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WD 2007/ 079145PCT/ US2006/ 049428 AN OPTI CAL FI LM
COVPCSI TE FOR BRI GHTNESS ENHANCEMENT | NCLUDI NG A
Bl REFRI NGENT PCLYMER LAYER 5The present invention
WQI478¥14% a bri ght ness enhancing optical fil nPCT/US2006/049428
conposite, and nore precisely to a brightness enhancing
optical filmconposite with inproved optica

properties. Background 10The optical film conposite

di scl osed herein can be used as a device for achieving

t he brightness enhancing and |ight diffusing functions,
especially in a liquid crystal display (LCD) device. In
general, an LCD displays a desired inage on its screen

by AQOFPIEARIIN COMBOSITR r}f@RQiRiGthﬁsg BNHANCEMENT

corls arr e REe AeREdN g PRl et Laver,,

switches for converting video signals which 15will be
provided to each of the liquid crystal cells.

The kl i ght as_ej.ther

o o 16 pisetBRaanrIeR3S By e fiEfifal Efposice,
I t sourc with.respect to,the |i

o b DR e DrigtReRs pgingconsical Hl srbRs BomiBampioved optica
linear light of the lanp to planar light) is necessary
PIRPEHIEe the lanp is placed on the side. But in the

direct type, the light guide 20plate is not necessary
because the lanp is placed under the surface of the

liquid crystal panel. Direct type backlights are nore

wi del y used for |arge-sizeBatlgfyosadi ces such as TVs due

to higher optical efficiency, sinpler structure and

| ack bhe eptieal filmi coatriosite fiselosérbheteinpianibesised ag 8 devigfor achieving

2007/ 079145PCT/ US2006/ 049428 Summary of the I nvention

thEhei ghtess ehhaticied aslight diffwinefinations) espealallyithmliquid crystal display
conposite that includes a linear reflective polarizing
(ECDdevdicé. r &l gdrierabfan In@BrthstszaTmsmd smhgé onite streyeby controlling
havi ng birefringence, which is placed on the reflective

theataishiditigelofilight £0sh DbARESRCUIIOHIAEH plirBistyTlicatEerystal cells
| ayer placed beneath the reflective polarizing film

arbiee@nhiaGabrRnd afflufaliey &1 dotiro SvitBRsifer Sotie it ﬁdb@ﬂ%ﬁals which

is oriented with respect to the transm ssion axis of
vJ;ﬂP%eEy?éJx&é‘d toVéacH%kﬁ{él&LMcxfys{aﬂTbéli% have 00 to 250 of an

angular difference of between the axes. The optica

film ?ﬁ@g&% ﬁl‘ﬁF isQBagsiifeq rﬁg% iBLEHh édge‘i{ﬁ’? bi ag&frg% type depending

crysta dlsp ay. In sone e |nen east
h
élﬂgefsﬁl&@ég%g 'rltgrl)%ﬂ : es tﬁ ?& R&: éﬁbq%%ﬁ{lr@g sttiltﬂa]hgl U In the edge |

t%’? ¢H Lgﬁ%mgg h}/a@f&tﬁcﬁ‘ H&-ﬁ}er@ﬁi%eé;shg%ﬁ;f e p 5 ju é:r{ar P%HS

necessary because the lamp is placed on the side. But in the direct type, the light guide
plate is not necessary because the lamp is placed under the surface of the liquid crystal
panel. Direct type backlights are more widely used for large-sized LCD devices such as
TVs due to higher optical efficiency, simpler structure and lack of size limnitation for the

display surface.
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Figure 1 is a perspective view show ng the genera

structure of a liquid crystal display device for TV
whblohBgogss2 is a schematic illustration of the pep S$2006/049428

conventional optical filmconposite on and beneat

whi ch pol ycarbonate (PC) |ayers are pl aced.

Figure 3Ais a schematic illustrati on show ng one

enbodi ment of the present invention, wherein a

pol yneric substrate |ayer having birefringence being

pl aced on and beneath a reflective polarizing film

20Figure 33 is a schgmati c il ! Hstlr ati on show ng one
embodi ment of the pr 2 FBEENMLr ein a
plurality of |ayers being | am nated by an apti cal i
adhedhe presgpl; discledue arayidasaneptic; fm eompestedhaf iaphpdes a linear
showi ng the variation of the optical gain obtained, in
reflastive pelariginsstilnman first birefsiogentpatigerimsubstratedydrmpemg
pol ynmer are di sposed on and beneath the WD
bir2iige 00 MG EICT hsaaI06T the 9k tive bblacizingsfilpa/| aadiazdengnd polymeric
film respectively, when the optical axes of the

suliitraed lay ergsinéedoissngany the seftectiod poladzimgfiim, di THaissticabakls of the first
the birefringent polyner |ayer of the |ower diffuser

poBi@ericiudbieste 1408 REtiénted With répatetoThe trindnEsioamaly of the reflective
illustration showi ng one enbodi nent of the present

poRkRMAN P b haVRaIab258 of hih htEifsr GRBRINCHBF POvRIeATRSR8. The

the reflective polarizing film Figure 5B is a

opBEN IR dfinpdsitd Thh Bk iRbrdiotel mo%flﬁ?lﬁ&"e%' 18f UHSome

present invention, wherein a plurality “of |ayers being

ok OO Pk E3tes NEaARL R i
oo 3R Mo R bl (P18 O R A R SEL A0S iy

ccordancé™w ion o 1'5s"and
a haze level of the polymer substrate |ayer placed
above, in several optical filmconposites. Figures 7 a

and b are draw ngs, schenmat., cal | t'lbusttati ng a section
of the liquid di sp 1pgo ! aring the

caseg. of using the conyentjonal reflective polar iﬁii n%
fi | nFEYRpLS 2 BeHERertiuee s phoyveing e gerespl siugpre of piliquid crystal
.conposite of the present 15invention. Detail ed

displaydevipei BRTOE the Preferred Enbodi nent

Figure 2 is a schematic illustration of the conventional optical film composite on
and beneath which polycarbonate (PC) layers are placed.

Figure 3A is a schematic illustration showing one embodiment of the present
invention, wherein a polymeric substrate layer having birefringence being placed on and
beneath a reflective polarizing film.

Figure 3B is a schematic illustration showing one embodiment of the present
invention, wherein a plurality of layers being laminated by an optical adhesive, which
contains beads.

Figure 4 is a graph show.ing the variation of the optical gain obtained, in two test

sets that diffusers based on a birefringent polymer are disposed on and beneath the
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Referring to Figure 1 which shows one enbodi nent of the
common structure of a LCD device for a TV, a
conventional backlight unit IIl includes a plurality
WP 2004414435104 20positi oned on the downside, a rB@T@@ﬂW@@“MZS
pl ate 105 capable of reflecting light to redirect it
toward the liquid crystal panel, a diffusing plate 103
and at | east one diffuser 102 to uniformy distribute
the light. In general, the diffusing plate is prepared
by incorporating beads or other diffusing structures in
the materials of the diffusing plate and then extrudi ng
reffectivipdlerizing fithinf faspeotiviely, pihen diceshtiyl ayms| ofithgbrefringbit polymer
di ffusing treatnment such as a bead WO

1380 1Ry %m&&%@@%m%&g%pm&%&&y&m tiROloyR diffuser are

ilm As a constituent i mproving the

rd@ité&,%@@ the LCD device, a reflective polarizer,
such a multilayer reflective polarizing film can be

i nco rlﬂ@ir@t dlsodnschgﬁagb bl Frﬁﬁ?%gfumﬁg ©nk %I‘Al% rhé’r?t of the present

polarl I''mselective

muv? 0 pRREf R iR @éét SRyl ?’ﬁ@%@*@ fS e
Cner dag A B SehepRBe sttt Bidvhe Rt iﬁ'a%ﬁt hine present
R, Whoroh 2 S UprRL S BBy o7 BRI, e adheifle, which

rrultllayer stacked structure in \NhICh at least two
coptainy besd §:aa\dea‘é‘éﬁ’éﬁ%‘le§q Reiag equieRed- 10as discl osed in
U S. Patent No. 6,368,699. Since i pi.cal enbodi ments
at | dagurednis asirapikehpwing diq wariatign of pp%@ﬁrluaag@ﬁe @ceqrdancegvith the
by tensile stress, the nultilayer optical film capable
rogftioppeitke ppiirab gxis apdlad:lﬂizz tavek bﬁog@wgﬁb@rﬁy layi¢s plecedyabove, in
different refractive indices anong the |ayers by
seyparall opticad) fidm copyrosped.at e stretching treatnent.
Particularly preferred nultilayer reflective polarizing
fi | n&Fifares 7handriesentrawinge schemutiaaldy dlwsthtsgd seetjionldfTthe liquid
exanpl e, PCT Publication Nos. WO 95/17303, WO 95/17691,
di¥fdaP A&iZ6 S5, TVENA Tbipadfy tHARaSEIoEAIthE the don¥eridhal2B8ctive
all of which are incorporated by reference in the
ptﬁ&ﬁ’ﬁh% fitialcofiposil end diovefledtBle polaisid Alth @oh@oBNOST e present
mul tilayer reflective polarizer is nmarketed as Dual
inRehted ness Enhanced Fil m (DBEF) by 3M Conpany, St.
Paul , M nnesota. 20Multil ayer optical filnms such as the
above nmultilayer reflective polarizing film my
someti mes warp when exposed to tenperature variations.

PCT Publ i catp&ailble DedQigfe o8 Arfrethiied #5560 MuPGRS S €S

and material's for preventiing warping ol _optical T1ilns
by plrgiRBedo qﬂlﬁ‘:ﬁgsﬂ \Qﬁ‘ﬁh lsHowd G &ni)t"li\}ﬁﬁ{eni) Bf {H%ecommon structure of a
mul tilayer optical Im 1In particular, polycarbonate

DRI 1 2’?23@‘*3%‘?’%@&%8%* oo RSB B foos 104

positioned on the downside, a reflective plate 105 capable of reflecting light to redirect it
toward the liquid crystal panel, a diffusing plate 103 and at least one diffuser 102 to
uniformly distribute the light. In general, the diffusing plate is prepared by incorporating
beads or other diffusing structures in the materials of the diffusing plate and then extruding

it, while the diffuser is prepared by applying a light diffusing treatment such as a bead

P



.

10

15

20

and beneath the nultilayer optical film (see Figure 2).
However, the manufacturing costs are relatively high
in the nultilayer reflective polarizin ' i

W&%O%ﬁ&%gi s incorporated as a dinensionally S?%(E’*Lrtggoogomus

| ayer. This is one of the reasons for increasing the

manuf acturing costs for the LCD device. 5Although there

have been attenpts to utilize |ow cost polyester based

pol ynmers for a dinensionally stable |layer, such

reflective polarizing filmso far has had the problem

of deteriorating optical properties such as brightness.
treztieent padbepolymeE fid®ur e provides a linear reflective

pol arizing filmconposite having | ow manuf acturing

cost &swvonstitpentdod improsiing thebrightnespeiohe d.CIA devisar piefigetive

and 10optical properties when conpared wth
polamizug st¢inared mubtilhpertreflectpel plarizimgyfifnn,| candeniposipoesded on the

The present disclosure also provides an optical film
diffiosep 062t eThdaiflective peldricitgtilie @letiatly reflectk neipdit obmpdrtent having

di splay, in particular by reducing the thickness of the
sp@afik bbBkitatidt dtatedbhd MY leflefBd iR i rétGreetidcsy ik rePédtRRlplate

properties as conpared to conventional reflective .

QthgltMe overall

poBifibAéd &h Bk fehi HF thE BRAAIR tinit hRH $eiRN12BR1, REGFOEPivhsSH
integrating the 15functions of the linear reflective

bridflRkd &f g didoidp and those of the diffuser. The features
n%f tae pregje td‘vdi scl osure can be achieved by placing a

POl Y SRS ROl B NAD Gl ! EEE 8L ociment,
hab D% phlRRIE: K0Skl rDBl REch 0 Rald D AR DL RS S Vstacked,

con e ang ween e transm ssion axi s

os GisPfnt S RARSE o ArbiRRe’ opinchan Bveal rfigeioems Abisast ome
s RS S e B Ty RRIATES ot i
o St e o i 5 R e i

not necessarily nean that the |ayers are adhered .
amoggdhe yersbygiplaking ancampropiatestreteiing Fgaimantof Pagkigularly
term "pl aced" should be construed to enconpass WO
prefpogd ondtilaserarfiespeas)ladgag §lms fyithepregent(invention are disclosed in,
adhering | ayers together by an adhesive nmaterial) and
for' @taamltt,?ftﬁ'f PublécatiogiMgr. WI3CKA3AG, WAYBS/4 76R 1.NY R 94763, WO
an adhesive material). The phrase "placed on (or
95551683 WO 963 834 hand WEQ 8956262 yal hefamhich per mcbmiongied by reference in
di sposed i mredi ately adj acent to each other. "On (or
théspreHida)itn.b eOoe setnmeecialy aphijabies fopmrdiaaatiitilgydrreflective polarizer is
rel ative positions between two | ayers, and thus,
makettd es DualyBrightnets Bshadbed Filre@RBER) lhhe3 MnTainpasy, St.daat]
bet ween the two | ayers.
Minnesota. :

Multilayer optical films such as the above muitilayer reflective polarizing film
may sometimes warp when exposed to temperature variations. PCT Publication No. WO
2002/34541 discloses processes and materials for preventing warping of optical films by
placing a dimensionally stable layer on the multilayer optical film. In particular,

polycarbonate (PC) layer has been used for a suitable dimensionally stable layer placed on



The film"treated to have a light diffusing function”

i ncludes a haze-treated filmand a diffuser, and

conprises a "matte-treated” film of which surface is
YRR el y coarse, a fil mhaving a rough suPFRUS200§/049428

"bead-treated" film having beads nmade of 10pol ynmers or

glass are fixed to formthe |ight diffusion |ayer, and

films treated with other conventional nethods for

di ffusing |ight. The film "having a diffuser
function” may be a filmtreated to have a |ight

di ffusing function by using any nethods used to produce
amal winkdthsbe nauitlhyeasoftieadfitn é=e Fégire 2).n t he LCD devi ce.

15Unl ess nentioned otherw se, "reflective polarizing

fi | mMHowavs, the nhaneicturiref dots dre eelpivedy highnipr PO imthe multilayer

One enbodi nent of the present disclosure can be
refileti vy eslatiying il iR Gvidch PCSE invelporeed as 8 dbntnsdeallyaysble layer.

havi ng birefringence on a linear, reflective polarizing

This i§dndbBthb PeasBn$ R SRty IR ThanuFARSik et RY Se LCD device.
beneath the reflective polarizing film~and then
5 Aé‘.g@ﬁséheﬁi&eﬂﬁwte GeR B&ﬁﬁ?ﬂs t@%&h.tﬁz%w{-ﬁgst ?P%Etepgés\éﬁﬁfoﬂﬁners fora

rate layer wt espec Sm SSI on axl S
: g| | ect: hZ] filmt
ffepapaliE boB R, B2k SR SR n RS Aol B probtem of
dfivmiing s OETE w o A BREBIRIG 111 conposi e of
pol yrE oS PR Heyidins o Teh e eytisanty dBn sambosic

| ayer 301 | | aced on g, reflective.polarizing,film 302
hayie lovemiaphific e Ronts vlartpyising Sylar onmPoYSl paliayprpig and
beneath the reflective polarizing fil X . he ]
10 opiup] propegies gt ORBIED V] Lt e Rojarigseg film composites.
optical films, including nultilayer filnms having a high
r ef | kg Ripsspt disglosureglapnenidesan cptical fbmfprapasite dpat can reduce the
|l ayers, 5all or some of the |ayers being birefringent i
ogralhihickness ofibeslisplaye in mr@ﬁ%labé}' rfgiuicgkgtt}%@ Biiejnesgptjthe backlight
conti nuous/ di sperse phase optical films. Miltilayer
unib falleghile/maibysaining supetiorsordical properting atissmparpd ts eopiratienal
reflective optical filnms both rely on index of .
reflettiacpilanzidg flmrconuesitbet \Eesn cat béd amsmplisbediby imegmting the
materials (preferably polynmers) to selectively reflect
15 funcdons afthatinkaasfledive pobdrixing filmh and trdse of e diffusddpt i cal
films that are especially 10suitable for use in
conpCEid featipés dfithe pregstlisclivsned amibecadhiwied by pladihg h pybiester
reflective filnms such as those described in, for
bk pplyenerMavingWitdfaaddron (Maser 1R RiiychiBdhate Q) inkoRdn-
WO 95/17692; WD 95/17699; WO 96/ 19347; and WD 99/ 36262,
bigéftin@énosh bf Bheliear RERYCHOE pbREIZIVRIEIM) aBY by &I Contddling the
filmis preferably a multilayer stack of polymer |ayers

atfilé BettveBh NS snaRGhe axik BE ligROWRich padek eltohgl HHRGEAPGRe polarizing
of p-polarized |light 15goes to zero) that is very large

20 filh ah@ BRXdsHANAxis SMBelbilefihgentBS MR /eR plibd bh ®efilm. The

mrror
birefringent polymer layer may be one freated to have a light diffusing function.

=

The terms used in the present specification are to be construed as follows:
The term "placed" does not necessarily mean that the layers are adhered together by an

adhesive or else. The meaning of the term "placed” should be construed to encompass
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or polarizer whose reflectivity for p-polarized |ight

decreases slowy with the angle of incidence, is
woYdengefgnt of the angle of incidence, or incr %906,049428

with the angl e of incidence away fromthe normal. 'S

mul til ayered optical filmhas a high reflectivity (for

both s- and p-polarized light) for any incident

direction. One comercially avail able 20form of a

mul tilayer reflective polarizer is marketed as Dua

Bri ght ness Enhanced Fi|l m (DBEF) by 3M Conpany, St.

w.Paul . . M.nnesot a. ltilayer reflective optical filins , .

et b e B U a8 & eadtepti orptidf pad hstading! e,
.Structures of the opti,cal film conposijtes of the

st l¥§@ﬁt‘1m& laygrs yjihout ysige an adhespen PABHAY: substrate | ayer

. 301 having birefringence is preferably a WO .
20071 by phuselmacsbon 6rrdeoank) sioey net racesraribymsan Jayers being
(e.g., PET), and such polyester based pol yners are

dispeseall imynedietsty adjatent tseach cdhdyi akOal(oshbanead! bgconstiued simply as
The birefringence of the first polyneric substrate

indieatimp the reladvé podifienstiebwesnatwerlapérs] amdiethugfanother dykr suth as
bet ween two axes perpendicular to each other in the

adidsaree cah behgtefpositionpé byfwieh ehétilslayaise | ayer. The i ndex
50f refraction difference between an axis having the

hi ghgh¢ fildeeart tb @hves it gisna Rudtion” Milhded o iie-treated film
| owest index of refraction is at |east 0.05. An optical

and¥ dfieer, lN@ o%%;)ﬂ'@E E@m%ﬂ@-%tefaﬁHe Ay 6f wiRARSrfAke Athade minutely
havi ng the snallest index of refraction difference with
- . . "
R S

axl s ex of onin the

roFBE B0 e O 65 B RO s vt
coB R AR B8y L " ekncss o espondi g 1o
0 o5 RO AU b AL PR e

iR TSR By e AR L P (A PIRS f I gepouch as bead tretment,
. preferred, Further, referring to Figure 3B, the first
in Yg1 kfRde¥icessubst rat e | ayer may be | ani nated on the
reflective polarizing film by usi nlg an optical adhesive .
304. Unlesamaptigned ptheaisadmellqolive pelapiging §lm smgansq Jingaggeflective
an optical adhesive and beads made of gl ass, polyner,
poleriging gy be added to said optical adhesive. The
second substrate | ayer 303 may be any pol yners capabl e
of pPesembodimnerirgfithgprssent Wésciashiecenn heeaghisivad byiplering a first
film and preferably polyester based polyners. In
pobMdricssubsaizate layer havingrbirefringenes o adinbay, reflestivapelariamg film,
or may not have a haze by a matte treatnent or other
pldcmmmsavend pdbyraerts; subktrate ldyss bendath treatfectog fodaerihgfibh, and then
Is at |east about 20% Further, the second polyneric
orisutirgg thatopticalyaiis nBthe first poiymereshttsorateHeyarefitieodspe to the
polarizing filmwith the optical adhesive 305 and the
transthissioneximgf the reftectine polarringi fiinbeddse an\ABpular difference of between
2007/ 079145PCT/ US2006/ 049428 When | am nati ng

0° po2y% ahd préfacdtly pOOYtoEYsS. on or beneath the reflective
. polarizing film the optical gain of the polarized

| i ghFigukeBAITE htselﬁerbatidihﬁstfﬁﬂoh%bwﬁﬂ% SRLANPEE MeRt #Pah HRical film
reduced as conpared with optical filmconposites in

cobbsite BX0Re présehf 4i8868&1re PORYERHDy &Y BighRCTA, alhkst pSFheric substrate
occur particularly when the polyesteéer based poFyrrer
| ayer placed on 5the upper side of the conposite film
has an optical axis oriented in a manner that is not

6
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coincident with the polarizing axis of the reflective
polarizing film Therefore, it can be inportant to

arrange the polarizing axis of the reflective

VRRYY0Z914Y fil mand the optical axis of the poPgEAIS2006/049428
based polynmer, the first polyneric substrate |ayer

havi ng birefringence, in an appropriate angle. 10Fi gure

4 is a graph showi ng gain as a function of rotation

angl e between the optical axis of a diffuser based on

PET and the polarization axis of a reflective

polarizing filmwhen the PET is placed on top of and

Il @f‘ﬁﬁt 1 pldtedopfd Rekbiee RAhRih ma 3obl i Aseb6id YRk substrate
acing-a diffuser based on on the reflectivé

la@@ﬁ%& 'ﬁ:’f% ﬁll:lcﬁé:«ﬁﬂ @re%lg e iél‘fﬁm%!fﬁﬁl ng a diffuser

ase beneat ect ive polarizing film

B R o
oL L SRR A el i oo
S8 D o SR SR g s,

confirmed in the graph of Flgure 4, the rotation, of

anskepnlRURYs/diSperse B ﬁf’zﬂ’é‘Falrﬁ]E@ed Myftitaygr efleepe optical fi s and
reflective polarizing filmhad nore significant effect

caginnavs/disperse phaseaniledtivermptioalifilmsdot reli o indaxcafinirasiion
film That is, it can be understood that the

differensgebetmecn it legst thiordiffeientiaterislsl (praferaplyapapmers) theslectively
reflective polarizing filmis nore inportant than the

reflectiigs of nt lepstiowt folariratibn brientktion. hi ©ptiej dilohs thdtare especially
angul ar difference U between the optical axis of the

sdfitabbt fop aby/imerdrnepasits bf tieqrésayedisdoslire heclideamsttilswir oeflective films
axis of the reflective polarizing film WO

. sutB MRS 1ebEHdUIn 200 Gk i PIe 2 BCIT v it dti yeNGs.| WE95/1 3303 GO

0 to 25, preferably fromO to 150, nore preferably from
981176912 WOMD S/ 69 WO 980 06/198£7;nandtWI0egHB6262, all of which
optical filmconposite within such angl es shows the

aﬂem&y&atﬁnﬁa&aﬁt@rﬂeﬁre&el NThE 1Ak & traBB" DR ferlstlk of

previ ous opti cal | m conposite. he "ot her hand,

p&lpﬁlef: lefyets Wil atﬁl%w&%? QH%Ie e ROk YHBI vﬁﬁ@f’feﬂ%ﬁné@&‘f’ﬁ-ﬁolanmd light |

aced on and beneath t reflective polarizing f

g@é%QQ L8y %aft ‘?S § IE{g@%? AbndiS&HOS Hihg ﬂlﬂ'b’lsfn%tlhﬁna ﬁlﬁ]étﬂaycr mirror

dinmensionally s layer preventlng war pi ng of

AT M) TR g o
ingpcfeh&? ftﬁeﬂ%&d%ﬁ? f{hte%n a3 '1E§d£rE€Ff9ﬂnEx%?«seé§tm?gﬁme Oanlgle of

oI arizer

i e TR
AT . e Gk B Pl A B i

Iam

e A h R et it o habd e R Rk Bubanced Fifm
([élé Uy ﬁy gﬁgﬁ%&ﬁ%vﬁn MPP%"C?%]BF : qulayer reﬂectwe optlca.l Elms are

used herein as an example to illustrate the structures of the optical film composites of the

present disclosure.

The first polymeric subsirate layer 301 having birefringence is preferably a
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PET type Adhesive Cycle # PET thickness (/-un) Warping
Cl ear PET Acryl ate based optical adhesive and gl ass

wbeasis7649 pm 100 122 No Acryl ate based opti
TV nd gl ass beads (50 pm. 100 120 Mo ARTYYSHs0as

based optical adhesive and gl ass beads (10 pm) 100 185
No

polyester based polymer (e.g., PET), and such polyester based polymers are usually
prepared by using a biaxial stretching method. The birefringence of the first polymeric
substrate layer is due to the difference of index of refraction between two axes
perpendicular to each other in the plane of the first polymeric substrate layer. The index

of refraction difference between an axis having the highest index of refraction and an axis

“having the lowest index of refraction is at least 0.05. An optical axis of the polymeric

substrate layer means an axis having the smallest index of refraction difference with the
polarizing film 302l and typically corresponds to the axis having the highest index of
refraction in the polymeric substrate layer.

The first polymeric substrate layer may be placed on the reflective polarizing film
302 in the thickness corresponding to PC layer, which is typically placed on the film as a
dimensionally stable layer. At this time, the first polymeric substrate layer may be haze-
imparted by a matte treatment or other known methods. When haze-imparted, a haze
level of at least 20% is preferred. Further, reﬁ:‘:rring to Figure 3B, the first polymeric
substrate layer may be laminated on the reflective polarizing film by using an optical
adhesive 304. An acrylate based adhesive is mainly used, such as an optical adhesive
and beads made of glass, polymer, etc., may be added to said optical adhesive.

The second substrate layer 303 may be any polymers capable of preventing
warping of the reflective polarizing film, and preferably polyester based polymers. In
this case, the second polymeric substrate layer may or may not have a haze by a matte
treatment or other known methods and, if it has, the preferred haze level is at least about
20%. Further, the second polymeric substrate layer may be laminated to the reflective
polarizing film with the optical adhesive 305 and the adhesive may or may not contain

beads.
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Matte PET Acryl ate based optical adhesive 60 140 No As
can be confirnmed fromthe above testing results, in
case of using PET as the WO
VWROBPIBPISU5PCT/ US2006/ 049428 first and the secBRBUS2006/049428
pol ymeric substrate |ayers, the effect of preventing
war pi ng can be al so achieved |ike the previous optica
film conposite using PC As a result, it can be
found that optical film conposites of the present
di sclosure (i.e., using a |l owcost birefringent polyner
i ncl udi ng pol yester based polyner as the first 5
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bPRAH QIR REFREIPRHIth loBfical film compU3RePIBRRRh rdnIGtIS et polymers
is further directed to placing a first polyneric
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of a reflective polarizing film Referring to Figure
bigghringence.iganspRIoRIisicangdlest rat e | ayer 502, on which a
l'ight diffusing | ayer 501 is placed, is provided. The
| ayeddgB0 ¢ ia gEramipshoyjes Bein as afunstian ¢f retatiopfangle bedwyeesn the
511 functioning as a diffuser. This diffuser sheet 511
onticabidsefia diffuser based oniRET gl the pelanigation axis 0 aaefiecsive polarizing
second substrate | ayer 504 is placed beneath the
filne vber theRED td plated erytopidfiand d8ncafDiivaeflectite pdiryaing fitm. A
substrate | ayer having birefringence 502 is preferably
testinpodey platimg ddiffadeinisydren PEThea the kefieetive polubizingafiln and a testing
| ayer having birefringence can be placed on the
set plakidgta diffuga based o @EM Yefedil $hd reflaci W sHBASag film were provided
corresponding to PC | ayer typically provided as a
arill AWR150 A0 A ds\plsdedWneth aFﬁé’mibEt bt &f ddehGkNesive polarizing film in an
corresponding to the polyner |ayer placed as a

anplDbt @pﬁaﬁﬁétﬁéorhgmtt Bl ®e tiahéHfRA. (0NHhe IR choHRElifs set, intensity
substrate WO 2007/ 079145PCT/ 1JS2006/ 049428 | ayer

of 18tk RendMhiiell biyiHE RGA 18REY R8s Aadhed B*‘ BefeRtdt. | a%8hesult is shown in
formng the diffuser sheet 511 as well as the

FighsEeNsi Q0@ pe sddihRdlia el grgglgxﬁﬁfghfwwmé P6tA8oRbf IHRPET based

reflective polarizing film
diffuser layer placed on top of the reflective polarizing film had more significant effect

than the rotation of the diffuser placed beneath the film. That is, it can be uaderstood that
the arrangement of the birefringent polymer placed on the reflective polarizing film is
more important than the arrangement beneath the film.

In this regard, the angular difference 6 between the optical axis of the first

polymeric substrate layer and the transmission axis of the reflective polarizing film’
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The pol yneric substrate |ayer having birefringence 502
is preferably treated by 5conventional nethods for

Wiy Ra67iog a diffuser, including for exanple a
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the reflective polarizing filmis diffused on the

coRipokee of the beads or in the beads. As another
specific exanple, the light diffusing |ayer 501 can
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not treated to have a haze (preferably at |east about
wiglgpomman ontigat adliesivesi ng f uncti on. " Referring
to Figure 5B showi ng one exanple of the present
di scl osure, the first polyneric substrate |ayer and the
second polyneric substrate | ayer can be | am nated on
the 5reflective polarizing fiabde by optical adhesives

. 6. —The optical, adhestvecay e agrytate igsed 5
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Matie PET | Acrylate based optical adhesive 60 140 No

As can be confirmed from the above testing results, in case of using PET as the
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that of the optical film conposite on which polyner

havi ng non-birefringence property such as PCis placed

due to the aforenentioned reasons. Accordingly, the
W 2W9ERT1#hvent ors have found that the optical BETHS2086/049428
be i nproved by precisely controlling the polarization

axis of the diffuser sheet and the transm ssion axis of
the reflective polarizing 15film and furthernore, the
optical gain can be synergistically inproved with a

sui tabl e haze treatnent. The- above effects

have been confirned by experinental results as shown in

firfedidethd séindWolderidsibsgaicdafers, inE effedt@previdnfinpamrping@an be
as the polyner having birefringence. A PET |ayer having

awboachmd@iketm@%xreefdu%i{tiaﬁ Rl @rh@dshie ukingPE.No. 1) and
the diffuser 20sheets 1, 2, 3 based on PET (Nos. 2, 3,
4) hayd X 0 0 0 .
A J‘&s{f@,’zﬁcgﬂcﬂgﬁggg{éagg?ﬁg%l Jﬁﬂ%ﬁxp@ﬁt\eg &F the aprcsent d;fsclosure

respective wer e the vari-ation o

R TS O AR 505 o
roRGRERS RS RS P bl T Bt b one

are s rized as f.oll ows; . . ‘s
sy JON SR PR RS0 P e zprvious fghnologs il magipfaining or
.+ reflective polarizing fi| m+ upper |ayer
imprcawgwwvﬂé@mgfan#wﬁe%pr&ﬁ%@w MgpEtEdvel of the

upper_layer (% 1 PET + reflective polarizing film+

PET Jhepresent disglosure és fusther dizeqied tor placing arfishpalymeric substrate

- di ffuser sheet 1 99.7 . . . .
layer having birefringence and a diffuser function, on a linear reflective polarizing film,

and placing a second polymeric substrate layer beneath the reflective polarizing film, and
then controlling the transmission axis of the reflective polarizing film and the optical axis
of the first polymeric substrate within a constant angle.

Figure 5A is a schematic illustration showing one embodiment of the present
disclosure, whereby a polymer layer having a diffuser function (diffuser sheet) is placed
on top of a reflective polarizing film. Referring to Figure 5A, a first polymeric substrate
layer 502, on which a light diffusing layer 501 is plalced, is provided. The layers 501 and
502 together constitute a diffuser sheet 511 functioning as a diffuser. This diffuser sheet
511 is placed on a reflective polarizing film 503 and a second substrate layer 504 is placed
beneath the reflective polarizing film 503.

The first polymeric substrate layer having birefringence 502 is preferably a
polyester based polymer. The polymeric substrate layer having birefringence can be
placed on the reflective polarizing film 503 in a thickness corresponding to PC layer
typically provided as a dimensionally stable layer or in a thickness corresponding to the

polymer layer placed as a substrate layer beneath the diffuser. The polymeric substrate
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95.8 3 PET + reflective polarizing film+ diffuser
sheet 2 93.2 60.2 4 PET + reflective polarizing film+
wo JobHesisssheet 3 93.5 62.5 The experinental r
the tptlical filmconposites of Nos. 1 to 4 ar elﬁ(g’@‘llgz%oa&mzs
follows: 5Table 3 .Angle O (*) No. 1 "No. 2 No. 3 No. 4
0 1.653 L734

layer having birefringence serves as the substrate layer forming the diffuser sheet 511 as
well as the dimensionally stable layer preventing warping of the reflective polarizing film
503.

The polymeric substrate layer having birefringence 502 is preferably treated by
conventional methods for preparing a diffuser, including for example a bead treatment
method fixing beads such as glass or polymers. As one specific example, a light
diffusing layer 501 including beads is placed on the polymeric substrate layer having
birefringence 502. The beads disposed on the surface of the first polymeric substrate
layer have a shape of a granule and are adhered to the surface of the first polymeric
substrate layer by using an adhesive. The beads have refractive index different from that
ofair  The sizes of the beads adhered to the first polymeric substrate layer can be the |
same or different. Polarized light passed through the first polymeric substrate layer via
the reflective polarizing film is diffused on the surface of the beads or in the beads. As
another specific example, the light diffusing layer 501 can consist of the beads and a
binder. The binder has fluidity and viscosity and the beads are q&ixed in the binder. The
refractive index of the binder can be different from that of the beads in order to further
improve the light diffusing characteristic of the light diffusing layer 501. The lighf
diffusing material consisting of the beads and the binder is disposed on the surface of the
first polymeric substrate layer in a form of thin film. The beads and the binder in the
light diffusing layer 501 disposed on the first polymeric substrate layer in the form of thin
film diffuse the polarized light passed through the first polymeric substrate layer via the
reflective polarizing film.

The second polymeric substrate layer 504 may be any polymer capable of

preventing warping of the reflective polarizing film, and is preferably polyester based
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1.653 1.642 2 1.649 1.747 1.646 1.651 4 1.647 1.753
1.627 1.659 6 1.64 1.752 1.609 1.661 8 1.633 1.744

1.574
WO 2007/079145 PCT/US2006/049428

polymer. The second polymeric substrate layer may be one treated or not treated to have
a haze (preferably at least about 20%) or a light diffusing function.

Referring to Figure 5B showing one example of the present disclosure, the first
polymeric substrate layer and the second polymeric substrate layer can be laminated on the
reflective polarizing film by optical adhesives 505, 506. The optical adhesive can be
acrylate based adhesive, and may or may not contain beads such as glass or polymer.

In one embodiment, when the diffuser sheet based on polyester based polymer is
placed on the reflective polarizing film and the polyester based polymer layer is placed
beneath the reflective polarizing film, the optical gain of polarized light passing through
the optical film composite is good in certain CF‘:ISCS, but in most cases, it is not better than
that of the optical film coinposite on which polymer having non-birefringence property
such as PC is placed due to the aforementioned reasons. Accordingly, the present
inventors have found that the optical gain can be improved by precisely controlling the
polarization axis of the diffuser sheet and tlie transmission axis of the reflective polarizing
film, and furthermore, the optical gain can be synergistically improved with a suitable
haze treatment.

The above effects have been confirmed by experimental results as shown in Table
3 below and in Figure 6.  For a test, PET was used as the polymer having birefringence.
A PET layer having no haze on the reflective polarizing film (No, 1) and the diffuser
sheets 1, 2, 3 based on PET (Nos. 2, 3, 4) having haze levels of 95.8%, 62.5%, 60.2%,
respectively, were disposed, and then, the variation of the optical gain was measured while
varying the optical axis by rotating upper layer. A clear PET was placed beneath the
reflective polarizing film. The constitutions of experimental optical film composites are

summarized as follows:

13
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Table 2
No. | Lower layer + reflective polarizing film + Transmittance of | Haze level of the
| upper layer the upper layer upper layer (%)
1 | PET + reflective polarizing film + PET 95.3 -
2 | PET + reflective polarizing film + diffuser 99.7 95.8
sheet 1
3 | PET + reflective polarizing film + diffuser 83.2 60.2
sheet 2
4 | PET + reflective polarizing film + diffuser 63.5 62.5
(r'- sheet 3

The experimental results of the 6ptical film composites of Nos. 1 to 4 are as

follows;
5 Table 3
Angle 8 () No. 1 i No. 2 No. 3 No. 4
0 1.653 1.734 1.653 1.642
2 1.649 1.747 1.646 1.651
4 1.647 1.753 1.627 1.659
6 1.64 1.752 1.609 1.661
8 1.633 1.744 1.574 1.659
0 1.623 1.73 1.533 1.655
12 1.591 1.713 1.484 1.644
14 1.572 1.688 1.433 1,634
16 1.55 1.662 1.337 1.617
18 1.527 1.634 1.308 1.601
20 - 1.5 1.601 1.224 1.584

When the angle 6 between the optical axis of the upper layer and the transmission

axis of the reflective polarizing film is 0°, it is theoretically expected that the optical gain

is maximum, but the maximum value appears at 4°, 6” in case of the optical film
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18 1.527 1.634 1.308 1.601 20 1.5 1.601 1.224 1.584
V\hen the angle O between the optical axis of the upper
$/ and the transm ssion axis of the reflective
EOFUMP Py filmis O, it is theoretically expeREBYSINEH49428
the optical gain is maxi mum but the maxi num val ue
appears at 4, 6 in case of the optical film WO
2007/ 079145PCTTUS2006/ 049428 conposites of Nos. 2 and 4
in the Table 2 above, respectively. Cenerally, a PET
film produced by a biaxial stretching nethod
deteriorates in view of the uniformty of the optical
co@%p&zt%of Nosgl@vinalt £ the dable Xabulve] resggtioaly( t KznepillycaPET film
axis = 0) of the filmstretched, and the maxi num val ues

pratiu@AMies Hiaxhl skSclBihg %&h&d‘é&taﬁ@ﬁtﬁsﬁﬁ Jidw ofNie wisforsith e the
exact 5center region of biaxi aI stretched PET filmin

oﬁtfb‘ﬁ] 8% hé:ﬁldef/ia{ég‘ﬂﬁﬁﬁ‘ééhfe? ?e gﬂﬁé optical Bis%= 0 _ﬂbﬁhe ﬁlm stretched,
hese val ues are actually ob ed at the state of

mel' the ma‘xlmﬁﬁl Vaiikshe aﬁ of Boﬁe@%ﬁth%t %g:?lﬁr': ot Qusin %hcﬁe exact

optl cal gain s care varie depe the a

| “t“ aeé%@ffé%%ﬁ?é&%?% ﬁé*f? i %“F 2%%. 5P 44 s 2000

aflfa\%%lﬁéé i 'axfﬁémﬁ kit SR Rl ?;s’f h@“a. tnhilss”?L'eer
fii' 1% oy e Feps B prgR g 5231 GeR 1 carchilly Variea

preferab In.this range  of angles the o t|cI film (
eesn%lag.%ﬁ%\ee%\% iRl b ePfisal exiRotithR WpRer pyer and the transmission
superior _in performance to the_conventional reflective

axpphthe xefleptive priasizingsiim.and partiquarkt ih ean hasep Hmdethﬁﬁ ﬁh@ smaller

to Figs. 5A and 5B, the optical filmconposite is
the angle 1s, the better the optical gainis. The suitable range of @ is fromO to 25°,

preferably from 0° to 157, more preferably from 0° to 5°, and most preferably 0°. In this
range of angles, the optical film composite according to the present invention is superior in
performance to the conventional reflective polarizing film composite.

On the other hand, referring to Figs. SA and 5B, the optical film composite is a
form in which a constitution and a function of the diffuser are integrated with the
conventional reflective polarizing film. Thus, a device in which the number of the
diffuser decreaseéi by one or more as compared to the conventional LCD device can be
provided. This result is explained by referring to Fig. 7. Fig. 7 compares the case of
using the conventional reflective polarizing film composite (Fig. 7a) to the case of using
the reflective polarizing film composite according to the present invention (Fig. 7b), in the
LCD device used for a TV. Using two diffusers in Fig. 7a and one diffuser in Fig. 7b, the

brightness and conirast was measured, and data such as Table 4 was obtained.
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As can be confirmed from the table above, it can be found that there is no

significant difference in the brightness, and the contrast rather increases by about 9% even

though one diffuser is removed. Accordingly, in the optical film composites according to

present disclosure, the total thickness of the LCD device, particularly the thickness of the

"backlight region, can be reduced without a loss of its optical performance. On the other

hand, in case of the LCD device using the reflective polarizing film composite according

to the present disclosure and two diffusers, such as (¢) (not shown), it can be found that the

thickness is similar to that of the conventional device while the optical performance is

significantly improved.

Further, since the first polymer layer having birefringence simultaneously serves

as the dimensionally stabie layer and the substrate layer of the diffuser, one of the

dimensionally stable layer and the substrate layer of the diffuser can be removed, so that

the thickness of the display device can be reduced.

In addition, the manufacturing cost of

the LCD can be reduced by using polyester based polymer, which is cheaper than the PC

as the substrate of the diffuser.
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5 though one diffuser is renoved. A¢cordingly, in the
optical filmconposites according to present
di scl osure, the total thickness of the LCD device,
particularly the thickness of the backlight region, can
be reduced without a loss of its optical performance.
On the other hand, in case of the LCD device using the
Whiatid eaitiede pol ari zing fil m conposite according to the
present disclosure and twg diffusers, such as (c) (not
L. shomopticgl i CHBDISE SATPREIPEY he 10t hi ckness i s simi | ar

to te{‘ﬁ‘ﬁeanreﬂ&ﬁivg%B D4 . device while the optical
performarce 1's signifl gan y i nproved. Furt her,

si ncefitshBiréfrihgéntpol yoneric dubstedte haged lyiny bisffringgeacehich is placed
si mul ta_neouil y.serves as the dinmensionally stable layer

Oﬂaﬂ??deﬂﬁél‘@d’@ glilgyiad of the diffuser, one of the
e e PRER e BuSknafbler Beh PonHOBL FNE L8 Y i i,

whifegh thedptieal atR\Wifte SR0pHIgmetd vaiRtatelllyerdslbiidmet with@espect to the
manuf act uri ng@cost of the LCD can be reduced by using

trapwhigeaen axis phthedeentiyapplarigimgdimi te heve@pler2 5 v an engulmC

.asS _th bstrate of the diffuser. Wat is clainmed: 1.
dd%ﬁe%&%@ Weﬁlﬁ}ﬁ%%ﬁposi te conprising: a linear,

reflective polarizing film a first
birefringent polyneric substrate |ayer having

2. bi r &he ppideah &ibn opipesitd of Ghine éawbpinttheraflettieapdlarzing film is a
larizing. fi and a second polyneric
nm@ﬁﬂg?ﬁg#ggngaglplaced beneath the reflective
polarizing film wherein the optical axis of the first
pol ymeric substrate layer is oriented with respect to
3. t heThe aplical fmeampesite offClaime | rehdreintthe Brsppblymierzicsybstiatetayer
to.have,00 to,25 af an angul ar difference of between

is %Wéyei égaseild)ol)gper ﬁ%erbpti cal filmconposite of Claimi1l,

wherein the reflective polarizing filmis a nmultilayer
pol arizing film 3. The optical film conposite of
4. d ailhe eptissh &treicomphsite ¢frSlainp b) whereindhe sdsond polymesiy snbstiste
1 i S. aﬂo | yes erdbafed qol nmer |ayer. 4. The opti cal
YRy B é’%ﬁ%@g PECHPIELIMS, wherein the second pol yreric
substrate |l ayer is a polyester based pol yner |ayer.
205. The optical filmconposite of Claiml, wherein the
5. fi r $he ppticaifitm cospbsita at@ainay ewhdrsintthefitsegolymehia wabsirate layer

. light diffusing.functi.on,, 6. The optical film conposite
18 &‘glt%?‘ﬁ‘(el?ﬁﬁﬂé]ﬂ&#ﬂ%ﬁ@%%ond pol yneric substrate

6. The optical film composite of Claim 1, wherein the second polymeric substrate

layer is treated to have a light diffusing function.

7. The optical film composite of Claim 1, wherein the first polymeric substrate layer
has a haze level of at least 20%.

8. The optical film composite of Claim 1, wherein the second polymeric substrate

layer has a haze level of at least 20%.
9. The optical film composite of Claim 1, wherein the optical axis of the first
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| ayer is treated to have a light diffusing function. 25
7. The optical filmconposite of Caim1, wherein the
first polyneric substrate | ayer has a haze | evel of at
| east 20% 8. The optical filmconposite of Caim
1, wherein the second polyneric substrate 30 | ayer has
a haze |level of at |east 20% 9.The optical film

polGRIHE %Hs&a&flaﬁr% Htichted WER ?ésﬁeét'?@tlﬁﬁfah%issﬁﬁ'a%w(lff thd¥Rflective
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polmeapg ﬁimtt@ a0t tp dAS of e angulaadierecetai detvesdfeh dlag axes.
polarizing filmto have 00 to 150 of an angul ar
di fference of between the axes. 10. A process for
10.MBNUHAGS foh AR ERBIrHEN E&Pfﬂm‘ﬂgi R Fsin$ tROstfieof:
stepsfﬁgé‘ 5providing a |Jr11)'gar refl Otlflggp arnlgzi n%ﬁkeo
fil rprowdmgahqeh:amﬂegtme pmlmsmngﬁlmnerl c substrate |ayer
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pol cinE T PAVEETE Y Strarf:slaﬁfa&aa&ng&mﬁ g8Ac&OhRFide ghthe
refleBifveqfil alri?z% %ﬁPﬁh So fiat &P&éuﬂs[r%ﬁffé%@ﬁdé%FWé‘en%H@é @l &xib BY @k first
and the transm ssion axi's of the reflective polarizing
polfineric bsbs@atetlaye? 3hd thertchnifsmaian of tserefactieglojareigfilm is 0° to
osub[itrate | ayer on the other side of the reflective
25804y i zing film

placing a second polymeric substrate layer on the other side of the reflective

polarizing film.
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