;\]e3elTlQ "@vT8=0ptical filmhaving characteristics Technical Field
SPECI FI CATION The present invention relates to an opti cal iyl A
controlled light scattering characteristic and sel ecti vel y”lwmﬂmmwww.ml ng
characteristic. Background Art In a reflection type or trans *el%st*on type
liquid crystal display, generally, an incident light transmts t fough a
liquid crystal |layer, reflected by a reflective film and(ﬂm ) ain
through the liquid crystal layer, and then a_display inmag w&m&m«mwaﬁyes
of a viewer. At this tine, by di sp%@ﬁ&FQCP‘TW scattering fildaaoégp e
surface side of the liquid crystal |layer and/or between the liquid crystal

| ayer and reflective filmto scatter the light, the image can be recogni zed
in a w de Opeigalg an@liftm As Halréang netdwdxodfledcat tsmrathgring/ tragismitthege
are representatively illustrated a nethod of scattering |ight by dispersing
and cont ai FERIteIISFACENt fine particles in a plastic filmor an adhesive
and a nethod of scattering light by roughening the surface of a plastic
film To inprove the brightness in the transmtting state of transm ssion
or transfl @géﬁﬂbalaﬁ-%ghecti ve polarizes is wdely used for converting P
wave or S wave for rred' y the P/'S change, which is caused by birefringence
of liquid crystalThd opfey@vie @nvéhteore zellatésveby diy opticgll efibh| etthon
and thereby preventing | oss of |ight. However, when such reflective

pol ari zes B9ntkREIeq | Light sseatiening | ghayastegistice@nis apdegtivedy P/S
transflection tvpe or.reflectijve 1 type liquid crystal display, in

parti cul ar?g?%%gr( g é:hSFSSF%%SEJﬁaIt the brightness of display is dark and
the visibility thereof is poor. To inprove these points, it is thought to
use a light scattering film But when the conventional scattering filmin
whi ch tranBpekgrdgurid Betparticles are di spersed and contained is used, not
only the brightness is |lowered at the tinme of transm ssion, but_also

i nproverent of briyH ealactipes F¥Re| oF rxapsflestdonn thee i@l @stadring

0 all dirgeLipns, e BRSGeNtyl BKERRLOD | PafleVi:aednios SOLYS. NSRS R.oRl ers

in the prior IS, an objec present inve S t'0 provide

an opti cal ckystannissier , Woen asted by horefXadiive falm) EHA tebishats digaihay
device, is smaller in loss of light and has a |light collecting perfornance
so as to r&hrough ghier Limmidedystel Hlayeaxcand diven audjspdeycorgae adtsiinfoones
in the prior _art, Disclosur t he on An _opti.¢

e i nvent | filmof . the,
present i n7&RE i n2uSEY S or %‘&%}‘Hﬂhﬂm' By disposing'a 11841t scattering tilm
on the surface side of the liquid crystal layer and/or between the

liquid crystal layer and reflective f£film to scatter the light, the
image can be recognized in a wide viewing angle. As these methods
of scattering the light, there are representatively illustrated a
method of scattering light by dispersirig and containing transparent
fine particles in a plastic film or an adhesive and a method of
scattering light by roughening the surface of a plastic f£ilm.

To improve the brightness in the transmitting state of
transmission or transflection, a reflective polarizer is widely used
for converting P wave or S wave formed by the P/S change, which is
caused by birefringence of liquid crystal, to S wave or P wave
selectively by multiple reflection and thereby preventing loss of
light.

However, when such reflective polarizer by which light is

selectively P/S converted is used in a transflection type or reflective

1



t he object described above is an optical filmhaving the foll ow ng
features. (1) An optical filmwhich is a | ayered product of a |ight
scattering filmthat scatters and transmts light and is constituted by at
| east two phases or nore having different refractive i ndexes each ot her,
and a reflective polarizes by which light is selectively P/S converted. (2)
The optical filmaccording to item (1) above wherein at | east one of the

phases Whiigpehsqdi @'@958h1"SidAGY, VEn IRH®1 cullat D& Her8NArs GobEEns Atat! M
has pillar ster uc%@lres éxt endi néﬁ ?Ithe t hi clsnegs di rectlf)n of the fi Iam and

t he tr ansrhiet Bntghtnfedsher fdilspllap dsh@arorand tldk veeibbliof thheedf L1m pcs.ornot
less than 4 % ( 3 ) The optical filmaccording to item ( 1% 2 )
above, V\héﬂoe?-'ﬁplfﬂ‘{ﬁ* shesgg |P§1F1Fﬁe§-to-‘r-5 tthéushFlté’ru%Q Pu’eltg.hte§°% eéﬁd’ign@lll"h t he

hi ck f | h
Lo e he Bt wieh S RopPhatian %sasﬁﬁ%?ltrﬁqe a R i o ph SpadhtRe Rk St |
the nor mal éi't)l%ﬁgb%eo(é\%%sfe'dl ﬁt&lﬁ@lﬁl@ﬁ%bﬁalnoft' clrﬁ!ya{%ﬁé’iﬂh&ﬂtﬂé%é t em

(1) or (p above nop ura axis lines of the pi'llar structures
ext endi ng iig Idwered eknene dimecbEomrafshissidnghtbutcailser imgrévémarsy f n
parallel with each other and the direction of the axis lines are inclined
with respdutighgnese immedledtiertiisonobfenduglf peaauge BF) sqaetepinacan 34 m
accordi ng one of itens ( 1) to ( 4 ) above, wherein difference in
refractiv ﬁrﬁd’éi% Shet ween at | east two phases or nore having different

refractive i “deX%eogfé;?@rrﬂ 39%knt 8ﬂtf‘§ qagiEbdmd %o'l'i}eatﬂé’éw‘;or%fblgm O t 0

0.1. ( 6 ) The optic m accor |ngto any one

above) whetlsl prisrdartghtrnatatiser angobjdon icf mhdepfesenta mleyntrﬁbn is to
provide an optical f£ilm which, when use in, for example, a liquid
crystal display device, is smaller in loss of light and has a light
collecting performance so as to realize a bright and visible excellent

image as compared with ones in the prior art.

Disclosure of the invention

An optical film of the present invention used for achieving
the object described above is an optical f£ilm having the following
features.

(1) An optical film which is a layered product of a light
scattering £ilm that scatters and transmits light and is constituted
by at least two phases or more having different refractive indexes
each other, and a reflective polarizer by which light is selectively
P/S converted.

(2) The optical film according to item (1) above wherein at
least one of the phases which has a greater refractive index in the
light scattering filmhas pillar structures extending in the thickness
direction of the film, and the transmittance of the £film in the normal
direction of the film is not less than 4 %.

(3) The optical filmaccording toitem (1) or (2) above, wherein

plural axis lines of the pillar structures extending in the thickness



material having a radiation sensitive property. ( 7 ) The optical film
according to any one of itenms ( 1) to ( 6 ) above, wherein said reflective
polarizer is of a lamnation type. ( 8 ) The optical filmaccording to any
one of itens ( 1) to ( 6 ) above) wherein said reflective polarizer is a
fil mmaking use of selective reflection characteristic of cholesteric
liquid crystal. Brief Description of the Drawings Fig. 1 is a diagram

showi ng a dik-apefbh l3NEife IRBRBGRILEE g (ffllﬁ\ driedih pdirhh sl A thiddun bty
scattering filn dispersing fine particles therein. Fig. 2 is a diagram

show ng a anganrsnditescionchiithe agd s dtine satheaebifgitte cxciritatieddnf thembérmdie
used in the present invention. Fig. 3 is an explanatory diagramof action
princi pl eddﬂ:eéti@nl@f:tﬁhﬁe fidmari zer and action principle of an opti caI fi | m

dependence of 3 Ciddnsuielriln seftd B 2R8 )&e (D) hSvetnirets
enbodi ﬂeng»flﬁ}a&%:ﬂ ﬁﬁg% vﬁ@bagmaﬂﬂtguc%uf?s%ﬁﬁgﬁ 16, thaghakshon ng

progress Ight 1n reflection™o e optica he present
I nvent ondirection of the light scattering £ilm are in parallel with each other

and the direction of the axis lines are inclined with respect to the
normal direction of the film.

(5) The optical film according to any one of items (1) to (4)
above, wherein difference in refractive indexes between at least two
phases or more having different refractive indexes of the light
scattering f£ilm is in a range of 0.005 to 0.1.

(6) The optical film according to any one of items (1) to (5)
above, wherein said light scattering f£ilm is made from a polymer
material having a radiation sensitive property.

(7) The optical £ilm according to any one of items (1) to (6)
above, wherein said reflective polarizer is of a lamination type.

(8) The optical £ilm according to any one of items (1) to (6)
above, wherein said reflective polarizer is a film making use of

selective reflection characteristic of cholesteric liquid crystal.

Brief Description of the Drawings

Fig. 1 is a diagram showing a transmittance characteristic of
a light diffusing film (light scattering film) dispersing fine
particles therein,

Fig. 2 is a diagram showing a transmittance characteristic of
a light scattering film to be used in the present invention.

Fig. 3 is an explanatory diagram of action principle of a
reflective polarizer and action principle of an optical £ilm of the
present invention.

Fig. 4 is a diagram showing the visible angle dependence of



Fig. 6 is a diagramshowi ng an effective scattering region in reflection of
a liquid crystal display in an exanple of the optical filmof the present
invention. Fig. 7 is an explanatory diagramof a configuration exanple of
the optical filmof the present invention and brightness neasuring nethod
of this optical film Specific Mdde for Carrying out the invention The
present invention is described in detail below. First the |light scattering
phenomenomrh ghén &£ \6ENhi SEe] edtisat F_éP@EiEz%&i R9 bé lUBeas ifXd @inbediment of
referring to Fig. 1, and then the Tight scattering filmusing the optical
filmof théeppeseert iimuventiion.i s explained by referring to Fig. 2. Fig. 1
is alight transm ssion characteristic diagramof a |ight scattering film
or layer fornmed Bi9dispes & sghemabltp dlagram gRoWHRg iR egrf pErkighty 4n

refractive i.ndex,in | ymer . fi Qr a hesive. As_sho in Fig. 1, the
| Cant - scatEEiPRbLeh e Pttcabrtiin, 3 BRE BHRAETY GAVSSEM or i ng fi1 m or
| ayer dispersinggfin rti r ek i s L ght
over a w de angl g,ibhﬁidﬁtghéedgégt??:g:}gmg%F?%%?P\gﬁgg\gP%i%E?ﬁﬁ%%ﬁgé gélgi%ng
nmoder at el yeifieatiomng @siifid c2ysbayadizpllagnsni asiexampharacthei giticaafl the
| i ght scattering filmused in the present invention. The light entering the
filmat rifddm ahgthe Kresemtdénventipms of zero degree ) shows a certain
transm ssion characteristic owing to the film and as the incident angle

becomes | arger, fhe: st &P #¥P tOrFaftaITam Ofh AnCoRE IBHFLEAR ¢A0
scatter i esd | TR QY much
| ar ger, t?}’gaﬁiﬁéﬁggg% (:)e?il' llq's&? rr%?’ g Si ieglg lagal ﬁ,lggn%{?ﬁgﬂggég‘%%é?gg

per f or mngetHedr éasEsis fkptiesdnpim. the Iight incident at an angle of 45
degrees to 60 degrees to the filmsurface is hardly scattered but transmts
through. This is an extrenmely special optical characteristic, and by making

use of thigs ¢ acteristic,, an optical .tilmcapable of sufficiently
extracti nﬁ@ﬁggiﬁ;’?%@?éf L eE et s?hcél‘%:_r é:}‘Fe&P?"%Ig@Jp%} arizer can be realized.
The light scattefh8@ridsefit! kAt48A4d deddiOEELAbLADY BRALAN IFEratitHdn
conposed at |east two or nore phases nutually different in refractive

i ndex. |t lighpred¢attreatinghpheadmdrneasin aneophastidmalgdighth seftrtactingefilmdex
constitutes a columar structure extendi ng in the thi ckﬂe_ss direction of

the film PhE*BIALREF I TEECTRENDGS FlPned: ARG &eBof hit PERELREE e
not parti cyhar | g te :EQ%F t r di QRS ; ar, g Ne
nore the ﬁi&ﬁt h%%ﬂéscr{gh e 1(:3 r}(gg%?y(%%egﬂ% t éééé?gaﬁ\g%ﬂ&%ﬁ Jgﬁteg{(ﬁ)lﬂg? }rglggl}ot}f on
changes mefeatreéhy to Bid. angles . Therefore the axis lines of the col umar
structure should _nore preferably be parallel to each other. Further, such

special optical EAdrdctepldoht teanspesHgehakprieTagtisdiagranetantiaht
bet ween t a%iw‘:'e%%}xbn?%ﬁn tolr}e Qe rm%r%ﬁhgﬁﬁ%Pﬁﬁgaﬁﬁetggéﬁdﬁeq* egi]on of

the film rs77 therelatTve angle of rys Spl ay and
viewer di ffag#ScllependEperamt te vdidctabonnabit ihhe 9613{@& o 3t @fr stic
can be properly adjusted depending on such differing angle. Considering a
rel ative atiesive.t s [shgwndirrEig.all, dtkelkighingcattering chargeherdstic

appar at us ing a liquid crystal display, the angle of the axis, ling of the
ol urmar <t (b HSPHSRRAONRD FoF SRR PO E D1 (T 1Gh (LSBFEFLRY it be
0 degree 14043 488N ARSreiNSnbNEREBLA AR b ¥E AOGAR 0wl 8GHIGRNaRG1d he
light scattering film( the transmttance at visible angle of O degree in

Fig. 2 ) isxd@théescartadradbaigh® shiowsoa distirébhtidn cheapgtiegimgiealteilysied i n
the optical_ filmof the present invention may be manufactured by any
convent i orfdit #BORBA; but it is preferred to forma columar structure

havi ng high refragtive 5 i ndex, by cqati.n radiation.sensitive ..

prepol yner or no gﬁér Pzrmﬁlécmsa!a oﬁr%l{lsmlggti Pg %P faﬁ]gcg‘%ﬁsrr}glc aonfd_ P#er a%ﬂ%rﬁ ng
the radi atéc@%t%%‘iﬁgt EVEm R 18] tHb Irdsediral hosn SRIECT TNE! Vi ghit! Bniedfivy red
mask. Herein) at the tinme of irradiation, the angle of the axis Iine of the
col umar stheuf€ilm et aightlenglesndncdidert tnghe off 2d1 dedraedashdwes adeusdia by
irradiating the radiation sensitive material with radiation froma

transmission characteristic owing to the f£ilm, and as the incident
angle becomes larger, the scattering performance is enhanced, and the

maximum scatter is observed at a desired angle. Then, as the angle



specified angle. After irradiation, i'f necessary, a prepolynmer or nonomner
mat eri al nmay. be pol ynerized by heating or other nethod. The photo nmask used
in irradiation of the radiation sensitive material may be manufactured by a
conventional nethod of manufacturing a photo nmask. Photo mask nmanufacturing
met hods i ncl ude the nethod of using photolithography anong others. Further,
the radiation sensitive material may be directly scanned and exposed,

Wi t hout phetemsagkictbiawgeny tiaserahemigs 6n ¥ Ditetlsa¢tieanaden) kadfgidn a
hi gh refractive index region in the radiation sensitive material. The |ight

scatt eri ngchatteringedenfarmangecdectedsesentfon exayple, atb® Iightednbijdent
piercing the plastic film.directl | aser beam or anot her net hod, and

b
filling t ¢ AdIRYLE oh 4 ﬁﬁﬂﬁﬁ?%lt%hé&iq?@réeﬁi%éPerﬁlf%@PF@éC? AdeRa¥hEh t he

plastic film.,Th i,ation.sensitiv rial _capable of form . high
e ract i vERERSs BTG R PaghEEn AR el SECoRTT LY ABRChAT CPELTATI y
limted. RQRraxe8PiSrid aha ?)ﬁaﬂ@n W 60 PRICHRArfu1UckS cOMN P cal
(registered trademark) HRF150 and F600 of Du Pont Co. If the radiation
sensitive fiamectapable aheufSimdenylpi ¢exxfraatgancehe ccharactprdstathef the
phenonmenon nmay be observed and it is not preferred, but if the

bi r ef ri ng&¥€dertivg tPelprkred ICORaBE readiiged.presence of birefringence is

perm ssi ble. -The_ jmaterial for, form the |ight scattering filmitself is
preferred to be EW%%FC#FWW%EQ}T%L?M%‘? PraREnt éf‘?’ﬁﬁﬁ%

| ndex dif figr gne@inpbonpases 4l AEEEE "G Br RideABhh¥Es mtde%10Y 411 dredhtin
scattering filmis generally preferred 6 to " be set at a refractive I ndex
di f f er enceredtraBt 006 itrmetx.l. ItVienpréferefd ahat wet ledek alid phasadarger! fss

than 0.005, it is not easy to obtain a sufficient scattering =
char act er (FSEFECtipe elipfiest SoRsty tute® & SPLUBRRY SHTEERTE eXEPNKY 18 the a

range of Q:hglzghﬁsg&ir chiﬁorneforfaﬁl%v@iﬂnnd?’fhémélig%gﬁggﬁgfg%dﬁm %xgts .ri.gﬁes

interface 0 rgh refractiveé i ndex region an hase ut

pref err ed o¥Ccahé olgnahas BRicre! afe ndtakd A ited anhgr whiakged Wowsiea tiye On
the other hand, the reflective polarizes 2 transmts only the P wave of the
i nci dent Imogletthesdbreatiidns &rgungvemnthe norethe Ligbt 3 swenat texed tnoadhy,

IR UL atn ethl:é \é\lgg’?tgz];eé t.l.!:ei‘g“: %ggtL%dtei%tne&aE)lYges moderately in all angles.
Therefore the axis lines of the columnar structure should more
preferably be parallel to each other. Further, such special optical
characteristic can be adjusted by adjusting the angle between the axis
line of the columnar structure and the normal direction of the film.
That is, the relative angle of the liquid crystal display and viewer
differs depending on the application, but the optical characteristic
can be properly adjusted depending on such differing angle.
Conslidering a relative angle of the liquid crystal display and viewer
in a general apparatus using a liquid crystal display, the angle of
the axis line of the columnar structure and the normal direction of
the £ilm is preferred to be 0 degree to 45 degrees. The transmittance
in the normal direction of the 1light scattering £ilm (the transmittance
at visible angle of 0 degree in Fig. 2) is preferred to be 4% or more.

The light scattering film used in the optical f£ilm of the
present invention may be manufactured by any conventional method, but

it is preferred to form a columnar structure having high refractive



the reflection face of back light unirit or the like and reflects the S wave.
Wil e repeating this action, the S wave is converted into P wave) and the S
wave that has not been used hitherto can be utilized, and therefore the
brightness is raised notably by the use of the reflective polarizes. The
reflective polarizes 2 is available in |lamnate type and chol esteric |iquid
crystal type, and they are equal in effects. To use this reflective

pol ari zes Index byecdatdamigda ecrgdationdsepsilive prepolymar ormoponar makpaiat t he
like, it is required to secure brightness when reflecting. Wen adhering to
rai se the ®Riymlesdici f11M akiHiiagi ornd d&rﬁ‘ﬂéﬁtllﬂ%é‘-% rgALALERN SeNsdEi¥R i on

o a1 Pk P B e S R A A
transm ssi gRe akﬂﬂrler 8! P&éﬁ%ﬁ%ﬁt eEhé thglj_g J)f q}ﬂedaﬁiélsiﬁ{e dieSph@Yedifumar

cel lul ar tel ephone, PDA or the [i Therefore the optical characteristic
of the optstalctidenadti the poasenidireceddn osf itheepliai sen vOraijusted by
specifically. In this explanation, the light characteristic in two states
of transm ssratiating éheemdiﬁtiiogl gengitiyed matterdal éfiéih ragiatsen tfyomi §. 4

and shovvin the i ca cteri st ac f|Im . 41is rlghtness
st 1 but | SREOEEAS PSR oA te T AERAHAORT  LE ARCRRSAFYoP o EP ST

reflectiv Pﬂ@ I et used
in the bagﬂ&ﬁérﬁ%t ﬁéﬁﬁgla FX&oti treg?nzgiﬁ %%ig:{}}gg%? +§%llo Eﬁ?@d Tg?\d
enters t heplli@fd) etdgkv aspal o i Agndidhton nvf ddet radphtidms seusibeve eaﬂt@mam in

brightness by P/'S conversion shown in Fig. 3, and gets into the |ight
scatteri ngmqu |bm mangfacuredshy es¢cenventinnal mekhofof mghuf@@mmewgi aghptPm 1

shows the vi end nee sho n F| 4, and the .
transni ssi '83 f"of:g ?"? Hg ‘Hg};}g {“ﬁﬁg‘ﬁ% Pflﬁetl?ﬁﬂ‘et 8 §8'%sing
transmtta 81: a&ﬂg' laRbngt otREryY d%fur%ﬂgke ghleradlgtidie ddmAtavesi on
beconmes m n| mum ar ound 0 degrees to the normal line, that is, the
scatteri ngma'eeccimls mafyebermdireotly |stanhed cask erposedn sriitheud rphostlorm@k hby

i ncident 1|i is col| ected around t20 degrees as descri bed above, the
light is eﬁgﬁ%dlqsr?rt h&2m; r X0 R0 L1E0Y bleiaﬁetﬁff‘i’ﬁ‘éaf pighFeiractive

m ni m zi ng e c e , th not
parti cul ar é@%q&feﬁﬁénl n ntshgﬂ%at%l?d#?g%?{eu%é?ém ?f@e%%lng o?hP Eﬁgﬁt
not al wayssoettiextind Fillhi ssedsie, théeidsght 1meﬁnﬁ©nr Ry ase lallsbhﬁoﬁmi By is
the region near the nornal direction of the |ight scattering film(the

regi on of Pé@ﬁﬂ%lt@ehpéﬁsﬂ%irfé-ﬁd“t@h?ﬁﬁ)ly bridlases beghtoR @afthet nefhcRoeut

T oht ar ouRic 20 B e e BES RahG ns SRR AR B RS L S AP Rl

t he peri pheﬁan tiselgdlastids seompared wit h an ordinary film dispersing
transparent tine particles or a light scattering filmdispersing

transparent fine Paetiadiation genstitiors weterhal |dapablecaft Epiming id mighused
herein is s nthe catterin defin by the half wldth of
Sontt ori ngZPEEREEIVE GINAGR ark SHiR, (ur FETRLIARICRa Lt aAODTE A 15 oRP
scatteringphit Re{atff PBSRA. | PYESNEL&HDp1eS %ﬂeésgﬁls?%raoué@ad@&m 1and
t he scattered Tght i's focused in a diréection closer to the normal
direction pto@ihets |dbMDEHu(Srng}setempu|mldemai~m MRF156 anHRAG00 wfeht iPonti n
transm ssion realizes an ideal di splay state high in the brightness in

t he nor mal C8ir Jc&t%raﬁaagw})s%%iefdvmtiéwﬁ pef shingdizafrdd9BBFew i s
the effect c8io£9§%% !)Eﬁé%&heﬁlor%né#ﬁfzg b%sgﬂéerv%vde%#icir{ Hglﬂoq:fé 'ftéﬁ%d Fi g.

6 is a diagram's mum sca ng Tregion of "Visl ven
by the opt pael 18CeHd Qﬁ.'x%&rﬁhbéh@é ishqierin Gal afilbWusie tmgey, eﬁﬁ@éence of
invention. The range of 10 degrees to 15 degrees around the visible angles
of +20 degbérefahngerfe diegreenissibbe. afiheemgbenidlbiomgomsngt the height
scatter. That is, the lLight inclined by 20 degrees from the nornal
direction SFather&Rdifddm ”’F?ﬂ%&ﬁf%’&afqr§e§c%ﬂ g’@r%c}‘arﬁfé'tiaﬂn‘f%%épﬁh Tdaihdh
contribute ghtness in reflection. The |ight source is usually
consi der ed%F%RB}é'P%so%g‘il oned in a direction deviated by about 20 degrees
fromthe front sigge Fe@#rhttiveCanabfeedrif@de t £SPnalsBe MEEFEHIHFCAN er
angle at t20 degrees to the nornmal direction of the l'ight scattering film
Ther ef or e, reficastavée eémideg imtheubhighigkeatfertimg Him dal généraldfy phef gaesient
invention is considered to be closest to the ideal point. Fig. 5is a
schemati c expression of propagation of Ilght when the |light enters at about
20 degrees fromthe normal direction. As bdescri bed above, the light
scattering film1l of the present invention tends to scatter the incident

| i ght of about 20 degrees nost efficiently and then collect the light in
the front direction by focusing .




As described herein, the optical filmof the present invention has the
properties of transmtting the light efficiently and displaying the inmage
clearly without |owering the brightness at the tine of transm ssion, and
collecting the peripheral light, especially the light fromthe |ight source
at the front side efficiently in the normal direction of the film that is,
in the viewing angle direction at the tinme of reflection, and is hence an
opti cal fitdonbecstt ap@r opfratceiver inadex atiftiflezenhcornft gpel’ itguddl cr Waealthe

di splay device to be used in 9 cellular tel ephone, PDA or the |ike. Best
Mode for GgErprhgvedndexndiffersente Liadensitdmnhd 0. cklehs npkeasyi tnobtain

Shoul d be oF b TTLARY FESHhGatane | ISR e for INATe oo TP ige the '
nmbodi flect] [ F, of Co.
\iasou;gg?%rﬁgggggg%%@ g%#eé%/%cr emnlésgclé{o\éafegﬂdﬁe”t | ;0 @E??Egél{)hi ckness

of 25 um rAEritti®dAlREEk ahaiM eHatyeadhdden1yaat adher eflté eI QO oASa ahignght
scattering film1l, and an optical filmhaving a structure as shown in Fig.
7 was | anmnedfredtiTaiiandek|ragion ahdpoethen phasbabkitla gphtfenred 4catbendirtidhe

bri ght ness was neasured by a photodetector 5. In Fig. .7, measurenent of the
bri ght nesSPeRacheristif oy PRitadped then chaadse; Fpdtiidict ed by neasuring

t he anount of ou | L.ght i n rnal,; .. di tis (0] I '
phot odet ect or 5. b@n%%?%blggeh%dnﬁﬁgeﬁ ns e&%&vgfﬁﬁaeﬁ%%ﬁ %aﬁ%ﬁgﬂr%ltlg]né!@gnpl e
1, an SK8@&hef pr SHViel 8 HeNeAt£@ént NdGEtras SRowdinCRigs 38 hh@htefS@RtEeiHed

adhesi ve dispersing transparent fine particles different in refractive
i ndex in & vemeenandrfairtherytiransmitssithe Ragavh ofothd bightheeafdekted gin
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P wave, and the S wave that has not been used hitherto can be utilized,
and therefore the brightness is raised notably by the use of the
reflective polarizer. The reflective polarizer 2 is available in
laminate type and cholesteric liquid crystal type, and they are equal
in effects.

Touse this reflective polarizer 2 in the liquid crystal display
of cellular telephone, PDA or the like, it is required to secure
brightness when reflecting. When adhering to raise the brightness
in transmission too much, the brightness in reflection is lowered.
It is the primary object of the present invention to provide an optical
film realizing a bright and visible excellent image in both
transmission and reflection states in the liquid crystal display of
cellular telephone, PDA or the 1like. Therefore the optical
characteristic of the optical film of the present invention is
explained more specifically. In this explanation, the 1light
characteristic in two states of transmission and reflection is
described while referring also to Fig. 4 and showing the optical

characteristic of each film.

Fig. 4 is abrightness distribution of 1light from the back light



Exanple 2 10 An optical filmwas lamnated in the sane manner as in
Exanpl e 1 except that a PCF400 of Nitto Denko Co. was used as the
reflective polarizer 2, and the filmwas di sposed on the back |ight uni
and the brightness was nmeasured in the sane manner as in Exanple 1. The
‘brightness of the optical filmin Exanple 2 was higher by 30%to 50% as
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incident light is further enhanced in brightness by P/S conversion
shown in Fig. 3, and gets into the light scattering f£ilm 1. The
transmission light from the light scattering £ilm 1 shows the viewing
angle dependence as shown in Fig. 4, and when the transmission light
transmits more near the normal line and the transmittance becomes
smaller at the wider angle side, and the transmission becomes minimum
around 120 degrees to the normal line, that is, the scattering reaches
the maximum.

In the case of transmission, since the incident light is
collected around +20 degrees as described above, the light is emitted
in the direction of normal line of the filmwhile minimizing the effect
of scatter.

In the present invention, the BEF is not particularly regquired
in the back light unit, and collecting of light is not always needed.
In this case, the light intense region in the center is the region
near the normal direction of the light scattering £ilm (the region
of relatively high transmittance), and the light transmits without
having effects of scatter practically same as described above, and
the light around 120 degrees to the normal line is scattered and
diffuses in the periphery. Usually, as compared with an ordinary £ilm
dispersing transparent fine particles or a light scattering £ilm
dispersing transparent fine particles in an adhesive, the light
scattering £ilm 1 used herein is small in the scattering angle (when
defined by the half width of scattering light in Gaussian distribution,
the half width of the light scattering film of the present invention
is 10 degrees to 30 degrees), and the scattered light is focused in
a direction closer to the normal direction of the f£ilm. Thus, the

optical £ilmof the present invention in transmission realizes an ideal



1. An optical filmwhich is a |layered product of a light scattering film
that scatters and transmts light and is constituted by at |east two phases
or nore having different refractive i ndexes each other, and a reflective
pol ari zer by which light is selectively P/S converted. 2. The optical film
according to Claim1l, wherein at |east one of the phases which has a
greater refractive index in the light scattering filmhas pillar structures
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the filmin the normal direction of the filmis not less than 4 % 3. The
opti cal fsuppresseddmodetatdlyaiim ylare2, wherein axis lines of the pillar
structures extending in the thickness direction of the |ight scattering
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optical filmaccording to any one of clains 1 to 6, wherein said reflective
pol ari zert9 sthef bnioh&res® dBereflsetien veThef Léght oAouhee adBerisy@lty of

CRE' is Legég%i%%Aﬁéﬁéﬁlgbﬁignﬁé I];x'aAd:IYréA‘ct\&o@deéA\‘ri?é'té%'b'%}l'about 20 degrees
from the front side, and it is considered ideal to set the maximum
scatter angle at +20 degrees to the normal direction of the light
scattering £ilm. Therefore, the scattering maximum angle of the
optical £ilm of the present invention is considered to be closest to
the ideal point.

Fig. 5 is a schematic expression of propagation of light when
the light enters at about 20 degrees from the normal direction. As
described above, the 1light scattering £ilm 1 of the present invention
tends to scatter the incident 1light of about 20 degrees most
efficiently and then collect the light in the front direction by
focusing.

As described herein, the optical £ilm of the present invention
has the properties of transmitting the light efficiently and
displaying the image clearly without lowering the brightness at the
time of transmission, and collecting the peripheral light, especially
the light from the light source at the front side efficiently in the
normal direction of the £film, that is, in the viewing angle direction
at the time of reflection, and is hence an optical filmmost appropriate

in a transflection type liquid crystal display device to be used in
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in Fig. 7 was laminated.

This filmwas disposed on a back light unit 4, and the brightness
was measured by a photodetector 5. In Fig. 7, measurement of the
brightness in the film normal direction is being conducted by measuring

the amount of outgoing light 6 in the normal direction of the £ilm
with photodetector 5.

Comparative Example

Instead of the optical £ilm in Example 1, an SK80 of Sumitomo
Chemical Industry Co. which is a light scattering adhesive dispersing
transparent fine particles different in refractive index 1in a
conventional acrylic adhesive was disposed on the back light unit 4,
and the brightness was measured by the photodetector 5.

The brightness was compared between Example 1 and Comparative
Example, and it was known that the brightness of the optical £ilm in
Example 1 was higher by 30% to 50% as compared with that of the f£ilm

in the Comparative Example.

Example 2

10
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The brightness of the optical f£ilm in Example 2 was higher by

30% to 50% as compared with that of the filmin the Comparative Example.

Example 3
An optical film was laminated in the same manner as in Example
1 except that a Transmax of Merck Co. was used as the reflective
polarizer 2, and the f£ilm was disposed on the back light unit 4, and
the brightness was measured in the same manner as in Example 1.
The brightness of the optical f£ilm in Example 3 was higher by

30% to 50% as compared with that of the £ilm in the comparative example.
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1. An optical f£ilm which is a layered product of a light
scattering £ilm that scatters and transmits light and is constituted
by at least two phases or more having different refractive indexes
each other, and a reflective polarizer by which light is selectively
P/S converted.

2. The optical f£ilm according to Claim 1, wherein at least one
of the phases which has a greater refractive index in the 1light
scattering film has pillar structures extending in the thickness
direction of the f£film, and the transmittance of the film in the normal
direction of the film is not less than 4 %.

3. The optical film according to Claim 1 or 2, wherein axis
lines of the pillar structures extending in the thickness direction
of the light scattering f£ilm are in parallel with each other and the
direction of the axis lines thereof are orientated in the normal
direction to the film.

4. The optical film according to Claim 1 or 2, wherein axis
lines of the pillar structures extending in the thickness direction
of the 1light scattering film are in parallel with each other and the
direction of the axis lines are inclined with respect to the normal
direction to the film.

5. The optical f£ilm according to any one of claims 1 to 4,
wherein difference in refractive indexes between at least two phases
or more having different refractive indexes of the light scattering
film is in a range of 0.005 to 0.1.

6. The optical film according to any one of claims 1 to 5,
wherein said light scattering film is made from a polymer material
having a radiation sensitive property.

7. The optical film according to any one of claims 1 to 6,

wherein said reflective polarizer is of a lamination type.
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