS in the
bagéhght fog B LGESe ﬁﬁﬁﬂﬁﬁ@({]ﬂd&%' l@@lanﬁmggﬁé 118, Tﬂ%eoackhght

kl 1 ght 120 between t 'um nation device 130 and
126 ey L ypden &dr ei;mpleTh diffimekl40ghthe d@isemld0imal bedeny fudtable

. | e The )
aifisey Bt b S Geramplenils st 440 B g divpirosuahls difusing
matirfal B5RhtelidR. HARM NGB ENSHY, (R FRR 9 40 'nHyl{ﬁ&lﬁ@e a polymeric

material or materials. In some enbodi ment s,
maghif bf,![zréym&thﬁl mretha¢rptaidMsd A otiymevarctyraf ahsp@rm‘d phases that

. poj ynet h rmth yl at Wi th
inc e S i T SBOFT n  G 1A E Bt s can nclude
anpeadsicheth GHERCPPRIIAL 68936 5 00TRIsA8 Y il #38I1900ilable from
i ncl ude 3Mtnm) Scotchcal (tm) Di'ffuser’ Film types
3M366Ep3Y, SBEBEL, Minnesoth. 3635- 100, avail abl e from 3M
Conpﬁlru]ey‘tiacﬁtlght Fﬁbj lniayMls%r}Sc ugie for example, a directional recycling film
(DRF) 150, also referred to as a brightness enhancing layer or film. The DRF 150 includes
a surface structure that redirects off-axis light in a direction closer to the normal axis of
the display. This increases the amount of light propagating on-axis through the LC panel
110, thus increasing the brightness and contrast of the image seen by the viewer. The
exemplary DRF 150 illustrated in FIG. 1 includes a substrate portion 152 and a structured

surface layer 154, shown here as a prism layer. The substrate portion 152 and the

structured surface layer 154 may be formed from different materials, or they may be
-8-



10

15

20

25

30

The backlight 120 may al so include, for exanple, a
directional recycling film (DRF) 150, also referred to
W@200/129ght ness enhancing layer or film The BRFUIH09/038736
includes a surface structure that redirects off-axis
light in a direction closer to the normal axis of the
di splay. This increases the anount of |ight. o
comypesd gatherrgmennasiia, andrtbesgmadhiee foampdmenolithgeally gy as distinct
' L:0G .t bri ght ness and contrast of the image
po}é@é&lggik@ lg fgl?lévver. The exenplary DRF 150 illustrated
i N BinGexdmpRAOFUAHSF & aSprxsiatiatbeighoetd dhadd@s Rgel, &hich has a
structured surface | ayer 154, shown here as a prism
numigietf privpiatie g aesr thta edisrct therllammagion lighfdhoueh ssfracken and
rof o IS o bR A QL SR B HELEY be used n he
dispBlysistem, 10ancklideetic VakidtipeBEBNed! BBROIIifihilg af piysnticedHms
distinct portions of a single film One exanple of a
(avpygble §rom ﬁwi (%qﬁamna),bml%p&%% I AKaAcBRE 1 %R/gé) BEfhI1EY 90/50,
unber of prismatic ridges that redirect the
an‘??f%ﬁ%ﬂﬁati on |ight through refraction and reflection.
ExaipheDRHFs nay berriferecdapiag phineksSuemnharndheigdd syenged sidh as
may be used in the display system 100 include the,
beagisiroupslqc d%m@sawrﬁmldér% OffEr sirjqtunes AFrRRRed AN pFG RO dregular

magy Tl QL9 F 68, SRR RP BB L pr 15 YRR o
difDREssis IGpalusB S-80 B rav ith bl ofrais: Kgawa (o fQther gairadidifubers bredBsclosed
o QS R S HETGLEPIR P o,
PP B, #0008 60 L) TS aonp Ol 8 Lk
20BBOTRRI4 awaithapbtenl .r@am Ketfwars@oaypbe @idneeplgaiad structured surface

diffusers are disclgsed in U S. Patent. and. Patent .
layg{fn Py @5}( 3% bﬁkfgl‘.mezi@to%ﬁéare@?wy %rkgecﬁifngal?e)aas in %%si@ﬁsposed on
or gllﬁglirﬁéte alodrfack A2QuBEhud llége@ Thbeads nfaybEGnafed s (aﬁg séitable
1.), 2006/ 0250707 (Whithey et al.), and 2007/ 0024994

trafdfaicnnenteetal down toGhose afiofdinsgrskillnmayhdat, such as organic (e.g.,
icroreplicated stryctyred surface |ayers, or.they. nay
pofé]glerla} BT ety i %-ﬁeﬁv‘a Befdl n Fronsan flaEpoft bR range

of, FbSBARBE:, 8Mo 80 (Y, Bt SWELCHAJ $HES 3G se@ E§ég:8§5f Alfs

| ayer. The beads may be nade of any suitable
approgimsypely 8nd, S8t £0,i1a15, RH.oMS, 120, 2H3S, 45, Hx, 60drandsidi | |

in the art, such.as organic (e.g., polyneric) or }
iRBIEan O5 i U B cor Bb 610 el oo bsel Faifely. the
bireAABYIEEh bihds RE digRe&daf sutsQntifXPaRlsBarcrt. Pmed XeinpR

ot her bead sizes can be used. Beads of radius

cmhppinexisnticdliydep materiabis ®lyn@jc. D2p&diddon the iftend@, usgShe binder
0 i Cr t or an

e 0 ST B LS 0P S0 i
pol-ﬁﬁéiri@ Fhdtdrial {d¥8n adhesive material. One exemplary UV curable binder may
include urethane acrylate oligomer, ¢.g., Photomer™ 6010, available from Cognis
Company. Further descriptions of beads, binders, refractive surface layers, and the like
may be found, e.g., in U.S. Patent Publication No. 2008/0049419 (Ma, et al.)

In some embodiments, display system 100 may include multiple directional

recycling films, of the same type or of different types.
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bi nder in which beads are dispersed is substantially
transparent. |In nost exenplary enbodi nents, the binder
woradoenxk9 i s pol ymeric. Dependi ng on the i ntene@dUsz)e9/038736
t he binder may be an ionizing radiation curable (e.g.,
UV curable) polyneric material, thernDpIastic
polﬁgerlc material, or an adheS|ve mat eri al .

exe $pémyswnb 100:g5nealssi ipgfuge @rﬁghtrrﬁélrm@g Lﬁl@tsr}am@s a turning film
(no?%fﬂ\ln@c;cﬁ %ﬁ&esﬁbstgnt%lly i E Q?Elgmf H? bW stk Poe %% ﬁ‘fclap%?é fhe

I ons O

ambumdﬂnfght p@ba@mhg‘a&)ngurdea@@ dﬂy@mrdmﬂewm li ke may
be found, e. in US. Patent Publication

200@/1m9wmn{ MY cagralsgiinglugqa %tlmw%r% Angi gyiphlp type

I I t

of FURLED il BE L B chdil e A AP RIOE T L0
polayisdredifificelyE sufleativopdlaidingfilng shtlghd ednadudmmlsm:gsefphhm

such as, a turning film(not shown) that does not
polgipat AN grid wﬂeﬁgwmlémqrfi Ghehelggterig seflectygmpdagizers-

I NC t

dost oy ig MGr AR fibu il PHRRERRCERR R St on e
diftdraciimedfiadevainkiet beotetiv et 1pak anéd aaterihBOusuAily pslylrﬂeﬁblnmterials,

pe. of flective polarizer may used,
to ?Fi‘?cttHVFléN%ﬁe jehtaflong ﬂopl&rl(zmn)start%w%ée ttrav%m&a}ggleghz gt
ortgbégnﬁﬁ 1¥ride Bh @fé{é gﬁltﬁ% ﬂf(bli kerfﬂtctf&é é@laﬁé&%‘ar@ﬁes&rlbed e.g., in co-
ous | sperse phase polarizer wre
ownhed Uek: tFatoat Nol 51,882@745 (Jonm ellab) ast 619. Patcef Appiidauen Serial No.
olarizers cont i nuous/ di SXer se %,Ias

61&&949&@%% oTF%W Izé‘@% QP;UN%REF&FQ &Y ¥4 WZER
OPIGMIZED (Yﬁ N n‘égﬁo ng%%ﬁetqllo lgesiu O’UQ a? avallable

usual 'y po yneric terrals, to se |ve
examgbs ofo¥1 Odheflpalva rpoMizem nndtigkt FémmitlTlMd)BEEﬂmmamd ﬂi?gBEF -D400

in an orthogo ation stat SUI
%gyerréf: wLyve velaaa?réﬂ} @*f%@ld%dé&%%f‘cw & E%thgwal %? ffom 3M
Cofifpauped U.S. Patent No. 5,882,774 (Jonza et al.) and

U'S.” Patent Application Serial No. 61/040, 910,
ent Exhmdle’ bOFifuset iR ROUNT p&EﬁhEg:TllerEuR(ﬂﬂAﬁzchﬁRcWﬂ' With the

OPTIM D GAIN, 6412 uso002) . )
pr%%%?quaﬁ lycla@%mnéﬁ@&g@éw e@aéﬁ re Wreem Azers\As described,
. gp% 2 'o%v%éU @qia%@N\{I Luszs k43 pduddBER: 0289 aaath@%'éfy 240Qing

mul tilayer reflective polarizers that ifclude
mudfii by argiolagizsusrah demsxbedhcﬁg) iavcaidvatedd).Sr Batei8 MdCorea 1By 6 (Carlson et

| es .of diff ective palarjz fil .
o1 GERRR SR ikt By oot plaBnd Tl Of derrBed in U
Paﬂeﬁmyd§7§103ggl (M4R¥aj.di sperse phase reflective
pol arizers as described, e.g., in co-owned U S. Patent

No. Sem@25a5ales pDxde rgkldlplolaeltzelaluséful anoédtionsethythe present

o RS RO LB 5L L3P TR, B L R i

grid polarizers are available, e¢.g., from Moxtek Inc., Orem, Utah.

Some examples of cholesteric polarizers useful in connection with the present
disclosure include those described, ¢.g., in U.S. Patent No. 5,793,456 (Broer et al.), and
U.S. Patent No. 6,917,399 (Pokorny et al.). Cholesteric polarizers are often provided along
with a quarter wave retarding layer on the output side so that the light transmitted through

the cholesteric polarizer is converted to linearly polarized light.
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al.). Oher suitable types of diffusely reflective

polarizing filnms are described in U S. Patent No.
W®G2009120988 (Larson). Sone exanpl es of w re griRCT/US2009/038736

pol ari zers useful in connection with the present

di scl osure include those described, e.g., in US.

Pat ent No. 6,122,103 éPerklns et aI ). VVre grid

pol dhe seffestivg polanjzer |l 4 may be fpe-standgia lwﬂlmlax fystem 100, or it

I r I
s SRR oRE B AR TR FRofh aSIRUERRE 4F (BBl f8acr 160
malyﬂiébttdﬁleﬁh@ﬁ&: dﬁ&@qﬂatbem ofthg L.C pa’heUl ®. IiPathenémdéliments, the
793,456 (Broer et al. and U.S. Patent No.

rd%”@i@P@@@“%ﬁéQ€Wﬁ¢eéﬁa§ﬁdY0ﬂ@ﬁ%ﬁb@%éﬂ@c pol ari zers are

"y SRR P Rt oo AT A LR o ABEL Mgy, or
exdrploighn dlh&tlﬁhullre@bﬁﬁg flmalsalidcaesed hsretn Byer dsechrismatic

linearly polarized Iight.The reflective polarizer 160
brighfjpessenhancemspiiig oig g4in 5lf€HS§rp lteassrsyeningeinicgt fungtion, for

s ARORERRAULS, OB, SHSABHUGESy bGP 17
strathealqimﬁnérdilhhzﬁ; iefirther pesatibed Akcinf Theheptto@l filun &70 111119 be

t her enbodlnents the reflective rizer 160
mqsl@ Blidq GrciBHY a5 g dsamtipte swirs. 1 @enqriﬂébmay %g oy aHfablsptical film

7 t :
LS AT KB B Oy PGB
frecitamligs ed ithedyehattashiglhorasneaor othssiddsi to oﬁrer gpticak &iEms or layers in

enhancenent filmor a. galn diffuser. It nmay serve
syshere A 40 When reflgeityeorplarzgr 16 ismspsent igsysiemy eQﬁqcaleﬁlm 170 may

be m‘ﬁﬁtgd bf‘ot%@%seeﬁpagﬁép n[hé ref%et?fvéjﬁléﬁ:z%k d éll eh?Qr &hance the

I nclude a stretche mas IS urt
modkadeal bmj)ei‘t'ezs e the r&'ﬂe:txvpmbtaaﬂzerf Thme:ﬂé@tlvmpolmer 160 alone may,

nmonol jthic o ma de mul ers.
forganplt [k siig sty Len deraoesbe et RiFas i fodlagsystem
100, 3 B oSV RIRFLAQRIERE ndd¥e, ARRHSHAPHEROR Sran @R 0

may be fréestanding, or It nmay be attached on
maonﬁlctuurlngpddhlvsnyd aisd/oasstrhiely. lopicic akadei dprcabfilnh &Y@msy have

st.em 100. . Whe efl ective polarizer 160 is .presen
mee AndGAL PEARCHESS Suc'lvpfﬁ%‘ghenf ¥ [t %rfﬁ UV%Pﬁlﬁ%%éc}%ﬁrtLe
cobR&Hid S&uBidarleHedh@nitNB fo8hdtes Elg}{ﬁicgﬂll}aﬁﬁﬁrg{}e tth@ usablhty of

augnent or enhance the nechani cal “properties of
therrefle@otipelaripal. ari zer. The refl ective pol ari zer 160

al g&ﬁ%ﬁ“d%%gl?lgbmr@yie%é %Eéeé(%ﬁ{p Iaﬁ%gﬁp ﬂvrrtgggcglézﬁ]pf%zer 160

an@fhe ehtr?%)zﬁla?ﬁetq{lccﬁp&%{eﬂtlh gl éﬁtt%lfeﬂ 14t6 21 £ oPALYCpar®BK| N Wve may
icult to handle in manufacturing, delivery,

refamtd/lms agsempblarizénppsigelfilen (dB@E) Iopenecal| their¢fhactivOpotasizer 160

chani cal, properti es,. h that when LS .
and B B NG TP e R D P g B ser g ton Boprepsie HebriTmats ieklisht
forl rﬁocﬁmitfdnqiyqﬁ@ Le Mf&h@rz o€ &Hlel MsplBPYstent P00S 03B tHeGRNLdtN e

i nprove the usabi
polarizer 160 has passed light toward the LC panel from preceding optical elements of the

backlight 120, it is generally undesirable to alter the polarization of the light in any
unintended ways. Depending largely on its birefringence properties, optical film 170, as an
IPOF, may or may not affect the polarization of light proceeding from a reflective
polarizer 160 to an entry polarizer to a degree that affects the appearance of display

system 100.
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the reflective polarizer. Wen optical film170 is

pl aced, for exanple, between the reflective polarizer
was®ars¥4e he entry polarizer incorporated in tPEr/E81009038736

plate 114 of the LC panel 110, we may refer to it as

an inter-polarizer optical film((IPOF). In genera

the reflective polarizer 160 and entry olarlzer

be dbpddiden ©dhe exangdedon B§" 1ot ap peb%ﬁl ldﬁtloqaﬁ@rhet\ﬁ@n a
t
B RO L 50 TR P 0! B Col Y Rl iy i

plaba@bmaeﬁolhﬂlmi ma@bakcontthplatdd, @m@kcdsmﬁs mre@edgaﬂ@mg IPOFs

optical elements of the backlight 120, it is generallg
Wﬂ& BeRst el @plisable fnethosedtugbonsras »vall o apticalfen pagrtonpd between

a p@[ﬂlz?@llﬂl‘ﬁﬁﬂeﬂﬁﬁ M ﬂtlaq)gpo%ﬁges{%éég ??}Ig}{t e%glod stu%seqélent polarizer

ringence proper

malyBfconsidstcd bn IRQF aotveklhfiec t)ptidae fipd @ffthz picsan dideldsin@hproviding
proceedi ng fron1a refl ective polarizer 160 to an entry

berrsi‘éiwam sygh atcen figwidtipmne Bolpriged 1&#%@@@%0%@@&%%8@%@ Yor
ex%q%@,l ?X’CSIV BHIIR WO z’b@@h%i;gzg %@g%gglr@gt fR) ﬁdngWG‘

n optical film
2004003561 i(Benqgin el zBirttt@omnHIGNI Ilnﬁly paoeisideid toQIhll‘ml’ate a optical
scenarios in which _an optic mis placed betwe
filtg d1/8 Peeses apgiprized &mlemﬂnaﬂaewe 28A @ POl EREIsERFILY aérZﬁr

1ncroﬁﬂ)"?£tgdl onb %%Mé 1 Ag 495F We%bh%{dc?%]lla[ﬁ@ u§§9t|e§ c%ﬁg&&%‘?seoetween

Si'tuations a tica m posi tione
refecpiod polaed 160 lanxtrbxt&treﬂ@nt@iel\&% mctusatke, foroodsttets said polarized
pol ari zed |ight and a subsequent polarizer may be
11@@H@W&@§€Hman | POF as well, with optical films of the

pre ?1? génegallstﬁle 9§é"5 agllilg‘g Jgfrp'%ef?terﬂﬁfehﬁﬁ bét@ve%ﬁ' g@laﬁzers as been

confi guration. um nat i on devi ces may e
avaldstmi dgdaysf hfthe l(tmy'mityz of tIRs@@bllpathiHSMEsedn&ﬁ\Mgent films may

06/ 126128 Kk 0 4/ 003631
del(ﬂg%% F i tr0§306 bt ol Jfﬁﬁaﬁi 8° EORSTURPRY
exclge?tlblllé #3%hik AbEina QR GHHRAL st];dngrﬂliaf&‘%rsbeﬁe WG s 1E9h951'r@fﬁggent film

'um nation devi ce and ol arizer (the entry
comeuaMmmmrhldmthe repoitantedlarpantdhe cempensapdmfibng ddjch have wmall,

) nsi de the illustr ted co nent s .between .
tighly posriorls r%ﬁaﬁl@z@luef@@ d arintRERT foany Gt Eﬂ&lzaﬂon of
trahé?ﬁlltteé hiyg 1 QSRRSh kot Ring Al QRIRY d&&%ffekis%&ﬁﬁ%&l@ films can

device. "I n general, the use of highly blrefrlngen
alsnmsettluallcswdné)tl@hmnsspgahtafqrz@ryslulr@badkhglnts avoi ded in

di s In the ority.of these applications,., t

R TR S R R A R
intAx&€ ﬁ§th¥eeoff%9é Fdl Kﬁ'ﬂ’eﬁb Bﬁ?etrﬁal aiff thE A ner iR & HIRS the SRHITON

exceptions to this are in cases where strong diffusers

maanRcalrab Ausdgmenc fihne wdiyplealﬂ}'r stopettedfdiuting cwnsfactce, iaod thao
ori%yﬁgtg# (Prﬁb% ?irprézlu}adn here(%lore fhe mo qec':uli]es(:l 1ncﬁ1|21 é}trrilai)ynstlroinlgfg:sa'ffect the
birefringence of the film. Films can be stretched or oriented uniaxially or biaxially in
manufacture.

Generally speaking, a biaxially stretched film in which the magnitude of stretching
in two directions is balanced will tend to exhibit less birefringence between axes in the
plane of the film than a film that is stretched uniaxially, or in a less balanced biaxial
manner. FIG. 2 is a schematic representation of an optical film illustrating the orientations

of indices of refraction in an anisotropic film. ny and ny are the indices of refraction along
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tightly controlled retardati on values and are intended

to nodify the polarization of transmtted light. In
W@awoteymo t o produci ng undesirabl e col or ef f eceGI/US2009/038736

birefringent filns can also result in | ower brightness

gain for recycling backlights. For polyneric optica

films, birefringence generally results primarily from

orthqa@nlafnrs PRchE incphaae axcs obthe fie, ﬁmﬂyrﬁeis the pages of glfraghien fnHie out-
r
PRSI bR, LA i TP S AL

codrﬁﬁfate(léylst%ﬁi iatthiodisofostideén fuihiioh thar dhret:titﬁf ety drectib€of greatest

nol ecules it includes) may strongly affect the
strggph ef e dd@nce of the film Films can be stretched or

or i

Geng?éa Fef{rﬁ%?r%%g cﬂha‘}/ bl%%ﬁ{é)u alfl%& F‘E Qihgaﬁé{éﬁg {y;ﬂ{cgl refractive
indidtis ©fff ap reximmgy hy@le 6% nstreHic lmdmgz =+ n49Woodidee & highihs calsriul

bal anced will tend to exhibit |less birefringence
apisetanee ihak ecehbetwectperapied oF Prlelmolarizeraadaieyedrat apgles of
incidenSt BARhEF Bin b 0Tkt it i B BREA RO R Bhica
axpifitealPET ifillimwdre tebt @ikdfolgy hligncdrwidnthatkans tid polmdieee s

of refraction in an anisqgtropic film nx and ny are
Fugth@rmjopeyiPEdsfilgts ha@ﬂxgédppr@rba&néefbﬁw% §onbavisg &nvdnywefe found to

f
be e@ II?llélc | ggg%lﬁﬁ f{%lg}dlogﬁ%e ng[re]s ownéesg ?1 ﬁl%roled% ? Véllﬁl t?\ﬁ a%s of the PET

ﬁlﬁl@aﬁeﬁﬁlwl@rﬁad wittithesics on ﬁle pOtarisdets| Fasrrxemm Ellld'l assleesa, it has
coordinate systemin this disclosure in which the x

gerfiralbelqes pssugiodribat ging sheyld polgsse grhaghle Sirclngent dHmdpyrpstween a
refiec*l{)% p \?ggﬁg\géﬁ cl)?tgé{l p%gar#zr oo llgé\?eeff(lls 4 C}J }éy @ﬁﬂ @%re[gwf) E near identical
prappftiedshdratie hMgﬂMetﬁ td the8nicrotlagerd obfolyanre find withln thd reflective

roduces a highly col orful appearance when pl aced
polgirciisplf thas secate the rlleetyq Rlarang funses Sgad-84 Ewe Hatght No.
hdence greater than about 40 degrees.
ig%ngggj %?(ﬁg observed even when the optical axes of
t he GRidrafly kppakipecatosiringay @hbel sgermlvhgnBghtvis dbsetled a&)éﬁpassing
of the .polarizers. Furthernore, PET filns having
thrypghen paiT AinRQURF ST Adebirgtripgent FRQA. @eﬁsztaw,anm@eﬂewe by a
VS l.esS
pa%%glg?gag gnlér ﬁea%sfﬁ%ﬂﬁﬁﬁﬂtéﬁsta&dggﬁ% 1%?;;02 ogE%JI ?IEP%]B‘[S Witiepend on
theqautlethalrhy takbd threghwhd IPOM&haxesrdaficd dierqxht polaziestron skoe of
reasons sgch as these, it _has _generally been assuned
diffosent sperarabersupenepsof tiseran byidifimnemasns; kg @ﬁg te Vprpng
tran RSliob B IRRNE LS4 BEhLYE RILRME S yBUIARE A haphice
reprebenﬁatlolabf hii sogpactal phemmd:na]x irsa pdriiguiamepitysicel dakeis depicted in the
ro- | rs of polymer fi ithin the reflectiyve
Mlgfeﬂﬁ vy Golorirs Diswipiania élpgw Wén?%fwaé«&krl%f@ dsprnsdentsifgts as

weljunction. See, e.g., U S. Patent No.

Biaxially birefringent polymer films, which can have an n, value either less than
both ny and ny or greater than both n, and ny, where ny and n, are the maximum and
minimum in-plane indices, have two angles of incidence in air (£ 05, in the plane of
incidence along the x axis) at which the retardation of the film is zero. The retardance
increases for all other 6 and ¢ directions away from these points (where @ represents

azimuthal displacements from the points, i.¢., rotation relative to the z-axis). For many
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5,882,774 (Jonza, et al). Cenerally speaking, color
fringes can be seen when light is observed after
w@a®eiedy4e hr ough a pair of polarizers and a  PCT/US2009/038736
birefringent 1POF. The retardance experienced by a
particular ray of |ight passing through this
conbi nation of optical elenents will depend on the
filmgthese o zefp Podkeand ¢aneeryrc fines piotored ardatioqy Gamgesecan be
r I f n t
obége(g\gn@gio enF\gln%de ﬁﬂlgqu%/h(? gou?fég#h? l%h tg)o éao?arrl‘% I a%ﬁ Zlge dlgl?éfrl?%ent
IPORLYinEE widansdt & mnbwo@ap br tvith tﬁeﬁﬁa(kﬂd ep@hta:hd: p®per angle. Low
dependi ng on wavel ength. A graphical representation of
ang meélugeﬁgarr%nce Wélﬁémf?mw tP ﬁe%?raa aravelenethp Cﬁh?@?“é AFTyciatsase
colo?s W%Q § ﬁltgh r?tﬁltdaﬁce Va(fu ??9’ g@te dxél% & r(%l}p t%%ﬁe ra%1d

ese vvave epen

oscsmétion @lt@mrﬁitﬂeu hlghfz%farﬂuﬁélﬁﬂltofﬁ)@iv)é[mgthfl | s, vvm ch can
have an nz val ue either | ess than both nx and ny o

gr edhereffepbernthstundprstogd mlﬂythe Viblerod comosgeiic n&pt%ﬁl@htah ghat of
FI(IJmSX :P?%m%en C%qu nf cnycmla(ted Ji rt]rean%rﬁnlcsimgﬁ %ﬂtensa[¥ %ﬂrﬁ\c/:@b ?gm §fick that

1no&idé§l gaiahel abs@bing)poddriZ6h achh atth@qale_,t @fctietict P TOf Ind mWééﬂ e
is zero. The retardance increases for all other g and

polerigerp ekith Beanedetsd filpolmavingexs higkapsstod 12nderenieters and refractive
t d ] ' . .
LR ATe] 8 SPUAFETRDNS, AP L8R e v

thebh@;&@ Wivibh #&h@slp®i (Righ iAdek) QIR GE FHPICT. I’Fhﬂg;%t@ﬁies??zﬁrb eicethgles of
retardation fringes can be observed by view ng

clegptidni(®e annglat ccwgmttlé Ctrhksﬂugmd @mutb@ anrdle e, slr@md theh@rcle) in
refri n
thigporaty piat paeep B S Bl SRR ang e Vi R A Dot
caldBidicd o iatidestanheoVedouas walveleAgh! Bie S8YES &ff invWAYRcaM Gthiksh the
can create verﬁ i ntense col ors, whereas high
@

retprdprged g age, vhichers ometig)cy refeed @ hﬁffm]taé dregigbtove index syonmetry

popfincbBh s POy ot B e EE ke g Rk R g gy = =41

degvedd) CldagtyR@diBle @ﬁ tHEOMIOs S0 @bﬁceﬁtrm FcSoitditeafitihf dtghQind fbva
3. FIG g is a plot of calculated [ight transm ssion

trapypisrien of/light rﬂ@ﬁy gre eenfargdnarguntbihcseharmmaie) Rﬂ:l’été lis%taraiam@l values

mC?ebaI%g { Etlh?(%ségnﬁe?roln% file ?e srayrr]rgné? ?Ibpoan)% a#?rﬁeéigrtnr é:efl 4 aceﬁlf [Thes (bright-to-

brif@drrigriatot &HrE}(ﬂépfegetﬁ fond %Vﬂbﬁ‘g’tﬁ) det@éfceanebtirghtiact i ve
Indices of nx = 1.675, ny = 1.641, nz = 1.4906. The

pol dhp plot ef F%fas%wawécwt@d far mgm@ehrwrtaﬁc fight a¢ 69Qng1. At other
waé}?lorﬁé][géz Zléet %te?x{ ??f\gl%% 919(2 (Siérﬂ Elé% LI cc'al 1fn rtag]l%ts gﬁ% tﬁleT lr;/gvelength.

The aasgiksibE fetiarcdhesjous aﬁcgeaﬁ‘wmlbﬁgthg @gﬂﬁas(\f/hlt@lﬁglﬂ,n\dlll reflect
t he C|rcle) in this conoscopic plot, each Eplnt on
ther qeanbmcsktranemissionrnt g1l avavalenetds ot the irege; siage difeenpsnsetral

components have their maxima and minima of transmission at different locations, a
colored pattern results. In the context of a display backlight, this colored pattern may be
highly objectionable. The colored pattern is characteristically more pronounced close to a
symmetry point. For observation angles farther from the symmetry points, the
transmission intensity patterns for constituent spectral components can vary rapidly with

small changes in observation angle and can lead to a more muted color pattern.
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calculated for incident |ight of 600 nm wavel engt h,

the angl es of incidence at which the retardance is
W@ 2009/12389 ch are sonetines referred to herei n BGI/US2009/038736

"refractive index symmetry points,” are at the points

to the left and right of center along the x-axis at

about gsa = 4 1 degrees. Cearly visible in this plot

ar e Fevsn siadios o€ plotscaf this typa fer filies %@gynra yrangpaf biggfringence

| .

chérﬁ&@r‘?%ﬂr 1&&n\9{th ofﬁs%P\; %H?{)fo %El\?/aé Srggs 8@%@%&%@%@2@8 Qriteria
staddi stitafde &es‘lgtﬂlﬁg 4 hves eolsy IPOH foy up®in $isplipbackkightp D¢ is that the two

adj acent rings (bright-tobright or dark-to-dark) .
SYIREISHE PAHES gﬁﬂéf%\ﬁét %%gbﬂbledwﬁ 18rtbhEEWIng 4nefosod Xigvapg cone of the

a1, P B L HEDC 04 AP FoMRIBOLRAEM g e

ard pregfehtedhdretha MNote tHag ﬂlevlbctdtloﬁ@af the kymmatty poined 4rb independent of
wavel engt h. The transm ssion for a continuous ran

f
fil %hﬁék@ﬁ@t% sceqpdisrisagionyip thet thegpterdapgg of thefijra shoylg ge high
t
enGRARY B, pEARAM SLOR B LiHA AN BT idTnd B B display.

Thandcondnirit@riaaf may baswt w&h ohie @k od iififle héghly bocfihpan Si,lrn@, as

colored pattern res the context of a dis
retprdanqeiigereases with flgy tﬁw%aesgaﬁlélqu fivgy M3y ahogrpyide St advantages,

Okﬂnﬁﬁ}\)e@ ﬂ?e%hﬁnc%?@rf&ﬁlla%rcg d pattern is

acteristic y nore pronounced close to a symetry
poi We ndtorhad ﬁ&eﬁmactntammttgﬂt syninatry peints gononatlh@ot be visible
ymetry points, transm ssion |ntensi patter ns

withy} the yi¥ipg geneo éb%@ép 47> 1 B RETEY SuCant Sy WHF%&H qp for
acﬁ%\tlﬁg ﬁ%’ﬂ rLttafd&ﬁEEQ@gcranhé)pp%%ﬁ’ dn@MB &3 Ehifitdn ? Be {seRth ?long

re muted color patternh.Fromstudies o ots o
thet dynﬁnettwgmlﬂtahreﬁndmssrdmdamg vallraim:ge befzetwl aledg uhn@eahmtlons as

har a [ c al on t h observatjons of actual
Weﬁr Tel%rdifé ﬁgétﬁn gB‘Fl%]P?Sz C Ylﬁb’ll’tgra}nlggr‘iega’g% %ﬂ%l‘ WAy point,
ho%@%?l?ﬂ&ﬂng”enlcé’ %&@t&ﬂaﬂcg%réa‘% tHS Batteal®o Hé\% §¥alue n

e Is that the vvosyrmetry poi nts
prcgnen&matbltlye thatkn b cxﬂtlmiﬁilne within the view ng angles or

vie cone of . the display. Equations describing t.he
|oc§°1hﬁ W§9%%WSH&¢%§&Y&3°¢%?%& %ﬁntﬁ? Fl%%ftrle%@lt film
in & tBLEBENESArIBRIS LRy bl{r\@fﬁﬁgetnlaé‘tTng‘ﬁail 99 §%ﬁr@ﬁ§te@f\m{h%ference to

symetry points are I ndependent of fil hi ckness he
FIGE (Whiclcsqhbmam@hlywsprbmm anmusoabmcd“énnhl gﬁfnetdﬁ,emfarbmw light

shoul d .be hi cep I e.color w
ros G BE A SR B Gy PG R DBFE AR s 494 hr Hovwever,
bec;lgllﬁkegthg %fe%ﬂfft 1l bEGH AL &ﬁ%ggﬁalmb tHd ﬁt%pﬁ%h%oﬁ &efon of the ray,
hi ck, highly birefringent fil'ns, as retardance
the| indicensfasiradtion if therplarie Qrmmgelsa.l ta Hieckeectidn dipwopagptiah ebthe ray

rovi de. ot her adv roved nechani cal .
ord IR O e TR o BtntipB R Bt tap G Ragpin the film
in BXROEHhNe RQnh leQﬁ"n&ﬁ@éﬂcE{ oPOf (tREsWiseliftl <@ Héﬁolﬁhg i€ <a” will

vi ewi hg cone o di splay, I's a necessary buf not
dersuté fn engerin ook d:an(rﬂso‘lxz;str the relevant indices of refraction experienced by the

ray into two orthogonal s-polarized and p-polarized components, ny and ner. ner is the
index of refraction experienced by the p-polarized component of the electromagnetic wave
of the ray in the x-z plane, and incorporates the combined influence of ny and n,. It can be

calculated from equation 1:
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achi eving high retardance within the view ng cone.

Because birefringence is zero along the symetry point
wa@lpeoearivens, retardance will always be zero al PCyUS100%@38736

directions as well, regardless of filmthickness. As

the view ng angle departs froma symetry point,

however, blrefrlngence and retardance increase, the

| attdr a[@@éhavﬁhgaa val ue in proportion to_the

t hi Ckness of fhe,Jz|n1 The symmetry points EGF#E%bnd

to rdys propagatihg through the birefringent filmin

di rections that experlence zero blrefrlngence Thi s

nay be apprecia grence FIG. 2,. which,. .
Wil PER L TR P SH BB S et Hirdipie i i
aloﬂ% RefiRttiorAdbrRkPdddin % o Jyelthetfyapoiftl PRAYBEIABNtINGHRUER derive an

is filmexperiences indices of refraction nx, ny,
expragbiqnzto fingviey given Hedadises afitefreqtiont(icsubscaipt“Sslshoting the
S ortp %on Iy to the propagation direction of the ray,
YPR&"Y Hdi%Ces” of refraction in the pl ane orthogonal to
the direction of propagation of the ray are of
particul ar |Fportance Restricting our attention to a
ray propagafmngawthin the filmin the x-z plane at an
angd@iéP'T__{aeégi of gf, (the subscript " %qa KB -
film "a ote an angle in air) we can resolve
the rel evant |nd|ces of refractlon experi enced by t he

r aye' B tawqre] o ! gﬁ%f%raic"afyp Pro atgﬁglgg arlllang g) %Olfa cTo 1gefr1ngence.

COITp nen re rac

A @?&@%pa@ﬁlﬁ%inh}!r 1h e Pz rp@ina fat &1 Qngleﬁpmaeleﬁcdﬁf ot neith respect to the
ectronmagneti c wave of the ray in x-z pl ane,

and
airifpopiseiasg €Be xiyeplensyiih é@:frqchmt%wé“émoeft apgngla@f Az WhPll the
u d fromequation 1:1 Cos2qf Sin2q H f
ﬁﬂ&%ﬂngg fﬁlvﬁ%ﬁ ny and n f are equal, the ray travels
anng a path of zero birefringence, which is al ong a
direction corresponding to a symmetry point. From

Equ 1ﬂ2®e—ﬁah derive an expression to S
givihf%ﬂe %ﬁ?a*é$£

Qﬁ of refraction (the subscr
denoting the’sy try point): Sin gsf =n] nl - ny 2)
Equation 2. qgsf is the angle in the filmfor a ray

pr OF%@&{aﬂgnx?h nﬁleQ @étE tREre ?%B/%eba! sroﬁftfo'nqg r(DEf fot ¥, but

propagating in’arr e X- l'ane at an a
noi fioc Eqeativa ofor 65 2T vik tdirrﬂfspemisotb atdirettien (&ﬂ p‘re;ﬁaglam)n in the film that

i nt face (t.he ane refr into the film
Cth’EOt agre lafr%e%%ﬁwem e P i ori T boh <o ek
pro%agatﬁl%%ﬁ the ﬁ%gttgsf%ll%xperlence total internal reflection at the film-air

interface. In such a situation, we may refer to the ray as having an angle of incidence in air
of greater than 90 degrees. A film having symmetry points with angles of incidence in air
of greater than 90 degrees will generally meet the first of the criteria suggested herein for
a low color IPOF, i.e., that the symmetry points not be visible within the viewing cone of
the display, since the symmetry points are not visible from air. Films having symmetry
points at less than 90 degrees may still meet the first criterion, as many display
applications require considerably narrower viewing cones. In some embodiments, IPOFs
may be suitable for applications having symmetry points at angles of incidence in air of

60, 70, 80, 90, or greater than 90 degrees.
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For certain nx, ny, nz index sets, there may be a
solution to Equation 2 for gsf, but not for Equation 3
WO 2009043349 Thi s corresponds to a direction of PCT/US2009/038736

propagation in the filmthat can not be accessed by
refraction into the filmfromair. Equivalently, a ray

of light propagating in the filmat qgsf wl|
exp&icsrbedinganipf ¢ pitetehed pobengrddm that raay presideilowhcalor when

usédrge%ée%lp%lar ﬂgrs iy %Hargﬁtéﬂlée?%gr' A dé@@semeﬂ%tﬁg ff(glpov%ﬁg criteria: (i)

ACi QeAcSe I
n I'mga i ?ﬁg«r: eesz zﬁqdf (i, nani>ngo. 6 MRA hYfilRGha) S titﬂced from,
angles o i nci dence in air of greater than 90 degrees
forwxamp@e ﬁeatdungf PhHEan asulstantinly u@lfaXIah@lanmqrt eria
S uQ%‘e%t )p YJI lfalltZ% ﬁlﬁoat%v%rﬁa%es 4rs A 1n(%er ch,%arlze{ Rgtlg/ Il g irn ‘fth reésent

Y W
dls@fosﬁﬂaem} pivaieh edyisecdntiRreyieTrRG! Y, 19@'p[3t$)f@51€u1@@ﬂ hght
visible fromair. Filns havi ng symetry points at less
trapsmainsionindengite dyowehy paselial pbsasking phlerizers grd & silseantighy uaigxially
orlgateg ggrelsc%e(%yPEaf)ﬁlnll %8%1{1 Sd be?\geuelnrtﬁe 0 arlzerse r\’%ﬁl %Eagdeled film

wer vi

ha&iﬁg s hitiaddseof 15 rampcbm@taﬁslaﬁal Sef’mwwgldmmhﬁ 1@80 ntig =at.5838,
angl es of incidence in air of 60, 70, 80, 90
n, grlééﬁ@rFQTH]a%e Ilies @ sxfactipe therbBBMAEN POiBEs aic &ca@ti ehagangle of
1ncE(i)e LIRS aut b l eté{é?{haﬂ’% d%%loe\é& %ﬁnéholxgl r& c%d Bﬁht%n gﬂ;? ﬁldrlt ymmetry
ePMEen of ari zers i's chardcteri ze %

poﬁﬁﬁﬁéﬁgnkbﬁufmkbnmnng crlterla (i) nx >ny > nz, (ii)
nz < -1. and (iii) nx - -0.06. Such f|In1na

be B@%@@é@o ?heéﬁeonﬁcﬁnt%rfm @lovg £olet Ilvﬂ%g epérat the rgtardance be
SO0 el o TR R BE MR AL <pforn

dispragsen hotd:ltﬁalvﬂsgbrneralllilcﬁser’ée mivkddadoloray fibas Bﬁfm@hl@ﬁ rét@rdance
FIG_3, is a plot of calculated |ight transm ss

valugy. EQE parye tlf‘ﬁﬁdb@ FIRETUEN Fedardatiion A ghqldsla of z%ef%loaw&e&t least
aboilt l?ﬁite %Rf%%h%t}‘? Lfﬂétqg( 'tl%! &%e QA 'tl?erﬁe%i of §fe€vest118ﬁla@e aﬂﬁgst Cifbl)ﬁ@ five

positione [ari zers,
retﬁﬂdhmthﬁmglgfrarntdﬂyﬁhﬂﬁgSpcﬁlﬁt ﬂlﬂ@sm whameblr sardédiidns are still found

refractive indices of nx = 1.68 ny = 1,5838, nz =

to e ahjsgionphle. & diflyserimy laf‘e%ddsd tcr @ﬁi»kafélﬁ coler R%@dgwwlgﬁ
meﬁﬁir@ 2 Q{bﬁlahﬂ%gér dgraﬁﬁblgrb @}Ionlléﬁ‘f“l{;sdﬁ{bc %y ﬁtféb&ﬁﬁents,

grea egr ees, I's reflecte
acdeptublct doddr is ysertodyfopHintt h:‘avarge within Weeingi dconéhef ipleadst, retardance
Ret urnlngt%o the second criterion for a | ow col or

valuprepd erpater thag R0 ARe (08 tmar-JAHR 8mp 806N R ESugh §080gnve
90@(5:191?1” Eléﬁ: gal.r g{%rg\ll \tTlQ{Vﬂlgt Qfevi J)iﬁﬁ%?&t BRGL8Re RtardifRWsASLId be

cone 0 pl ay, we hote that we generally observe
grem’tdr ﬁdmcth)dm tvaluas frial rimclidethag hewing rcehesrejhanmpasmlgwﬂa)ptlcal paths

r some use e mni retardation t he
inci Rl & gRIen B0 BB s 008 p sty oty rndipal Viewing axis
vy Gl &9t Hour hfl@rsthifiind HEnE AYSiHshibBR ol dehlEraffan¥d EiMies and
shoulgﬂ%e atrPeas% éﬁ?% PE idhship e e
acceptability for use as IPOFs, we consider ﬁve birefringent films. Two of the films were
formed of PET, two of syndiotactic polystyrene (sPS), and one, labeled tentered PC,
represents a polycarbonate-like film, although these exact indices may not be attainable

with true PC. The PET and sPS films represent actual physical samples. The indices of

refraction of these films were measured and the retardation for light incident in the x-z
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retardation fringes froma symetry point. |In cases

where color variations are still found to be
wobjoeaeivenabl e, a diffuser may be added to nmaskCT/H82009/038736

col or. Retardance nay be neasured by a pol ari neter,

avai |l able, e.g., from Axonetrics, Inc. In sone

enbodi nents, acceptable color is observed for filns
plapgawian galowiteri Allvinbigp abretadionorere thearadpsted e p Algad dickness

12¥ ﬁll&gﬁﬁ%frs &% ﬂ%dg%p%slrgn%? 5%%85) iR ﬁogg)g*gné:gg Igagggr%gpg] 6000

Vi ewi ng COﬂT@’@le (Dbezﬂ;h&fdGSdfraMi% hdidee foreV @iqiig Felensshoul d
be greater than these val ugs may i nchude thosenyvi ew ng

cones enconpassi:pgrat! optipal pat hggignci dent | ado
angl es w thinpd0 . ..38y 60,48, 80, ofsQ0 degrees;to the

princi pf;\l ereggwﬁcglgulgg S. T96J3urther pur, undersii g&dl ng

of the ré&l tmeen ret ar dance val ues and
acceptability FIB‘?IGC{}E% ['P8Fs, we tbhsider i

bi ref ri ngent leIlaﬁi‘stPﬁ'vm of>¥he fil nbk>8ere for ke of

PET Tht warardhticyash fuheiddn af qpgleystiycidenec (sHBS)x-z plade ane calculated

foryf i ) PRBUGHOEHESEDE LS R ég“l’r?r'gfﬂ? ot ipgbianed FET ftm
wa@Bﬁ@ﬁt@@Qélﬁ Wsé ehﬁﬂ%lfﬁg}‘nﬁll Hg Lk ,-Iglsfi'{] g ng{ édirﬁnerfcwl production

represent Betu physi cal sanples. Ices O
of PET fduint Such @fentdtiones fy'pictaﬂy et uittegsumeddcahrichettbren tentered film

etar tion.for ht. in¢ident in the x-zplape was
TRl G B et REBRY Y 48 B8 0 b B R A ogonal

rtﬁﬁieﬂﬁtc%ﬁst}a‘?n&l tb! 'c'@ihé)cﬁnttd“ﬂxl@fé“&? %vhlf'lﬁn s Tl 80REEhS: dfidard film

purpose of clarity in the follow ng conparisons.
tenTabyhenllengtivbasniatenh 1Rai)'r acployal. MaotewdsPS@xhVas rdtastive indices

F | B 82 1.638 1,490 T
bt g s e AT ThiToAuoRks PSP arag) Ol gBS.
1 5%télth5 @é}‘gg Sﬁffe%n%gs SRR fetadBioh Shres bf @?eocw%' Iﬁ?ﬂeﬁlrﬁsp Rurves

The retardation as a function of
50@1 axyl éObcbf Eltﬁc |53d éﬁhlceetardantﬁeo&hq brkalg oneasted REFUCatved 0Rprrosses
ults, are Iotte

se i ndi.ces and t.h S
thej2or s MigbosiiEs agrcas i iabegs it Y DoV S ek GQictgong. this

saREUSRh as fiDk miomldcRYs Ihidke exlﬁ&té(ﬁn% B Rréd ringes that formed
commrerci al production of PET uch orientation is

apprppingad tiyclesotroend the peytaizciactardafivs. Ad0micemaergtick film with

sinifii)ﬂalr o geg%aé §ea'ﬁe(h tlﬁ‘v% E%to 6%@“%5%&1:3&9 d B ey Iloé/atl%rqls Yut
exIGBRSE matnedrd @1&%@9%@@1@1 o6 mae ﬁ'ftﬁ'ﬁmﬁ@d)ﬁge léteMple extended

occurs in a standard filmtenter when
alngst enthacerger cbfsvwm(mm’npl oyildnceTent ered sPS exhibits

ref The ‘P@feﬁl t%at was stretched primarily in the cross-web direction (tentered)
exhibited closely spaced fringes, but the center of curvature was well outside of the angle
of view of the conoscope. Curve 500 indicates that these symmetry points are not
observable in air, showing only about the 6th fringe at 90 degrees angle of incidence.
Curve 504 is listed as polycarbonate (PC), even though these exact indices may not
be attainable with PC. It is intended to represent a class of low birefringence films that
have zero retardance points beyond 90 degrees in air, but which also exhibit low to

moderate birefringence. The color observed with these films can be objectionable, even
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close to that of a true uniaxial film This is due to

the crystal symmetry of the sPS. Note the | arge
waledoparmres in the retardati on val ues of the PEDUPHNI/038736

films (curves 500 and 502 of FIG 5). The retardance

of the biaxially oriented PET (Curve 502) crosses the

zero line at about 45 degrees incidence in air. \Wen

whep eopted withngliBuseaioaties pace these filangshebit hyepd miniay apdgnaxima
int s?t&%?aﬁl nd QA&M&&%{‘&PM&% yghl y colored fringes
at torne roximate circlées around the points of

zer gurekandahd 608 whrcdhdIdul aedmitethetifdieds rhdalsimcoh biaxially
sim|lar indices was observed to have zero retardation

strefelqstandicangtipancdamgaxigyatictshed (teufercdx Himps efed Smbbh filpy were

p R T e e o

filinnigickieses Jof 1TH enidibheterd. Brighell c@l@ﬁedsﬁnmgémad opsdrived witly the 50
in the cross-web directian (tentered exhi bi ted

ml%rloa@éqr yhighbisaiglly sirefglaed sRSfilm. Feom Lnirey S 1tdy eidens that low order
3 a}[éeéﬂser%%ufr A%Sd%%%ets h&palsl ffo?fa Sb'rﬁl%o%et&nﬁlck ﬁlrnyThe tentered

noscope I cat’es that these symmet
filpaad pttealca:rd@ymmtveaﬁmab\habé criy thigh (ErdeISﬂﬂlﬂgtS’Ig all mhgleabbmbldence

t he. fringe at 90 degrees ang nci dence.
OH'bo&ilg?% C@lpé%véﬂola%ﬂﬁél%%f? s r?Qtr@w{qﬁ@ter tE{?Entle{ltﬁEﬁﬁigsﬁstfH’é‘s@ar 75
deé)é 1ﬁﬁaet{@yTﬁEo§an¥éetXﬁé (t)iaﬁlprf!&l 125 LEH)Hf (l?er tfn{ckllle%s would
to represent a ass O irefringence

exHibit mrmch hests, ﬂemhra@s xenishinglyditda nbecrpdile tcslob eyond 90

degrees in ut which also exhihit low to noderate
bi r éfSrC?ﬂB% edrﬁ@n@&ﬁo% %B%Wéta Viieten asestangtiqnpf wayslength

an&)&efgﬂ)l%cﬁl'egal%plc% d@ b tE glevafml@en% ERUBE pl plape of

coating, since t N ex broad m ni ma
inoidext eréazindte) sRletqtnmgdcm ﬂEtSIubﬁSt ca@mvé B0 ini k. 6f the blaxed PET
wavel engt h. Curves 506 and re cal cul ated usin

tratl%@wl%we@gwﬁ%lﬁ@ {RTehres ﬁng}ie%&f 1§P1|d9n“§’t(pe%(b R dlegisas) along the ¢ =
I

20 RRSLL PARER, #BL e (RSN SR AIET N L aion

mo&méed Wizh aedlaofmetienclinveis cusel The averadcainrdsiass widang reduced at

filmthicknesses of 125 m croneters. Brightly col ored
60 degrggeductathe 58 émv@wwl%aﬁ apmea@lss AI1e rtr@ﬁ@‘fvé?wtl Milggs at multiple

Wagé I@ﬁ%{ﬁ% l"l%ﬁh g%foftﬁ%ﬂ? dss Relibh {Ha el ?hc%f He Séglg a%a{sﬁ%l ¢ven though

ow or ri nge observe

it atiegy @ higlsqdei fainkys. fTbe approPriate diffuye serfadehoating ¢dutd hide this
The tentered filmis predicted by curve 508 to have

colgpp Lﬂ‘ﬂgjﬁhﬁ FIH%‘}S“V iR gedotIngnmmyiy, this ugflesaicpgHed response

resmé %h %?reétgme%i u%ld%rve Str Es\ﬁgblﬁ %’é" ARy dihg 7ngﬂceable color.

mcro |ck ntere m near degr ees
anglAe apfles nﬁcbtdem&on dbecrsatie Aeypetandationl poimas, tidbiaxed PET film

ex b SHENGRY: W] 80100 E Al B FBras R FEaophs 1 Mustrated

in FIY 7 HE9 plah 0B frle eng’e ttShcfegkéys SRR MR7HLRRs #RidRnce in this
i PP

unction of wave
plane is very near a zero retardatlon point, which is at about 47 degrees incidence and 0

degrees azimuth. Note the broad minimum in transmission for red light (i.e., at about
660 nm). It is difficult to mask this color with any diffuse coating. The average
transmission for 47 degrees angle of incidence is only 12%.

In contrast, PET films that are oriented predominantly in the cross, or tenter,

direction only (Curve 500 of FIG. 5) can provide much improved optical performance.
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and therefore, the color, can depend on both the angle
of incidence and the plane of incidence (azinuth).
woeaoanedowy to the subject of Curve 502 in Fl G PEI/USI89/038736
biaxed PET transm ssion was nodel ed for three angles
i ncidence (0, 30, 60 degrees) along the f = 20
rees azinmuth. The plots in FIG 6 show that the

Sut:lr gh@sﬁw eldo b geicribpd engibstypnijalyi wia sy orenesd @Y Qifilms. The
cal@ﬁllg 68 t El?thﬂglog ?Iﬂ&gsltg%u%%k zprcaﬁjglg%e 0 Sc@é’n%r %9?0 H%g& rMuth

shdﬁltﬂinnﬂllm B hapre@mpﬁ aghestcd e6lor thapR siffisslt Wobsamemdart any
mul.ti pl. e wavel engths. The color fromthis direction

CO%W%eFWI@%m& ﬂter?@@aﬁﬁo d@%g% at w&ﬁh@rwst@ﬁphswam%@gles
HoweV T, useq hl ! %eagre Il(;tllrr]%?ei‘zi ta Iﬁ?{g&)-%np onattl%rl? Lar uelsq\?athhes of 6,, and

sur ace coa I ng COU IS C

largfc@drgrcks, \whh be b&aln@&/wdhnva&@tﬁr@sryylnnéthbaﬁlytmit@sddrfabise
optical response results in greatly reduced average

t r aksybsEnigHlwaIiudy laerianead ﬁlalspﬁfb@ Prsseitildesclosisrmayspe used as
pag ngar%eyssu(i)t{ahl%bs QLY mggll__:.?%v:nol}sl %{ I mfl%%ee {reeﬁce(? atfl%%t% Fo ngatlble

axe nor e
pr@@és%no%qmﬁ@ame IFoB Eﬁeﬁ’ﬁplé,ﬁfs@ﬁﬁa&d @8y bé tregesd to iftpas a Ifze to the
illustrated in FIG 7 for a plane of incidence at 5

filgegthee materialpmay, berdiapasyd g éfp swdace e peideeontiqal; Aicghanical,
' r a zero retardation point, which is
eb@#%ggo{ﬁmgsféggﬁges i ncidence and 0 degrees azi nuth.
Not a gdbetabtﬁa@duﬁamlmmdntbdt filansay 56 usud iharlamhidtd wmth another
at_about 660 nm is difficult to mask t

Op‘é%lll é&mwr i Hn%\mﬁnamed&%n@@%anﬂ% proppgica pbthggeher ﬁlrn(s) For
S f
%@Q %&gﬂgn axwég?o“ar%&lfeﬁsﬁlﬁiﬁ %%a%rab%ela%lﬁl%'éegiﬁg %‘ﬁe otS bc?tﬂ stdes of a
refLHcﬁd@mlﬁlﬂiHr |t(y enh’ant&ﬂie efcefisnicaktabiiy tHandldiabe il | and/@ Rbbustness
Curve 500 of FIG 5) can FFOVIde much i nproved
trefdeqtive eplrerdn @éil%éprp iF3fPnmay al so be descri bed
as su A ) .
cal %u@%ﬁgﬁélga%\s{%&% | one%lltér%%/ %lﬁ{SI tgggﬂ%e&ggg Sgpétga@for Egﬁ cctional
recytlingiindendsg ai cldfgdappriwes, gam ditfuberséramg ofter Ehlﬁblésurface
represent a very nuted color that is dlfflcult to
strygiaisy B xamele, Ei@ THREChsRRES cressrsepiEnabrisw afjpac @mbesilment ofa
ﬁlﬂg%tg P 9% % iu?('épst ?Vﬁ' 91# de atﬁgeir lée?lnot S[?%rrlné{r?ztg% 9(?) In some
emlbedmhmnesdtmnipycaid‘ﬂm a70ans induategesticadhue polyinet ﬁlrn aulbktrate 972 and
arge retardances, can be obtained with vari

an ag VET L&Y Pyrtefffr Brosy amhadgments, é%ﬂo%tfeaﬂxeriaplmer film 972 can

1nc%ﬂi gkthﬂtl Iyfdr emegfﬁl%{]ﬁl %é' rfﬁlnﬁ'ﬁ@' 3966 of RIG. 9
e used as par ny suita tica |In1 nown i n
malylbe wded in dlsplagagysmglrmahgﬂhwytsﬂenar@o afd?lﬁaﬂ; dnldevapintoassH optical

kngwn jn the art. a its surface y b
filmpy Q%S@ebect 1 SoHpegtion aVIWan@ Wésq bq e U@iﬁgﬁﬁﬁéﬁia&w 0of
FIG®y be disposed on its surface to provide optical,
nmechani cal, electrical, or other functions.
As schematically illustrated in FIG. 9, the film 970 can be suitable for use between

the reflective polarizer 960 and an entrance polarizer of an LC panel (not shown).
Reflective polarizer 960 may be free-standing, or it may be attached to another backlight
structure, such as a diffuser plate. Directional recycling films with birefringent substrates
generally have not been used between polarizers, due to issues of depolarization and

unwanted color effects as discussed herein.
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A substantially uniaxially oriented fil mnmay be used

in alamnate with another optical filmor filns to
weniwanzi®49 he nmechani cal properties of the ot hePCT/US2009/038736

films). For exanple, substantially uniaxially

oriented films may be lamnated to one or both sides

of a reflective polarizer to enhance the nechanica

st abﬁﬂdl&%oseqh Bergine a swhstantiplly apigrisHy pepitsd fiks snayfberysed between
polsfigef S Ep Pt s, 18 Rith3RL YRR LIRS by Aroge s can
be arisntbs Wﬁtﬁte&héﬂhe fastlof Si‘@\bla@iﬁadhgﬁﬁb\yﬁh tetb16dK dreh aviha goifizers.

el ongated prism gain diffuser, or any other suitable
Thg akgra@@lt@?%@Qt@ﬁéxa%l?ut@ka%raé clejegalignment maydpdiegthe

I 0

oG T AR ople iR IR Sp AT RO o L pIELARE fot
axip off diei suBstaifiBlly uniuxsbiyerienteddilmentshe pdse amtstdfalad pdladizers can be

970 can include a stretched polyner filmsubstrate 972
10 gﬁgfegs(prdﬁisk @ra$ q:géwror(j;epgr Insgpme ﬁ:g}bo pendsy fgnay be desirable to align
the R RSt PP rafy SR L The GBS Aoy oiented
filgevidr thk pofa'rllzﬂ’s 9k aed vAthin 0o chgr&s & lemayorlPedagsed or tess. In this

di spl ay systens |jke pl ay. system 100 of FIG /1, and
aligngpends the REMBELTY OIS W Fﬁ]ﬁhﬁw@if‘smﬂbwor Aregisprsed plong the
airled 13y Rty FURRE DRl ThlsTnBBp Rl in FIG
10fil m 970 can be SU|tabIe for use between the

reflective polarl 960 and an entrance Iar zer of
an Lgeé"é ghedc n%xm #hj72 %@%@@@W@l@b@%ﬂ}tﬁ dipo @@rrﬁiry
ta d|
de%aCE(F ?@reﬁ‘l aHm d}fstrbttchﬁ@%s %hg%#%g@gtﬁgﬁé?ggﬁ,eﬁolycarbonate

ght “structure, suc
(PO, pebrpraplyh:lne,r emydodtaciy folyseend, bhaiy otbér suitglen lpolyrneric material.

substr eneral | y have not been used betwee
Th5 apfé%l Feo e inglu SEPIBPIC daish PRty 9§ ‘Bnangfigiective layers,
anty S %%E@an?ﬂhg@, %hﬁ cBatin k%%ﬁ%sﬁ%ﬁ?&&ﬂﬁ@s or an r?’ compatible
I scl osed her el n, bstanti al uniaxially orie

layktsl amcroratyngs ceieusﬂadd fretvie @atepoNar 6, i@ 699 Gilbedc ctepdd). dhlserne

ults. To |n1z ndesi d optical effect
mﬁﬁp n&*awe@@%% §E’# @ Welwde p@furply of gg“ecai Pfé&eaw%%% In
sorﬁé Eﬁb@&lh&ﬂ%dth\é"obﬁca{l RERINACIT A% QT dOfc flaPEVPYRET A8hénts. Any

he ali gnnent néed not be exact, but In general,
sult}ibdxscmtlcal elgnmﬁmtanfuyuseédmg eelbhgat@bpmntm beadg, 1@ﬁslets pyrarmds

undesire t.i cal enbodi nents,
C%@%%éﬂ(ﬁ@gﬁvq ﬁawflggse 05&?@ dﬁfu%aﬂ%ﬁg% m?paucwayer 974 can be

poéiﬂbr?c)&' Iﬁ‘bh}ha%dﬂérﬁr%@tﬂ ﬂnhj'& anehcthsr 1ﬁ@§§et@ﬂ‘&i§3 fméd¥@m 972. In the
pol arizers can be 10 degrees or |ess egrees or

1lhiserstsd ehﬂwémmt ehdbonticablaysr, 974tis dmpoded pdesine@ishesttatched polymer

t h retc Xi S erall

ri g Gt o Sehdhalind A SRR AT MR Ed 7 e
reﬂ’@cﬁbe bh16riRR 08 '"lzlf:ér&ptlcgll 19 9@4 €8n B\é f)&‘lt‘ibnjeg ot RGE 8 B0t major

l ess, or 5 degrees or less. In th
surfaces of the stretched polymer film; altematlvely, the optical layer 974 can be
positioned on a support layer or layers. Any suitable technique can be used to form the
optical layer 974, e.g., techniques described in co-owned U.S. Patent Application Serial
Nos. 61/039637, entitled "Methods of Slide Coating Fluids Containing Oligomers" (Y apel
et al.); 61/039649, entitled "Methods of Slide Coating Two or More Fluids" (Yapel et al.);

and 61/039653, entitled "Methods of Slide Coating Two or More Fluids" (Yapel et al.).
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alignnent, the symmetry points, whether visible in air
or not, are disposed along the direction of |east

WO pioensidsy transmtted by the polarizer. Thi s PCT/US2009/038736
orientation is depicted in FIG 10. The stretched
polymer film 972 can be any suitabl e stretched pol yner
filmdescribed herein, a filmof stretched

pol VeF Ky % fidms 26t B4 aé@ éhquaS) phypisehix sappsitafleny pogeneral,
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Fic l'ayer

attadhed ubléir wblﬁwmdxﬁlnhﬁ bt ayBideddd toayastiutca. rgulnfuncnonal film. FIG.
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polaribadi e fos exdniyde, i Ciddy e ap‘t&fal ﬂMreﬁEﬂtlv ludter as disclosed in
gl urality of optical elwenfa 'enpd

st AwRticatiopmeTialhie £y 049, %&e?ﬁtgled?‘éq\ﬁam%@ COUNT

errenyhsa\@g%\]%‘&% usc\e)gﬂ e. gtr,ﬁmﬁ%gat ed Eétl%s rré; bgglge So.
6412%1ﬂ.$3(19t2)3 OIp(yr[easﬁIdlej she refleeive pohueizss, 1 1d0fchn de bitavhied or larmnated to a

struct ures, ain diff tructures. An opti
Str%lvéirmémercfaﬁl ' b0 Ogwish #1 awaf %1 e 1 Bpairgeh fner film

S ALy L A ol e ) A

oppbsﬂ;tp dsedflpetoxipobirect hid 0sOnehchhcr dd yfivhe refﬂelcm@ﬁcﬂamm h110,
at th tretch olymer filmis hetwee e |caI

angt FFetre ad elameh gﬂ? dfiden Reeatigaegrqrieping Wl’tllh hesive layer

119PHHe Z%Jtlreﬂc ({31501% T ff hgo pPISB'Otc'gR ﬂ%%d%%??ﬁ &1 BB Br films

maj or sur aces e stretched pol yner
deﬁhbed ha’em\/egy,subsltmltlany ugiakiallppaentdd dlmoan be posi tioned
ui tahl e techni

l.ayer or |ayers. que
can® ﬁ@@&tl%n%ﬁasi% thaﬂtlﬁﬁz;ﬁaﬂl%f%aléposg An seighe &d polymer film

t
Qe et M

suim‘bleprtntel @patar hay ek, aigd shaBo tdyarnd asgyitiddi lgore math reg‘éaqu optical
et ) 61/0396 hods Slide Co
laYﬁAB%L?‘) Fﬁ@r é keyeri ﬁé of ?@Qpéwriﬁyeaﬁ 51§P°S%%an eﬁvreé%%%? tm 20 of

Fi€nfitled "Methods of Slide Coating Two or More Fluids”

(Yapel et al.).In FIG 9, filns 960 and 970 are shown
as ﬂlhmlttfahdty)nale{fdm a0y, fhiel strstch laresgafitbe sthgtcledmobymeartfdms 1120

anmﬁ) SRR V1 Fre e o oo o s PGS Al ofpe sretched

IPi?m§ ONsy, desEehnt RoGial i hatil @ta’fm'll& id e ?éﬂe@ﬂ@é polarizer and
Im FI G illsasc hemati ¢ cross-sectional view of

carapiroe»dermha’aglry godd §tffnesy, ifletmabs, handhng T0lQusineso rpd eadurange of
d E?FtChed mer filns, 1l\/thlfunctlonfllmllOO
esil qgeReTy elrglé‘flf‘?}]éneﬂ{ﬁ 4F"Zer 1110, for exanple, a

nul tal haner la%?tdr @@Atmg' thép I'Seezfﬂpﬁ@a 4. stP&&Iféﬁ'p%Wmésﬁlm of the present
di sclosed in U S. terit Application Seria

diselbs @4 OwBIth magritei fpt‘n@eﬂ froranolyAYER tODuND Ve adhesmn between the

stretched polymer film and other layers or films, such as optical layers and multilayer
optical film reflective polarizers. Examples of materials that are useful in preparation of
primer layers include polyacrylates, sulfonated polyesters, halogenated polymers such as
poly(vinylidene chloride), poly(vinyl acetate), polyurethanes, and epoxies. Of these,

preferred classes of materials include polyacrylate copolymers and sulfonated
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REFLECTI VE POLARI ZER W TH OPTI M ZED GAIN, " (Attorney

Docket No. 64121US002). On one side, the reflective
w@oloant®ey 1110 can be attached or | am nated tBCHUS2009/038736

stretched polyner film 1120 with an adhesi ve | ayer
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processability or add other functionality to the coating. Such additives include surfactants,
preferably non-ionic surfactants to enhance wetting of the coating medium on the
substrate; cure catalysts such as p-toluenesulfonic acid and its ammonium salts; slip agents
such as polymeric beads with diameter 0.4-5 micron to enhance roll formation when the
film is processed into jumbo rolls; pH control agents such as dimethylethanolamine and
other volatile amines; and antistatic agents. The latter include conducting polymers such

as poly(ethylenedioxythiophene) polystyrenesulfonate as described in U.S. Patent No.
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(Kelly et al.) and 6,893,731 (Kausch), and copol yners
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Examples
Example 1
In one embodiment of the present disclosure, a substantially uniaxially oriented
PET film was prepared by (1) extruding approximately 1,680 kg/hr of a polyethylene
terephthalate resin having an intrinsic viscosity of approximately 0.6 to produce a 0.64-

mm-thick cast web at a speed of approximately 42.7 m/min, (2) preheating the cast web at
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2007/ 0231561 Al (Pellerite et al.); itonic materials

such as lithiumsalts of strong acids such as lithium
Whe@aiieB49 | ithiumnitrate, lithium PCT/US2009/038736
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bi s(trifluoronmethanesul fonimde); ionic materials such

as nononeric quaternary anmonium salts such as CYASTAT
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resgg m%g,n al so be used Exanpl es Exanple 1 In one
I"ment of the present disclosure, a substantially
uniaxially oriented PET fil mwas prepared by (1)
exti ?\l ng approximately 1,680 kg/ hr of a polyethyl ene
Expmplofit hal ate resin having an intrinsic viscosity of

appPi T S HmEn iR HEQY Gﬁcl%s&e Gfsub%hﬁamﬁhnmiy Hethted

at a speed of approximately 4 (2) preheating
PETHdncwst prepdyedby 00 Exanding tappibximnat@y tltféOd@éltr ofrelpobycthylene
tergﬁr%lé?tp & EI? l%jl)u{]g %{? i%frlﬁg? tlgcé)g{t{SS %Plp%;XIEDia nB%E(Ié Bl(r:"oduce a 0.64-
mrithigk Bk Wit £ §eed aftirBRRR AN 42 G/min, (2) preheating the cast web at
70°C and stretching the cast web a small degree in the length direction, or machine
direction (MD), of the order of 1.17 times the original unstretched dimension, (3)
preheating and stretching this web at 95°C approximately four times in the cross-web
direction, or tenter direction (TD), (4) heat-setting the web at a temperature of 155°C, (5)
relaxing this web 2.5% in the TD, and (6) continuously relaxing the film using a post-
tenter, in-line oven set at 110°C with the web under very low tension to further lower the
shrinkage of the film in the down-web direction. It is possible to produce the 0.127-mm-
thick uniaxially oriented PET film at large-scale (3,000 mm width) with excellent cross-

web and down-web caliper uniformity. Machine direction stretching ratios in the range of
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preheating and stretching this web at 95C
approximately four tinmes in the cross-web direction,
wW@eroovaeody direction (TD), (4) heat-setting theCTEk2089/038736
a tenperature of 155C, and (5) relaxing this web 2.5%
in the TD. It is possible to produce the
127-mmthick uniaxially oriented PET film at
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relaxing the filmusing a posttenter, in-line oven set
pmf"C]ﬂ)@ﬂ(é MDt etndtTIé respbctivelyg and elnyﬂdagev\pltoenmes; M hiegesultant film has

rth | ower t shri
exciRH T L SP B, U o e THOSRVBILSe [PIBFSHG e 16
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of anchtatewnTig bomhnepevlthmhércﬁlmSt guch Whbhixndly diriceted iP&A or

sl 50l gL Bl ol LR L Cof PR g it
coBRRhNeh A RIMNSE ®V¥iaxially oriented PET film and polycarbonate film. Curve
1210 corresponds to tentered PET (TD), curve 1220 to tentered PET (MD), curve 1230 to
biaxed PET (TD), curve 1240 to biaxed PET (MD), and curve 1250 to polycarbonate
(MD). These data were obtained using dynamic mechanical analysis according to the
techniques described in ASTM D4065. A TA Instruments, Inc. Dynamic Mechanical
Analyzer, Model Q800 was used for the testing. All samples were tested in tension using a

film clamp. The samples were heated at a rate of 2°C/minute. The oscillation frequency
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processability requirenments (filmsplittiness) and the
upper end of the range being determ ned by application

w@erharivence requi renents (nmaintenance of pol aPCHEHS10091038736
axis alignnment). Tenter direction stretching ratios in
the range of 3 to 7 tines are appropriate.
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A method for observing dimensional stability in laminates was used for laminates
made with films of Example 1 and Example 2. The procedure followed for each laminate
was: Two 24.1 cm x 31.8 cm pieces of double-strength glass were cleaned using isopropyl
alcohol to remove any dust. A 22.9 cm x 30.5 cm piece of laminate film was attached to
one piece of the glass on the two short sides and one of the long sides, leaving the
remaining long side unconstrained. The laminate film was attached to the glass using

3M™ double-coated tape 9690 (3M, St. Paul, MN) such that the tape was 1.3 cm from the
27-
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Anal yzer, Mdel (BO00 was used for the testing. All
sanples were tested in tension using a filmclanp. The
waea00phiziv4mer e heated at a rate of 2C/ m nute. TPEI/US2009/038736

oscillation frequencywas 1 Hz and the oscillation
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ﬁlmlla,enal{l]lg‘[% pl%esﬂa? Jls?rggp the %)fm of Example 1 and Figure 13b shows the cross-
sectional thickness profile of the height variation of a film laminate prepared using the
film of Example 2, both following the thermal shock test described above.

Laminates prepared using films from Example 1 and Example 2 were prepared and
were converted to fit a 32” diagonal LCD-TV (660 mm x 473.8 mm). Each part was
placed between two pieces of 3.2-mm-thick polycarbonate sheeting having a fixed gap in
the thickness direction of 3 mm. The polycarbonate sheets were clamped together to

maintain module integrity. These modules were placed in an oven at 85°C and were held
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al cohol to renove any dust. A 22.9 cmx 30.5 cm pi ece

of lamnate filmwas attached to one piece of the
W@L@es3239w9 t he two short sides and one of the |BeEIUS2009/038736

sides, leaving the renmaining | ong side unconstrained.
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change. kapigatgarengrad lemggﬁlmﬂ qf@rxanyﬁbﬁskmgvefiwenwéwﬁ@ﬁ dingestion.
w088 SRS, B TR SRR Ve A Okimarery

10 siro Elonmnehie lame xof thel tasta drfastt andtcRRibitpp aBtih@ vedvitesoperpiglicular to
| ami nat e and centered over the tape.. The second piece

thedﬂDgfpfé&% figasinspaEes o lamipate prepaed dningdilan af hagmple 2 were
corﬁg%&"tl et etgindﬂﬂ?aqley\fé) tHe hﬁg Bf){hte QL gt!ll}?éeé% gﬁfi e%iﬁﬁg‘d n(;r thﬁiness in

e san test
eﬁ@ﬁ&&s&hﬁpe | ami nate filmshimglass, in which the
| am nat e m was constrained a three edges and i
subgY laiﬁtheme;serﬁrde@lqw@ahaﬁ ﬁgﬂcwe adustages O%Hf»lgg Aehstangally
SR SROSA COSIESpUSLAG, LRACSl L Sy BTG e

filre} 1 may ,geﬁrﬁlil;cﬁndm&htblnn bacrkaltgh‘(s magarﬂexsmfr\ﬂteltlwn thelgdirs betyveen
. The clip @ H appropr.iate size to ap h )
polaflé%@ QF 8Ot %uI%SF?éltla }ﬁtl’éllax@ Y PHeOteS FENSPAY észmﬁ%%tférﬁw Crgproperties

tha® FlakE BB %ﬁrtaﬁmgggmﬁfto biter ﬁﬁ RIPfilndR l%blﬂ%% Hggﬁ% Uth’)stantially

pOSItI one each on t ort S| aes O
uneachy abontd filfs can prooide bb‘&caﬂ timebgengiedidablelngvha@t@ properties

i ”]%§'§> tween the glass p ate E t he. ngule. The
@dl‘?é‘t‘ ¥ V@F%@sat pleattedrtitacaclibyc 9 drgPnlifeld i er nal
S ho ‘{:jﬁle%g BHHRELisé mqjcedlteds}é%etgnges Jcor"‘lj):a'e}(h%ag‘ NERLAL nﬁ@%c%éi to apply to

er Envi rot roni CS
othm sxtsmttqdelmd:aelmglﬁmg gd4vit &ntha!trplbulde noyoladg unEaxnin 111urnination in their

r ture c cle _included coolin duI 5C,
intprief Eomfr SEVIEREPaY w&%ﬁtﬁ?@ g AbupslFrzed
out%ﬂg EQeﬁﬂ%lbg]ﬁlrcﬁﬁé 1188t BARs %Yg%@ {RARE &I, Gnd Derfrrallif@hBation

Step t C ' owed by holding at that ténperature

devioes demignbfor indeok [ogv mgm¢ beoffieap@roatdooe ussy sd>metgnest1h&rred to as

“largpiBer Pt 8o ARFRC: ASTHES b B G SHrAaP gty of both

opﬁc%@é hﬁ%r%qlrfh!&@‘{f?@%cﬁf? |o§t dff thd PRER ¥R forY hﬁdl b&a%k%ﬂé&b’dre Peferred
am nate fil | owm ng the thermal shock test

to @bogfa} m vilBah sévebetht ﬂhe ﬁ@nbasilzaek mﬂmt—:drs &ﬂ@lp@ktmé]S’SrapsmeBﬂVe Such

t he hei ght vari i on of f|| nat e .pr epar ed
a et 5 VB 1T ndgnded L nindh orhO B, SREbE placed on
opposRE SRIBEHT @R %bcm@;hp HRERS cREPMd Hr6ntQhd Hh& féeleams may be of the
vari ation of m | am nate prepared using t

same or similar construction.

All references and publications cited herein are expressly incorporated herein by
reference in their entirety into this disclosure, except to the extent they may directly
contradict this disclosure. Illustrative embodiments of this disclosure are discussed and
reference has been made to possible variations within the scope of this disclosure. These

and other variations and modifications in the disclosure will be apparent to those skilled in
29



filmof Exanple 2, both follow ng the thermal shock
test descri bed above. Lam nates prepared using filns
w0 ecomiBeanpl e 1 and Exanple 2 were prepared aneCTESm09/038736
converted to fit a 32" diagonal LCD- TV (660 nmx 473.8
nn). Each part was placed between two pieces of
2-mmt hi ck pol ycarbonate sheeting having a fixed

thq ait wHBout [fepa s Sor the seaps vf 8ic Bsciepurcrad gehgwdbp @ﬁé&rétood that
| [

thi§ Hl?&%?ur%’?sr r?ef.‘l"lnﬁ{gaqg Cﬁeqﬁ%tg?(fe %%]bg&h%%%nsgta fns?tg\l‘;lgﬁel% tA%;gEimgly,

theaﬁm(mreels hebelVitited bhis by 7ABe Slaiii @@gﬁied beloke verti cal
direction. The nodul es were stored for 96 hours at
85C. The nodul es were renoved fromthe oven and were
cool ed to room tenperature before disassenbly. The
| am nate parts were then exam ned for distortion and
di mensi on change. Lam nate prepared using filns of
Exanpl e 1 showed consi derabl e distortion. When pl aced
on a flat surface, the diagonal corners of the part
were raised approximately 10 mmfrom the plane of the
test surface and exhi bited distinct wavi ness
perpendicular to the MD of the film In contrast, the
| am nate prepared using filnms of Exanple 2 were
conpletely flat and parallel to the plane of the test
surface and exhi bited no waviness in either direction.
Wil e the present disclosure has discussed the
advant ages of using substantially uniaxially oriented
films between polarizers in backlights, substantially
uniaxially oriented films may generally find utility
i n backlights regardl ess of whether they are between
pol ari zers or not. Substantially uniaxially oriented
films may denonstrate other properties that nmake them
advant ageous to other optical filnms in backlight
applications. Substantially uniaxially oriented filns
can provide optical filns having desirabl e nmechanica
properties with desirably | ow haze at a cost advantage
relative to other optical filnms. Unless otherw se
i ndi cated, references to "backlights" are al so
intended to apply to other extended area |ighting
devi ces that provide nomnally uniformillum nation in
their intended application. Such other devices may
provi de either polarized or unpol arized outputs.
Exanpl es include |ight boxes, signs, channel letters,
and general illum nation devices designed for indoor
(e.g., hone or office) or outdoor use, sonetines
referred to as "lumnaires.” Note also that edge-lit
devi ces can be configured to emt |ight out of both
opposed maj or surfaces (i.e., both out of the "front
reflector” and "back reflector” referred to above) in
whi ch case both the front and back reflectors are
partially transm ssive. Such
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a device can illumnate two i ndependent LCD panel s or
ot her graphic nenbers placed on opposite sides of the

whaorlizyke . I n that case the front and back rePCBUS290%038736

may be of the sane or simlar construction. Al
references and publications cited herein are expressly
i ncorporated herein by reference in their entirety

Whagisclainied igfj scl osure, except to the extent they may

1.

[\

(O8]

N

D

d|r t is disclosure. Illustrative
%%i#%wggﬂgiggﬁﬁﬁﬁﬁgsclosure are di scussed and

refaﬁamﬁﬂvﬁpﬁbbﬁﬁmam&galhgs@@ﬁ&hble variations within

the scope of this _disclosure. These and ot her

var ?étrr:f@h@d Rolymepin hedpg ams-axis i Rigryen olsgreaestisfrptchen z-axis

appar ent [ t

fromt henérg%atl 2(9%?) latshllée0 Fe St%egéshgrg é’ B aneglffh?’ gé]ouﬁgﬁgseé e%ndlcular

under st oasl bbihaihetphhﬁs duns cho©staxes, iveheeh thé Rirtteked poliyer film is

illustrative enbodi nents set forth herein.

Accordlnﬁmvnmﬁﬁé3@$§%¢%@V?EO?§Z@b be linmted only by

t hev&ﬁll epgtI%Ydhgggj g%&%l#@}z iR &té’ﬂa%ﬁg hﬁiex ]s?lmﬁﬂttry point at

optica n1 conp a re ectlve pol ari ze

havi ng a ap asgle aXiiscidenod irnais of et kehe dbpal Gintsgrdes Iwith respect to the

having an x-axis in a direction of greatest stretch, a

z-axi s nérHYINEB XF Pedhe of the stretched pol ymer

film and a y-axis perpendicular to both the x-axis

and the z-axis, wherein the stretched polymer filmis

. | amlhhabpticd 6l o€ clagh lleeherem thob@eteizelrpolywhar f@imis ieolithic.

stretched polyner filmexhibits a refractive index
symmetry point at an angle of incidence in air of at

.| eaghc ahoith; ¢0pdeg eas W é@}&?ﬁ PRE! sftltegc[htgp %)(%ylﬁ% $iltn" cornprlses

an x-z ane. 2. The opti II'mo erei
t hepslycthytoine terpaityatate. filmis nonolithic. 3. The
optical filmof claim1, wherein the stretched pol yner

filmconprises pol yethyl ene terephthal ate. 4. The

. Opt iI‘_E@'ogEbeh RIS ofCd1&LM 1whé’i’@r%ra§f fgﬁwbméﬁt&e} e R tlestretched

y-axis the stretched polyner m and t he pass axi s
of pblynreeffllmcindy thepmisarnkzest ths refegivt hataredooist (€4 than about 10
degrees. 5. The optical filmof claim1l, further

nﬂ?@@?%g an optical |ayer disposed proximte the
stretched pol ymer film such that the stretched pol yner
filmis between the optical |ayer and the reflective
. pol d&he pptical Gilm T elaoptli, Gathef composing hmbpiida] layhiedispased heoximate

opt Ilgealstretcﬁ}/ea poly‘f’rnedlrI H such that the stretched polymer film is between the

optical layer and the reflective polarizer.
The optical film of claim 5, wherein the optical layer is diffuse.

The optical film of claim 5, wherein the optical layer comprises a plurality of

refractive elements.

The optical film of claim 7, wherein the plurality of refractive elements comprises

beads.
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7. The optical filmof claim5, wherein the optica

| ayer conprises a plurality of refractive elenents. 8.
wab@oppposcal filmof claim?7, wherein the pluredT/U§2009/038736

refractive el enments conprises beads.9. The optica

filmof claim?7, wherein the plurality of refractive

el enents conprises elongated prisns. 10. The optica

9. fi | fhhePresaifiviniof clgvar bivherdie thy platadifieel jsfrgtine clememns comprises
and - ive polarizer are lamnated with an
adhggg'ggggﬁsﬁ%n optical film conprising: a

reflective polarizer having a pass axis; and a

stretched polyner filmhaving an x-axis in a_direction )
10of dhegpted] fdyeftdsm b wheggindhe, sfreighedt rolymey flneanst theqeflective

st rﬁg){aﬂ%} PO YBSted (Nltitﬁqan?agexsﬁ,ey- axi s perpendicular to

bot e X-axi's and e I's, wherein the stretched
polymer filmis attached to the reflective polarizer;
wherein the stretched polyner filmexhibits a

1y of Aacantigel filAWeQMBy$ St ry poi nt at an angl e of

Nl qoRagy | Roliterdhyill d RASEGAAYT 60 degrees with

respect to e z- an x-z plane, and further
wheasirgtchdtepdimet filne Haying yimeraxfsi ihm dieopen sfgeatest stretch, a z-axis
pol yneric material not present in the reflective, ,

pol ar i zePO™3 o ARlagsiaf ¢ag stratghierl Pebimsrifdmngnd &y-axis perpendicular
[ ef | ecti g bRl @i £8fis RAYIAY dd by iAddn SRC QRAA PEyymer film is
surfaces; a first stretched polyner filmlam nat

wi th a fattstheddhthsirsfieckiay eolatigert he first major surface

of the reflective polariz seconq st.ret ched

pol YHEFeTH thentrckiicA Resenski iy sehibboher HGHES index |syipatetiy point at
the secopg AT o M&Jng@ & 8 of Qﬁeﬁﬁfab@&tdovfegp&ls Hili#RGpect to the

and an opti ayer disposed proximte t secon
st r et ched-apol ynmen x-z [plareu@hd tfthahert Whersac tredststtehet] codgmer film
pol ymer film.is between the optical |ayer apd the .
refiecti GRMPOICE A PABMCRGBRETIH No4BFFSHHt 1 H reflscdve gplgrizer.
second stretched polyner filns exhibits a refractive
i ndex symmetry point at an angle of incidence in air

120f @tn dpeiasltfilal ocompBEngiegr ees.

a reflective polarizer having first and second major surfaces;

a first stretched polymer film laminated with a first adhesive layer to the first major
surface of the reflective polarizer;

a second stretched polymer film laminated with a second adhesive layer to the
second major surface of the reflective polarizer; and

an optical layer disposed proximate the second stretched polymer film such that the
second stretched polymer film is between the optical layer and the
reflective polarizer;

wherein each of the first and second stretched polymer films exhibits a refractive
index symmetry point at an angle of incidence in air of at least about 90

degrees.

13. A display system comprising a backlight, wherein the backlight comprises:

an illumination device;
-32-
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13. A display system conprising a backlight, wherein
t he backlight conprises: an illum nation device;a

W0 2fobazouve pol ari zer having a pass axis; and BCT/US2009/038736
stretched polynmer filmhaving an x-axis in a direction
of greatest stretch, a z-axis normal to a plane of the
stretched pol yner f|In1 and a y-axis perpendicular to
botHf@ﬁ@“xeHQ@@ﬂﬁﬁ@VWE@liw%%ﬂ%anﬂhe stretched pol yner
fil
pet SR ERRERy PR BRlnd BE Bl B IEEIOEHALRARY dhfich. o oraxi
pol ymer hbinial tovh il e of tieststdhet @oBehdpdllyetd 4 iylaxis perpendicular
exhibits a refractive i ndex synmetry %0|nt at an angle

C

of inci dénbethjthe giaxisgmdghe Fé‘é§t th@tfér@t e@pa@gwé@émﬁl&pﬁsed such
respect #1% tﬂg %ﬁb? L}J ?ahﬁgr %et@Je@He[he %ﬂlﬁg}l&%ﬁ%t?cd%‘g c@and the

system of clai T m conpri si ng
pol ar i zestretehel @ilymét@nsgt r et ched polyner filmis
di sposed between the refl ective polarizer and the

di chihsreén Bt dictchedl polpmnerfien ehabiisay, reflastiummingex sympmeiry point at
13, wher gﬁ @@ o?%fufein?nggﬁ/\%? Bﬁtmhl%as}f aﬁéﬁt%oo(iefg}{ég with respect to the

stretche yner € pass axi
reflectiyaxmahaﬁm2£pMn§ | ess than about 10 degrees.

16. The display systemof claim 13, further conprising
a liquid crystal panel positioned such that the

str [ | ym.pat j.on. :
4 TS SO AT sh L3, EE byl M SR e, wheri
systlemteochedi gilngenafibadkldigpbied bérerei thet tedlebigak polghizer and the
conmprises: a .polarized illumnation device having a
poIQF@?ﬁ?P%H“§¥IS and a stretched polyner film having
an x-axis in a direction of greatest stretch, a z-axis
normal to a plane of the stretched polyner film and a
15y- afths qgripengitaul e cltai’nn tidt whehen xanaxnge ehadzvetehethe y-axis of the

z-axis, the stretche lymer fil |oned
r ec&igehes PIVEFY lira g £ TEPHAIE 1S t %F%fflqcm polaizer is less than

T ypdpabiqebedevi ce; wherein the stretched pol yner
filmexhibits a refractive index symmetry point at an
angle of incidence in air of at |east about 60 degrees

1641 5 gy TUYEY P Of af I 71> WHARE: fOARTARG & bRt et panc
the pysigsiedl @bh 1 xRt §t1%§&1'3§ %o%e)f T8, i§ bR R@AGhd M@mination device

pol ari zation axis of the polarized illumnation
and the liquid crystal panel.

17. A display system comprising a backlight, wherein the backlight comprises:

a polarized illumination device having a polarization axis; and

a stretched polymer film having an x-axis in a direction of greatest stretch, a z-axis
normal to a plane of the stretched polymer film, and a y-axis perpendicular
to both the x-axis and the z-axis, the stretched polymer film positioned to
receive a polarized light from the polarized illumination device;

wherein the stretched polymer film exhibits a refractive index symmetry point at
an angle of incidence in air of at least about 60 degrees with respect to the

z-axis in an x-z plane.

-33-



5

10

15

20

25

30

device is |less than about 10 degrees. 19. A display
system conprising a backlight, wherein the backlight

w@opneywes: an il lum nation device; and a str ePCHEs2009/038736

18at  dhe ghyley eystercefdelae fi7n veicrein egis angla pe

19

20

21.

22.

pol ymer film wherein the stretched polynmer film
exhi bits retardation of at |east 3000 nm al ong al

optical paths incident upon the stretched polyner film
gf,ﬁmt thgy-axis of the

deg t?&?]?eﬁzg?lg@r%pﬁilgogn fth Efaﬁgat?qrﬁ 9)8% @fiat:hrr{ﬂol}\ﬁqezregi irlllurnination

for dtvige tshasssheﬁﬁtwhepb @egryemsr f| | m conprises: form ng
a web of a polyethylene terephthalate; stretching the
web in a length direction by a first anount of about

5 2 B A TSP g e

secamdhﬁmnumﬁl@ﬁm&baui 3 to 7 tines an unstretched
transverse di mensjon; heat-setting the web; relaxing
theaﬂﬁﬁﬁh%1WHém@W%W§verse direction; and rel axing the

WeDb i tlfa%\rgsgl%tép%&i SW %ﬁ{n e?éhﬂﬁ% Ije{ﬂtr&al'ﬁ% to? %P ?e\éﬁﬁﬁ)o nm along

di rection ension 1 n th

di recti oall @hcalTlfmhmbhiadt oporcthai Siﬁe?(ﬂhad\mgfrmrrﬁlhh&t an angle of

resulting stretched ymer filmexhibits a refractive

i ndex sy ‘WﬁeHUPhkﬁﬁﬁméﬁ‘&Hépéeﬁﬁeﬁn0|dence inair

of at |east about 90 degrees. 22. The nethod of claim

20, wherein the resulting stretched polynmer film

exh iAbinbEhodeif atattatg onomicabfilnt eampri3og) ormingd stngicladd polymer film,

optl pat hs |nC|dent up ?n tqg stretched polyner film
Oémafg thasirefehrcalyime film cprisizin about 50

gt §Weﬁg@ags§gﬁ91&at&g@tnﬂ further conprising

di sposi ng an opt ayer e stretched pol ymer
fil stret2ding 'iﬁtewe'teinfmkéngh dideation 20a fif st mtioent afeabpat sS0HE 1.3 times
attachin% t he SH{SE %9 polymer filmto a reflective
pol ari ze n unstretched length dimension;
stretching the web in a transverse direction by a second amount of about 3 to 7
times an unstretched transverse dimension;
heat-setting the web;
relaxing the web in the transverse direction; and

relaxing the web in an oven while unrestrained in the transverse direction and

under minimal tension in the length direction.

The method of claim 20, wherein the resulting stretched polymer film exhibits a
refractive index symmetry point at an angle of incidence in air of at least about 90

degrees.
The method of claim 20, wherein the resulting stretched polymer film exhibits

retardation of at least 3000 nm along all optical paths incident upon the stretched

polymer film at an angle of incidence in air less than about 50 degrees.
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23.  The method of claim 20, further comprising disposing an optical layer on the
stretched polymer film.

24.  The method of claim 20, further comprising attaching the stretched polymer film to

a reflective polarizer.
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