1 2 F EB 2004 SPECI FI CATION Optical filmhaving controlled
scattering/transmtting characteristics Technical Field The present

invention relates to an optical filmwith controlled |ight sca%éeg' g
characteristic and selectively P/'S converting characteristic. CQQ? th
Art In a reflection type or transfiection type liquid crystal display,
generally, an incident light transmts through a liquid crystal |ayer,
reflected by a reflective film and_transmts again through the liquid
crystal layer, and then a display PREGEFHAEIDhto eyes of a viewer. At
this time, by disposing a light scattering film on the surface side of the
liquid crystal |ayer and/or between the |Iliquid crystal |ayer and

refl ecti veOptidaalt o sE€hlmer hheihgght contecllefige eeatberimriaganzmitiing

w de view ng angle. As these nethods of scattering the light, there are
repr esent athdmAGEerTiptidcFated a method of scattering |light by di spersing
and containing transparent fine particles in a plastic filmor an adhesive
and a nethod of scattering light by roughening the surface of a plastic

film To i@@ﬁﬁﬁ%ahhgiQQ?ghtness inthe transmtting state of transm ssion
or transflection, a reflective polarizes is widely used for converting P

wave or S wave fameedpbysdite Phveshisigerenieadh t6 aussediday hiilef rvngence
of liquid crystal, to S wave or P wave selectively by nmultiple reflection
and t her eb§opiroddedi nidhds ssedttanigist . chiaowererisbhenaddciseleetealwel/S

pol ari zer ht i %5%E§tiV6|y P/'S converted is used in a

by which |i
transfiect?%ﬁyﬁﬁﬁ;?go%ﬂﬁg??gﬁﬁ*

Background Art

In a reflection type or transflection type liguid crystal
display, generally, an incident light transmits through a liquid
crystal layer, reflected by a reflective f£ilm, and transmits again
through the liquid crystal layer, and then a display image gets into
eyes of a viewer. At this time, by disposing a light scattering film
on the surface side of the liquid crystal layer and/or between the
liquid crystal layer and reflective 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 dispersing and containing transparent
fine particles in a plastic f£ilm or an adhesive and a method of
scattering light by roughening the surface of a plastic film.

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 S5 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



112FEB 2004 type liquid crystal display, in particular, there are
problems that the brightness of display is dark and the visibility thereof
is poor. To inprove these points, it is thought to use a |light scatterlng
film But when the conventional scattering filmin which trarispdiEdnill¥ine
particles are dispersed and contained is used, not only the brightness is
| owered at the tinme of transm ssion, but also inprovenent of brightness in

refl ecti ontype NalqueAotteys tlc alispl 8y, Seapaetidifal) thére direesidlams Tt
present invention is devised to solve these problens in the prior art.

That is, aRhefjrdghtoess I@é @im isrdpemmths \Ii@ibpﬁ-éVYd'él%:ﬁoﬁdtS p@@rf ilm
whi ch, mhe use in, for ' stal ay devi ce,

snal | er Iﬂf’o’g?rﬁ’f’ ° thase X ?F{H) s”é l|sl é’l*ﬂughd:ot EEFlanblﬁ}g? ﬁ&Fﬁﬁﬁ’E’é"gsBlJa{% to
realize a Y I e 4k the
prior art. QE*QH%OSEH% ééﬂd%ﬁ%lsﬁgg %é%ﬁ#e i ﬁﬁqgﬁﬁﬁlgr%%£ presen

i nvention gaetidds aediag%pBssed Bﬁd%n%ﬁ&né&i%rdé%ﬂj RPO¥R1Y $habraRht s il m
having the following features. (1) An optical filmwhich is a | ayer ed

product of ia ﬂog@medsmettmaltgméidﬁntﬁnﬂ@m&saimmrsbwmdalmnnmuuwwemeghtoﬁﬂd
I's constituted at |l east two phases or nore having different refractive
i ndexes eEEhQIHE ' 1Rnehleddioact§ RO Hh6PaRgh dechyseHr FoptRTLRG in all

sel ectivel y . g’%iéﬁ verted (2) The optical filmaccording to item (1)
above wherein a east one of the phases which has a greater refractive

index in the |ige yrdkefti Ngvdridi®nhas dddisdia ebrsCivl ahegdt gRsiREsi int he

thickness direction of the film and the transmttance of the filmin the

nor mal the prior art. That is, an object of the present invention is to
provide an optical film 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 £ilm having the following
features.

(1) An optical film which is a layered product of a light
scattering film 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 film has pillar structures extending in the thickness
direction of the film, and the transmittance of the £ilm in the normal
direction of the film is not less than 4 %.

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

plural axis lines of the pillar structures extending in the thickness



direction of the filmis not less than 4 % (3) The optical filmaccording
toitem (1) or (2) above, wherein plural axis lines of the piIIar
structures extending in the thickness 2 1 2 FEB 2004 direction ﬂfzwkght
scattering filmare in parallel with each other and the dlrectlon 0

axis lines thereof are orientated in the normal direction of the film (4)
The optical filmaccording to item (1) or (2) above, wherein pIuraI axis

lines of t &e@tlllofﬁr?§rtﬁé'(ﬂl%%s &gq{.tl%r_.}r%a% %121% ih Helrt 'ﬁéi Jncf:ﬁr&g% t he

l'ight scattering mare i’n e rectlon of

the axis |imeshaaerkdeldmed tmtﬁlrseﬁﬁ%ttﬁ&éoﬁ%r@@ffa{t@ﬁeﬁeﬁi t9onefmdhe
film (5) The optical filmaccording to any one of itens (1) to (4) above,

wher ei n didimdrdoe ph tké riacin.ve | ndexes between at | east two phases or

nore having different refractive indexes of the I|i gg scattering filmis
in a range of 0.dd3 The ephicglefiimaceprding te Atamd d?—*ambapevanthrbf

d lign i
ol yrer ) BT ha i RgS P KhF AaR st e R soiseriys e S i EhprEaT
filmaccorgh g i@nasy tHQQLl%fht' é@é@teﬂ)}gtﬂl%are %Q%’a%al%ﬁrvﬁﬂ?l é@éﬁjother

reflective polarizer is of "a |l am nation type. The optical fil

accordi ng &md ahy @eedfiont @AstHel pxtio J(lﬁl)esabm(ﬁ,ndﬂ[fiﬁéalwuﬁﬁmdspea‘:’t Gt@t thvee
polarizer is a filmnmaking use of selective reflection characteristic of
chol est er i oMmaduidd recyseml of Bhiceffib@scription of the Drawings Fig. 1 is a

di agram show ng t.r smttanecaractelstlc of a light d|f |ng ilm
(ot sontter tng 1 TS BRRRIcFRIT PERRtabRs (Pofug Piroplieens 17'B9L)

above, wherein difference in refractive indexes between at least two
phases or more having different refractive indexes of the light
scattering £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 film is made from a polymer
material having a radiation sensitive property.

(7) The optical film 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 £ilm making use of

selective reflection characteristic of cholesteric liguid 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. 2 is a diagramshowi ng a transm ttance characteristic of a |ight
scattering filmto be used in the present invention. Fig. 3 is an

expl anatory di agram of action principle of a reflective polari ¢ FEBRQ004
action principle of an optical filmof the present invention. Fig. 4 is a
di agram showi ng the visible angl e dependence of 3 12FEB2004 bri ghtness of a
reflective polarizer to be used in an enbodi nent of the present invention.

Fig. 5 is grsfifterBti 6f H 2graRLEHONPYL Rl 96+ 85S bef udddhh bR emRldliReht @E of
the optical filmof the present invention. Fig. 6 is a diagram show ng an
effecti ve soatfreseny iegemoiniom reflection of a liquid crystal display in
an exanple of the optical filmof the present invention. Fig. 7 is an
expl anat ory di agFd®-of &scens¢hpmedticofiessdp|howdndt PEoFRSScHE Lidht oM t he

present inventiqn and_bri ghtness asuri met hod of. this.optical film
Speci 1 ¢ NECILGGroBaPE PG SRICPe T ARY it (116 PRESBRESER VRN | on i s
described in det ai;l, bgl. ' t | SXF ' ;|
conventional Ii g%ftlgs'cgtl’t%évraidr:igg [ mgﬁ?véidegg%flal negttggé{%‘ag%%?%gsﬁ%@%ibg.ﬁl,
and then therlddgibnseatd Qrigngd &iy4Rd1singplde i@Pah Gdtanfpllenmboftidhepprasent
invention is explained by referring to Fig. 2. Fig. 1 is a light
t ransm ssi Bl hefr dbeepresént diranprnddont a |ight scattering filmor |ayer
formed by dispersing transparent fine particles different in refractjve
i ndex in"a pol yndrt%i 'mBrataf*P4aRBEPYE I1AGTERAMN § (FORE §IUIS T 190e S P S
Seatter! Nof RALATHEIA ki Bl Fh BRYEDH QRGbnt] A b8 WAL LRIhR0S HekBLLIng 2!
method of this optical £ilm.

Specific Mode for Carrying out the invention

The present invention is described in detail below. First the
light scattering phenomenon in a conventional light scattering film
is explained by referring to Fig. 1, and then the light scattering
film using the optical film of the present invention is explained by
referring to Fig. 2.

Fig. 1is alight transmission characteristic diagramof a light
scattering film or layer formed by dispersing transparent fine
particles different in refractive index in a polymer film or an
adhesive. As shown in Fig. 1, the light scattering characteristic
of a conventional light scattering film or layer dispersing fine
particles therein shows broad scattering of light over a wide angle,
and the scattered light shows a distribution changing moderately in
all angles.

Fig. 2 shows a transmission characteristic of the light
scattering f£ilm used in the present invention. The light entering
the filmat right angles {incident angle of zeroc degree) shows a certain
transmission characteristic owing to the £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



particles therein shows broad scattering of Iight over a wide angle, and
the scattered |ight shows a distribution changing noderately in all

angles. Fig. 2 shows a transm ssion characteristic of the |ight g%tBtﬁP],; ng
filmused in the present invention. The light entering the fil r% t i ght
angl es (incident angle of zero degree) shows a certain transm ssion
characteristic owng to the film and as the incident angle becones

| arger, theesaaist AuENJLARSIOr RAOCE-drsm@Bbast ek iABens 1 e IRYRIHM SRR Er 1S
observed at a desired angle. Then, as the angle 4 12FEB2Q0 becomes nuch

| ar ger, thecaktaringspebhoimangy desirkaeses agaion, examplehe thecatgler iimgident
performance, decreases. For_exanple, the light incident at an angle of 45

degr ees t 0*BE BRI HR O H° drgneeent @ ¢ deerees hartdhey fidp Aunfesg puhardly
t it . . | t | . al ti | h Istic,
and by makd i HEeo Y BraTefh IR RERLS prir ey ataagab R gral
suffi clent éNasdtieastkd, [ BYABGHEY had of Blid BRarkefdAliNe polgRber. can

be realized. The light scattering filmto be used I1n the present rnvention

is a fil mEohpasgdbae beashffiwieartlyertphesasy MieUahbyadtéf B3R ofNthe
refractive index. It is preferred that at |east one phase larger in
refracti ver¢hRStivenppilatizar £atobengarlizedict ure extending in the

t hi ckness directi@n of the film .The..directions of the axis lines of the
col umar structur eai%gl'r’i{o]tscﬁgft?ﬁﬁ?ﬁq? 3 et‘é‘?]‘?‘jolllB PTERENT PEVEDTHRN

di rect i onsj AL £UNE\@MposlA PR ddherhd Pt mbse ?&%%%E;rﬁ.?cﬂlq]%§¥ffelxﬁegge##e

scattered |ight distribution changes noderate ang : ore
the axis |refosmafivehindet unfiarisiprectnred thattl gt Mexet Piefpagkl Yakier in
parallel to each other. Further, such special optical characteristic can
be adj ust eSEIRAEIVEsLNATT tIRPiGLIE e vEINNRE BGucture extending in the

‘thickness direction of the film. The directions of the axis lines
of the columnar structure aretuﬂ:particularly'limited. However the
more the directions are uneven, the more the light is scattered broadly,
and the scattered light distribution changes 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.
Considering 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 light 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 film of the
present invention may be manufactured by any conventional method, but

it is preferred to form a columnar structure having high refractive



line of the columar structure and the normal direction of the film That
is, the relative angle of the liquid crystal display and viewer differs
dependi ng on the application, but the optical characteristic cah2d&ERB 2004
properly adjusted dependi ng on such differing angle. Considering 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

t he col umardes bice %narﬁjrﬁﬁéammﬁ}?nﬁlﬁ@(ﬁ PHEP eﬁfk@: feRRNGS M3EeF Y ed

be 0 d 45 d Th di
the i ght Shef (UARRACt TR B DBar EPARCLo LIRS el DR BHgT: ST o0Ctilor eo.

in Fig. 2) ﬁné? $‘I£ﬂc %E?ﬁgrédqakﬂgoﬁ%eq cﬁ"i(rgl m%hl %91@%1§8?trﬁae.sﬁd ngdidim used in

the optica resent 1 nventi o e manufactured by any

convent i onghe Nt Drh&adlattlloﬁ,pﬂeé Soist d &P tthr Bx 8 CQAINGTHAr t15d oo tuttzer
havi ng high refractive 5 2 FEB 2004 i ndex by coating a radi ation sensitive

pr epol ymer sbtruconomendnither hadmalodiaegitasni ef finemfidmycay, beyrafjustadibit i ng
the radiation sensitive material with radiation selectlvel¥ wth a desired
mask. Her ethragiating thepgadiationageaeibhve Maserhgl aidh Fﬁ@ aldn [FEAR Bf

t he col ummar tur he nor I rection, of_ .t
adj ust ed b§p3?+$%ﬁﬁ: 28 H%&dﬁgF? +Fé§ﬁ#§|§%v%?|ﬂa Emﬁ%éﬁg%ﬂ% atTon
froma spgehbhes ratak-eal Madebe igda e%&h@@ byl ﬁe@@&@séer&mé}: REERGH Y MBtie OF

nononer material may be polynerized by heating or other nethod. The photo
mask used photormaklatised i iﬂnadﬁaduanlmﬁ1thensadlaMaqnaBensat1V¢nmptbélal

manuf actured by a conventional nethod of manufacturing % nasF. Phot o
mask manuf BRY 14 RENWEAHOEE e e e 19BaR S toPA RS wanuB %'T‘H%ntgh%é’ ahbhy

ggﬂgegt Qﬁg‘éex':“rpth o m%%? n{aﬂﬂEQIE{QPl {%%EL&HE m%&hﬁa' Ale MALBE G'f BE¢hG Y
posé using laser beam X-ray of
el ectron bgﬁatbm{mgﬂa@hlyl &hlohgf b8Rki¥Ee Further, the radiation sensitive
material may be directly scanned and exposed, without photo mask, by
using laser beam, X-ray or electron beam to form a high refractive
index region in the radiatieon sensitive material. The light
scattering film used in the present invention may be also formed by
piercing the plastic £film directly by laser beam or another method,
and £illing the holes with a material having a higher refractive index
than the plastic film.

The radiation sensitive material capable of forming a high
refractive index region by irradiation with radiation is not
particularly limited. Foxr example, there may be used commercial
products OMNIDEX (registered trademark) HRF150 and HRF600 of Du Pont
Co. If theradiation sensitivematerial isones showingbirefringence,
coloring or other phenomenon may be observed and it is not preferred,
but if the birefringence is within an allowable range, presence of
birefringence is permissible. The material for forming the light
scattering film itself is preferred to be a material with high light
transmission.

The refractive index difference of phases differing in

refractive index in the light scattering £ilm is generally preferred



index region in the radiation sensitive material. The light scattering
filmused in the present invention may be also formed by piercing the
plastic filmdirectly by | aser beam or another nethod, and fil H'?FEE%E
holes with a material having a higher refractive index than the plastic
film The radiation sensitive material capable of forming a high
refractive index region by irradiation with radiation is not particularly
limted. FbP hexamplas, atisfimaahdyebindesedifbenenad af 0.906dtets I0VNIHEXthe
(registered trademark) HRF150 and HRF600 of Du Pont Co. |f the radiation
sensitive ﬁ%\%%?"rta“ivei N dediEitaancg 5 tess thagdnees., 1@@|Sdmtqgaﬁy tgphéfﬂln
henonmenon rv nd.it is _not preferred,  but if the bire
Pi ngence ig%fﬁﬁﬁggﬁgalsl%%ﬁsf‘%n? aff QFaBngéJ_e%t(?é:'of MoTe ePFPﬁ@_EW&JeY'i sthe
per M sSi bl ezl 17l oy Tl rbRbALAT1ENen! bOMangSCREL 81 DRILLT il tSRRL TS

preferred to be a material with hig I ght tranSm sSion. The reéefrac

i ndex di f f eefrenet iofe pileiess maiyf ohahog bodaeelfy agd it iderrhbet Be ki ghgn
scattering filmis generally preferred 6 1 2 FEB 2004 to be set at a
refracti veTBHeRSE igef indashcegben @ndoo® theriphdse ,Vheh atgie f erebdastdtrering ex

dif f erenge_is less.than 0. 005, jt_is not easy tQ obtain a sufficient
scatteri ng&&?ﬁi FEFeFi &5 [T 5% FBRRLFHangk 9rAgRREEY i ve | ndex

diff is i t . f | ve i ndex change
suddent v at ' the i GF ey HefR fhe rbrCBPrd BT AEL L o BRSHHETYS SHRE:

phase, buttie [br ehes rfdtEealicddeny 1 diar ast €idw if Figy.0B| aimiedehen £ hgaged
gradually. On the other hand, the reflective polarizer 2 transmts only
the P waveS dfa\tehe apAcfaskhey ityiensad tshvin B wakegef 3headdghef tetlectelieby S

wave, and 'El'i‘é tﬁ?le%ﬁ:ggg .EEcSe toli:lebgck Viegh%f u;[rtsg olzcI %ﬁgz Jtielge la%((:it ggff cts the
S wave. While 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 polarizer. The reflective polarizer 2 is available in
laminate type and cholesteric liquid crystal type, and they are equal
in effects.

Touse thisreflective polarizer 2 in the liquid crystal display
of cellular telephone, PDA or the 1like, 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 wvisible 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



the ref lection f ace of back light unit or the like and ref lects the S
wave. Wile repeating this action, the S wave is converted into P wave,
and the S wave that has not been used hitherto can be utilized, 1 ?HB @g,}
therefore the brightness is raised notably by the use of the refTecti

pol arizer. The reflective polarizer 2 is available in lanmnate type and
cholesteric liquid crystal type, and they are equal 1in effects. To use

(I el eahutnRoLAras o ol L cstal oo Lty of cell g

t el ephone, or "t he 't "i'STrequiT ex _ nes

ref] ecting (1aban edfpsdtitidl sneéd Ssklio DihgBNgS s ght adISHe TR 0%
much, the brightness in reflection is lowered. Tt™is the primary obj o]
t he presentthienvagit ldght dspraidiedeedn aoftdctalrs the FeF TRAlvE R & iRki-ghtrnand
visible excel l.ent inmmge in both transm ssion and reflection states in the
liquid cr yslP&Fd&P*s’plhga%fls Eurthenrenhanepfobie brRPAtness ey [F/BecoTharsabar e

: i Sti i i f th nt invention is
exol o ned- PPAAC AR FEBELPT VB0 (0 SrSRptBRati OH: GGE CePang. CHHRr bot Bhst | o
: . i.Sei ] tj s, described while referring

W50 to Fi oy Shits 808 THERL koAl Ehd T pAE AN teRind ERER 1 FRaUE i iRiney O

is a brightngie demsdrndenitiel a9 shfowhi OMiFilr, oM tHha mt}l&g@aﬁsn&%gg&gqﬁq&h +
outgoi ng through the reflective polarizer 2. Usually, by the (T'r/ght
col I ecti ng tERBEN} t§ JeRre meawe thackormahtlimei tpdt tiee | trghismiitoahcs edorek

light is c d d enters the reflective polarizer. The incident
Iight E f%r“%ﬁg%’?edr%gﬁ%é”&ﬁf*ﬁ BralentHis 2BY t'h’esgwﬁgﬁ.bwh’mm“@-tﬁ’e
and gets iatguhdedo ré&&Atd ShieNthfddiM dhe TPEat E.rs?r:l:%rg SSat¥bring Teachas
|ight scattering film1l shows the view ng

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 £ilm while minimizing the effect
of scatter.

In the present invention, the BEF is not particularly required
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 film (the region
of relatively high transmittance), and the light transmits without
having effects of scatter practically same as described above, and
the light around +20 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 film
dispersing transparent fine particles in an adhesive, the light
scattering film 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 film. Thus, the

optical film of the present invention in transmission realizes an ideal



angl e dependence as shown in Fig. 4, and when the transm ssion |ight

' ' I ttance becones snaller
transmts nore near the normal |ine and the transm ce
at the wider angle side, and the transnission becones n1n|nun1ﬂaﬁﬁggfﬂﬁg1
degrees to the normal line, that is, the scattering reaches the

In the case of transm ssion, since the incident light is collected ar o]tcmd
20 degrees as described above, the light is emtted in the direction o

normal |inélgplathestfatiemhilghl énnthé nbzigigrddse ahf eat n%éf%itr%rctgbﬂké{l? "

present invention, the BEF is not particularly required in the bac ) 1 g

unit, and TOPRERISSYMoAeraEpty i gderal ways needed. In this case, the

Iighi I nt ense req%}gjrli.n the center is the region near the normal direction
tter

of the light sca §eRiEOP e the §EBRCT S thel ertiigallyEiHingdE the present

' | ' ' ' f scatter
t mtta i it pran s Wt hout . having effects of ¢
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| s¢atteriingseabien et aadipde fABes giheh Ne, RELI BOEI¥ay Wual Ly, as
E:g(rarpg(r)regavm th an org(Sji ngry film di sperrgblﬁnggt ransparent FI ne ‘parti %T%?%r a
light scate¥? @f themepilicylefsimph thnsprssait findenPasd | C‘I‘Pzé_feﬂn%nof 10
adhesive, the |ight cattering film1l used herein is small in the _
scattering eaq{gqeggmh 1%\ FEGETe 8Ty d Heh s ikl eltangdfess ofit +20 idegrkeeghind n

ez S B s R PP gt A R
the optical. 11 1mol the. prodert Pagsars (ovort EChha g onteripries e
i deal 8 1 PHRIBfIbOswIfspkals stateehedimost Lieedydight Messh iddnthenRQrdTel
direction 1‘.ac>nd‘the.S uBP:E.Sﬁ‘EnGedssnD{jr?rfa'éfGlegcf!i%nql arTeIie light source is usually
considered to be positioned in a direction deviated by 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 film. Therefore, the scattering maximum angle of the
optical film of the present invention is considered to be closest to
the ideal point.

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

As described herein, the optical film of the present invention
has the properties of transmitting the 1light 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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Expl ai ned below is the effect of the optical f il mof the present
invention in reflection. Fig. 6 is a diagramshow ng a maxi num scattering
region of visible angle given by the optical scattering film of 2tHEB 2004
optical filmof the present invention. The range of 10 degrees to 15
degrees around the visible angles of +20 degrees and -20 degrees is the
angle contributing nost to the scatter. That is, the light inclined by 20

degrees frqmitiespog irectyQn _of the ., optical filmsurface is scattered
nost intensely, \%hi cﬁ%%%é?e'btﬂ])g’sort Bh?ﬁlel ightness in reflection. The

| ight source is usually considered to be positioned in a direction
devi ated by about 20 degrees fromthe front side, and it is considered

i deal to séesth¥odexfourfamsganigebuanghe mtestdtdegh&es o t he nor nal
direction of the |ight scattering film Therefore, the scattering nmaxi num

angl e of the opt B8l PFESANS! inNenpiesens idesentban nSre€0spe A1ty b
cl osest to i point. Fig. 5 is a schematic expression of
pr opagat i oﬁegpfﬂgﬁ?ﬁwgﬁ%%ﬁﬁaI?“Eﬂﬂdl@ﬁfﬁé?s it dbothouid Hegrages fhamthhe
normal direetkeRt ASvertes iiRed,abpye, & light scattering f ilm1 of the
present invention tends tolgcg??e?i/rﬁteec{l]%& agﬁ?el‘? 15‘?“%%0%&0“20 degr ees
nost efficiently and then collect the light in the front direction by
focusing. As described herein, the optical f ilmof the present invention
has the pr Eﬁ@F‘PJr%sl of transmtting the light efficiently and displaying
the image clearly withroeﬁ]iel wering the brightness at the tinme of

e

transni ssion, and-&dfl WRePHERATIFRET dF ¢ iRPHF, ofsPé il ys wdml | iaght

fromthe | aghdcspuire : r [ effigi.en in the  nornmal
direction of the fil %&{eﬁg?gi E‘P%En c‘?)ﬁggei Iéévl ﬁidsahbtx‘g W Fedbickress ofhastine

reflecti onfmandni ¥FReFFl (0 optiiloshial-fm cE@:St.v_aap&Her%réda’cﬁezaéJh s a light
transflection té/lp_e | iquid crystal display device to be used In
scattering £ilm 1, and an optical film having a structure as shown

in Fig. 7 was laminated.

This £filmwas disposed on a back light unit 4, and the brightness
was measured by a photodetector 5. 1In Fig. 7, measurement of the
brightness in the filmnormal direct ion is being conducted by measuring

the amount of outgoing light 6 in the normal direction of the film

with photodetector 5.

Comparative Example

Instead of the optical f£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 in g
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 film in

Example 1 was higher by 30% to 50% as compared with that of the f£ilm

in the Comparative Example,.

Example 2

10



9 12 FEB 2004 cellul ar tel ephone, PDA or the like. Best Mdde for Carrying
out the present invention The present invention is described nore
specifically by referring to preferred enbodi nents, but it shpplrEpegpot ed
that the present invention is not limted by these enbodi nents al one.
Exanmple | As a reflective polarizer 2, a DBEF of 3M Co. was used, and an
acrylic adhesive 3 was coated on this DBEF in a thickness of 25 Pm An M
50A1000 of M croskapptioal VddmaghedendinderEon the aahé glhhnes cat ireEkagpiée | m

1, and an optical fil m havi ng a structure as shown in Fig. 7 was
| ami nat ed. 1T9¥EHt Fhat S CHABP e Hitho DeapkekCei gias uned af thedefiective

bri ght ness . ured a otodetector 5. In Fig.. 7, nmeasurenent of
the brigh oLaR1 181 2 cipa Pi)f‘r% ﬁg#rqfﬁdﬁasdigjr%%%ﬁe@n"?s{}lf‘ei%%&k PRYE §y and
measuring +f f t 9ol i ght [ ' ' the f
ilm with phgtafnfdieqnetcﬂ{eg(rg %’.Qgc’g?r%%%éét‘% 32 Exﬁ%n%"gﬁ‘r?gﬁéggé‘%gi‘{ %%%@ﬁ?% g{a1 film
in Exanple 1, an T86rabhtuess @rothdopical dindush mkaEpleWieh Hiyrer hght
scattering adhesive dispersing transparent fine particles different in
refractive3Phdexdlinas compavedwithdhaszafythefhthdsi the Gampatiagpos @&tanpléhe
back light unit 4, and the brightness was neasured by the photodetector 5.
The brightness was conpared between Exanple 1 and Conparative Exanple, and
it was knomaj;lﬁtpé 4 he brightness of the optical filmin Exanple |I was

hi gher by 30%to 50-% as conpared with that of the film in the Conparative

Exanpl e. Exanpl e #h optical £ilm 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 film 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 film in Example 3 was higher by

30% to 50% as compared with that of the £ilm in the comparative example.

11



101 2 F E B 2004 An optical filmwas |lamnated in the sane manner as in
Exanple 1 except that a PCF400 of Nitto Denko Co. was used as the
reflective polarizer 2, and the filmwas di sposed on the back,l Eh ﬁ

4, and the brightness was neasured in the same manner as in é%g A0 The
brightness of the optical filmin Exanple 2 was higher by 30%to 50% as
conpared with that of the filmin the Conparative Exanple. Exanple 3 An
optical filmwas lam nated in the sane manner as in Exanple 1 except that
a Transmax of Merck Co. was used as thepefl ective polarizer 2, and the
fil mwas di sposed on the back Iight unlt , and the brightness was
nmeasured in the sane nmanner as in Exanple 1. The brightness of the optical
filmin Exanple 3 was higher by 30%to 50% as conpared with that of the
filmin the conparative exanple. 11 1 2 FEB 2004 CLAIMS 1. An optical film

which is a | ayerednpsmigdrfilnivhizhlis ahéye?@@f)toaubﬂ@'éh@ﬁﬂsbbnénngsmamars and
transmts light and is constituted east two phases or nore, having

di ffer erﬁcarﬁéfsr%ﬂﬁ frarsmity st andds ﬁomtwéted byr7d least bye BB@?QﬁeorﬂBPrﬁrhai’E}g by
whi ch l:ﬂﬁ?%rhe'nﬁref%‘ac'tﬁéfdd\é%é’ egélfoﬁ%'?vﬁ{ot§ 0L Eblﬁ r aﬁ\t@ﬁlbhﬂ ﬁ’tle the

phases as a greater ractlveln ex Int scattering film
has pi | Isaeleoib:elyd?l&rmveneéndhergm at |eam mlamflttnmplsasaﬂwhcln hesagfreatae film

therefratlveJ dex he terf ce

ot ot | GrarR AR i BERT SeeRs Trm el il SR SRR R Rk s |
in the n@irémbn odtrreemm @Hib ﬁéfratdnee fndemohan@&i gladgslly aathe dntfas oﬂ'élgreamrl cal
fil maccording erein axis |lines of {1

structur @éfaest\teewe%ghaw ?H‘é af‘ﬂﬁhék RBase g K transnyitangseot tﬁs ﬁimé’b&’t"t'@r’?‘ﬁb
filmar edl'rébtlgﬁro?'tﬂéehm Wi e |%a;‘qhaﬁt4hgr and the direction of the axis lines

thereof are orientated in the nornual

2. 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 film are in parallel
with each other and the direction of the axis lines thereof are orientated in the normal

direction to the film.

3. The optical film according to Claim 1 or 2, wherein axis lines of the pillar
structures exiending in the thickness direction of the light 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.
4. The optical film 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.

5. The optical film according fo any one of claims 1 to 5, wherein said light

scattering film is made from a polymer material having a radiation sensitive property.

12



direction to the film 3. The optical filmaccording to Caiml or 2,
wherein axis lines of the pillar structures extending in the thickness
direction of the light scattering filmare in parallel wth eggngbg@@ and
the direction of the axis lines are inclined with respect to the n
direction to the film 4. The optical filmaccording to any one of clains 1
to 4, wherein difference in refractive indexes between at | east tw phases
or nore having different refractive indexes of the light scattering film
isin a range of 0.005 to 0.1. 5. The optical filmaccording to any one of
claims 1 to 5 wherein said light scattering filmis nmade froma polyner
mat eri al havi ngé.a Thatpicabfilnsawairding ¢o phppes by claih?s 1 @ 6FwBe2NV4aié. The
optical fil] .accqrding tg ﬂgx,one of claims 1 to 6, wherein said

ref | ect | RICpMERYIerisob lamingliemPeon type. 7. The optical film according
to any one of clainms 1 to 6, wherein said reflective polarizer is a film
maki ng use of selective reflection characteristic of cholesteric liquid
crystal. 13 7. The optical film according to any one of claims 1 to 6, wherein said

reflective polarizer is a film making use of selective reflection characteristic of
cholesteric liquid crystal.
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