TI.TLELE THE I NIVENTI ON OPTI CAL FILTER AND LI QUI D CRYSTAL DI SPLAY DEVI CE
COVPRI SI NG THE SAME BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
The present invention relates to a filter for a liquid crys- tal display
devwi ce, which will w den an angle of view when the filter is fitted to the
liquid crystal display device such as liquid crystal TV set, a liquid
crystal display of a conputer, and sd &ir. DESCRI PTI ON OF CONVENTI ONAL ART
In*hese years, a liquid crystal display device is expected as a display

devi ce mh[ﬂmlggnEggﬂQgggghﬂmnﬁp cat hode ray tube (CRT), because of its
characteristics such as its thinness, light weight and high picture

qual i ty. ASPEGAlLEHITERANRLIQUID I@YS‘&AL@I&M‘&DE&M]@EIG@M@I&NG there
have been1gﬂé Io ed a TN type, a STN type, a ferroelectric type or a

pol ymer di type and a liquid crystal display device with

mul ti col org def ercially sold. Wth the
demand fo =ttrer~level opnent of high-vision technique,
an enl ar gi di spl ay device is being spread.

Most of t “Bplay devices mainly use the TN or STN as the

addr essi ng node. S”%éj‘gﬂ?l gﬁggﬁvgﬁﬁ'ﬁnh f’esdrté""gaﬁfgert r??hé”h@ﬂgl Sty’f vi ew

I n which the image has ory q y s narr

ert of de Bncepiay, Herles NRM WL WRSEn o |G, BraKew I el gt "

det eri or atieditted to the liquid crystal display device such as a liquid crystal
TV set, a liquid crystal display of a computer, and so on.
DESCRIPTION OF CONVENTIONAL ART

In these years, a liquid crystal display device is expected
as a display device which can compete with a cathode ray tube (CRT),
because of its characteristics such és its thinness, light weight and
high picture quality. As addressing modes of the liquid crystal
display device, there have been developed a TN type, a STN type, a
ferroelectric type or a polymer dispersion type, and a liquid crystal
display device with multicolor and high definition is commercially
sold.

With the demand for a large area display and development
of high-vision technique, an enlarging projection type display device
is being spread.

Most of the liquid crystal display devices mainly use the
TN or STN as the addressing mode. Such addressing mode has a
drawback that an angle of view in which the image has satisfactory
quality is narrow since, when a displayed image is viewed from an
upper or lower angle and/or a right or ]eft side angle, brightness and

contrast of the image are considerably deteriorated.



- 2- As one of nethods for the inprovenent of the above
drawback, a nethod for correcting a pretilt angle of liquid crystal

nol ecul e using an orientation separating technique has been proposed.
However, since this nethod makes the production step conplicated and

I ncreases a production cost greatly, it have not been generally enpl oyed.
As a sinmple nethod, there is known a-rethod for diffu- sing light in a wide
angl e range by the provision of a diffusing sheet conprising a transparent

substrate and trans r §R& &1 Hf'etﬁaagHsyqﬁe%gltb\)éﬁy@maofiitﬁgeég&;e refractive

index fromthat of the substrate and are dispersed in the substrate or a

| ens sheedr@nback] @irfletHodtfal chirsddting PenstetiltMainighe t dfe liduid usrystalsheet can
wi den the angle of view, it greatly decreases the brightness. The | ens

sheet reqmalesufe nsirgljarstorentation negdpraratipige tachmiglieanas BMAMRY OF THE

| NVENTI ON An object of the present invention is to provide an
optical fprepesathi cHowaveri sinceathiangnethed makes theaprodusticrcsiepal di spl ay
device readily, and is produced easily and equipped to the liquid crystal

di spl ay deemgiicated and Incregsgenar PEAUIION,COsh ARtk haNgcRO! BPart o

provide a_liquid c I spl ay device on which the above optical filter
is fi tted_gen%raﬁiy éﬁ(‘%i&eccgrdi ngly, the present invention provides an

optical filter for isl %gmég*g{ﬁ{?ddkﬁ&lﬁ% q&yd"@,?fa} Cerﬁémo%r Iefﬁgé:@ yé pol ymer

filmwhich conpriseS™t ayers "having rve index
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| ayers i scomgieingaaotraiiparent Gubktaitd Bnt temspeeeatdine particles
which have a different refractive index from that of the substrate
and are dispersed in the substrate or a lens sheet on a liquid crystal
display panel. While the diffusing sheet can widen the angle of view,
it greatly decreases the brightness. The lens sheet requires fine
adjustment to make a picture clear.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an optical
filter which can widen an angle of view of a liquid crystal display
- device readily, and is produced easily and equipped to the liquid
crystal display device.

Another opject of the present invention is to provide a
liquid crystal display device on which the above optical filter is
fitted.

Accordingly, the present invention provides an optical
filter for a liquid crystal display device, consisting of a polym-er
film which comprises two types of layers having different refractive
index which exist alternately in a laminated state (which will be
explained below), wherein a difference of refractive index between

two types of layers is in the range between 0.0t and 0.1, an average



-3- thickness of each layer is at least 0.8 [err]mand less than 2 [err]m
and a thickness of the polyner filmis in the range between 10 to 300
[err]m Further, the present invention provides a |iquid
crystal display device conprising a |light source nenber, a back

pol ari zation plate, a liquid crystal cell plate, a front polarization plate
and the above filter of the present i vention which is provided in front of
the liquid crystal cell plate. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 sclifjeressiofVeddd eyt isﬁ&?rleéétross W 4Hd 146 BeAy 2 unk] lafidageor di ng

to the present 1nvention, and |1 ght transm ssion characteristics.

Fig. 2 isthickness \ofetheopolymepfimaisidnfthe irangdi bétween M tgB0®Lmbe

pol ymer film Fig. 3 is a perspective view of an apparatus for
i rradi ati ng UV | i ghFudherhéheopsesantf invantion provides ariiguidi ¢rystal

transm ssion spectrumof a jnterference filter used in the Exanples.
Fig. 5 shgiﬁeP!%eriQ ﬁ'@%eﬁfé‘#&@né}ﬁméeﬁaéeb%kapﬁlialr;&@lt‘o@n an

Fi g. ¥ied ¢QMPRSHIA : _
et dent Bee i bl cetholate. 3 FanCodlihAasiir deld Fhathel 217 oo
angl o of Gp8ue flser of the Aredentibyeliion WhkH i€ BrRbe in BRI ME"
BEI;S?:(I;?PTI'?r %S%E?I\%ml of view (No. 2) in the Exanples. DETAILED
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically shows a layer structure of the
polymer film according to the present invention, and light |
transmission characteristics.
Fig. 2 is a side view of an apparatus for irradiating UV
light on the polymer film.
Fig. 3 is a perspective view of an apparatus for
irradiating UV light on the polymer film.
Fig. 4 is a transmission spectrum of a interference filter
used in the Examples.
Fig. 5 shows a method for measuring dependency of haze
of a filter on an Incident angle of light;
Figs. 6 and 7 are a front view and side view of a liquid
crystal TV set on which the optical filter is fitted, respectively.
Fig. 8 illustrates a method for measuring an angle of view
(No. 1) in the Examples.
Fig. 9 illustrates a method for measuring an angle of view
(No. 2) in the Examples.
DETAILED DESCRIPTION OF THE INVENTION
In the filter of the present invention, the two types of
layers exist alternately in a laminated state, in other words, in a



In the filter of the present invention, the two types of |ayers exist
alternately in a lamnated state, in other words, in a

-4 - blind state. That is, the two types of |layers exist so that an
angl e between an interface of the layers and the normal line to the
pol ymer filmsurface is in the range between +70 degrees and .70
degr ees. An exampl e of the |aye#s which exist in the |am nated state
I s 'shown in Fig. 1. In Fig. 1, an angle between

the interigpnpg Qfaté.he‘ﬁh%ggl%g tA8%wo typest&eld?/érrgféxiéi 39 jiatl BA_gagler Tilm

surface i s represented the"angle a is Trom +70 degrees to

- 70 degr egetiveem hReinmeriaoé of fife layers andnthelamgrmadlglite ftoothd hsolymier si de
of the polynmer filmis diffused in a range having an angle [err].

The degr edilmf sarfgte iseinr thelepagdsbetwadre +9ilgldegaees and -70 degrees. I n
Fig. 1, the liquid crystal cell plate is present on the . left side of
t he pol ymén fexaﬂ!pkﬁhio%/ethGyé?yeﬁeWbmh leXisti ghthe i lamipatad state is shewyner
film Since a range of angle [err] is determ ned according to the

range of tMdidndte of view which is required for the specific Iiquid
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range having an angle §. The degree of angle 3 depends on the angle c.
In Fig. 1, the liquid crystal cell plate is present on the
left side of the polymer film, while eyes are on the right side of the
polymer film. Since a range of angle § is determined according to the
range of the angle of view which is required for the specific liquid
crystal display device, the angle o is selected depending on the angle
3. |
An average thickness (d) of each layer is at least 0.8 um
and less than 2 um, preferably between 0.8 um and 1.99 pum.
The average thickness (d) of each layer is calculated as
follows:
-Light having the single wavelength of 1000 nm is
impinged on the polymer film at various angles, and an angular
distribution of diffused light intensities of outgoing light is
measured at each incident angle.
-Among the distributions of the diffused light
intensities, the distribution at the incident angle at which a peak of

the diffused light intensity of the outgoing light is maximum is



measured at each incident angle. - Anong t he

distributions of the diffused |ight intensities, the distribution at
the incident angle at which a peak of the diffused light intensity
of the outgoing light is maximmis sel ected, and an angle (20)

between the incident light direction and the direction in which the peak of
the diffused light intensity is presend-is neasured, whereby the angle
[erT] is obtained. An average refractive index of the two types

Br ag conti TS a1t ARE" (20) Bl AREL skt igF ek’ dbet " "
16005y hecgrtfioh e uen: e Bk MRChgGiBNEHStoft ielfafy e oot

The di T ergBsantis Mbaddidd whBrsy, es \aiifle! §Gs' YRindies: of 1ayers 1S

between 0.01 and 0.1 n the erence s | ess an 0. 01, the optical
filter does not provjdeade Irab@tivan ViRRW. n!gﬂﬁpl t ue of
the refractive index of eaﬁgﬁf a@g@%}axéﬂﬂﬁf%&fgﬁ Pﬁéo* r asdft%g\ég%’fference
i s within thBelighowRveldiifth, an Theg i o; rfcliJve index
bet ween the two types of Péyerdst%eana%%]errga%%fg %égﬂ?ggl%‘méﬁé Qt%dg

Wth a sagdrriigént Bguagbwier filmhaving a thickness of about 10 [err]m
measurenent is performed using an interference phase-contrast m croscope

(1 NTER- FACO manuf achueesdmdind ENA, Germany). First, an optical phase
constant value in an air of the layer having the higher refractive index is

measured iwhereimin .isTiRNaverage refractive index of the two types of layers,
A Is the wavelength (1000 nm), and d is an average thickness of the
specific layer.

The difference of refractive index between the two types
of layers is between 0.01 and 0.1. When the difference is less than
0.01, the optical filter does not provide a sufficient angle of view.
An absolute value of the refractive index of each layer is not limited
insofar as the difference is within the above range.

The difference of refractive index between the two types
of layers can be measured as follows: |

With a sample of the polymer fiim having a thickness of
about 10 um, measurement is performed using an interference
phase-contrast microscope (INTER-FACO manufactured by JENA, .
Germany). First, an optical phase constant value in an air of the
layer having the higher refractive index is measured in an air. Then,
a phase contrast value in water of the same part is measured. From
these values, a refractive index (ngn) of the layer having the higher
refractive index is calculated according to the following equations
(1) and (2). Next, by the same method, a refractive index (ngp) of
thelayer having the lower refractive index is calculated according to
the following equations (3) and (4). Finally, a refractive index



a phase contrast value in water of the sane part is neasured. Fromthese
val ues, a refractive index (n[err]) of the |ayer having the higher
refractive index is calculated according to the follow ng equations (1) and
(2).. Next, by the sane nethod, a refractive index (n[err]) of thetayer
having the lower refractive index is calculated according to the follow ng
equations (3) and (4). Finally, a refr@ctive index

-6-- difference (nHL) is calculated according to the foll ow ng equation

) i = - -
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nferr] = n[err] - n[(8) Ny wadBeiyn,n{ By N )4Ray eRyadti ve 4 ndex of the |ayer
havi ng the higher refractive index, nOL is a refractive index of the |ayer
havi ng the | ower ref(Bhdtiy/8dingelioLnt 81} Ngs ~dNalefractive index difference

between the two typ of layers, R err] jis.a phase contrast value in the
air of the |ayer haﬁ)@&h‘é (ﬁegﬁer‘ ﬁet&aﬂ?ﬁtme‘nﬁdgx, Rlerr] is a phase

contrast value in wgﬁfr of _t he 1%yer havi ng the higher refractive index,
Rlerr] is a phase ¢ et =V9HUe™h the air of the | ayer having the | ower

f I's a , . ! ' e
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(1.00), andfradtive ndéf ' %ﬁ_i 1€ al Pefeactife IRHEX dflflfé”)l?%?r ving the A

thi ckness of polynmer film' s between 10 and 300 [err]t en the thickness
of pol ynmerdower nrefeadthas ihtex, Jrg.H[ 451 anrefrdctivadtindak difldrénceopatwedn provi de

a sufficient angle of view Wen the thickness exceeds-300 [err]m the
angl e of (hewwndypestofi tayerss®,y is a phase contrast value in the air of
the layer having the higher refractive index, R,y is a phase contrast
value in water of the layer having the higher refractive index, Ry is
a phase contrast value in the air of the layer having the lower
refractive index, Ry is a phase contrast value in water of the layer
having the lower refractive index, ny is a refractive index of the air
(1.00}, and n, is a refractive index of water (1.33).
A thickness of polymer film is between 10 and 300 pm.
When the thickness of polymer film is less than 10 um, the optical
filter does not provide a sufficient angle of view. When the
thickness exceeds 300 um, the angle of view does not increase
further.
To produce the optical filter of the present invention, the
method described in JP-A-6-11606 can be used. _
That is, a film form body of a composition comprising at
least two photopolymerizable compounds having different refractive
indices is irradiated with UV light having a wavelength of 400 nm or
less from a specific direction to polymerize and cure the

composition.



further. To produce the optical filter of the present

I nvention, the nethod described in JP-A-6-11606 can be used.

That is, a filmformbody of a conposition conprising at |east two

phot opol yneri zabl e conpounds having different refractive indices is
irradiated with UV |ight having a wavelength of 400 nmor |less froma
specific direction to polynerize and-clre the conposi tion.

=74 Exanpl es of the photopol yneri zabl e conpositions are those

used for producing i [ | ; i n
JP- A-3-107901 and U?igar?gtrﬁsr %‘égr%@é@g%men%m?lgb@ 2. T?naé)g?ksécl osur es

of these UBoBataséd forepfuiueing iadightoregudating plater adeh are describedA
specific exanple of the conposition is a conposition conprising at | east

two of noriondPsA{3A103801 canallFoRatent(Bpshak928,523paadopol 13ERRzaldlhe doubl e
bond and different refractive indices. Arong the conbinations of the
nononers (Hgclasures of theseekS Ratents asavhealyoinasperaiednBYref ractive

i ndex difference of. between 0.01 and 0.1 is preferably used.

Speci fic dRIRMARSE0f the nonomer (A) are tetrahydro- furfuryl acrylate,

erylate, nonyt phend AR SoRRglC B e SlRoRio 8 8 cBRRGAAR. 21
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Among the combinations of the monomers (A) and/or oligomers (B), a
combination having the refractive index difference of between 0.01
and 0.1 is preferably used.

Specific examples of the monomer (A) are tetrahydro-
furfuryl acrylate, ethylcarbitol acrylate, dicyclopentenyloxyethyl
acrylate, phen'ylcarbitol acrylate, nonylphenoxysthyl acrylate, 2-
hydroxy-3-phenoxypropyl acrylate, w-hydroxyhexanoyloxyethyl |
acrylate, acryloyloxyethyl succinate, acryloyloxyethyl phthalate,
tribromophenoxyethyl acrylate, isobornyl acrylate, 2-ethylhexy! )
acrylate, lauryl acrylate, 2,2,3,3-tetrafluoropropyl acrylate,
phenoxyethyl acrylate, and methacrylates corresponding to those
acrylates, N-vinylpyrrolidone, N-acryloylmorpholine, and so on. They
may be used independently or in admixture of two or more of them.
Specific examples of the oligomer (B) are polyol

polyacrylate, modified polyol polyacrylate, polyacrylate comprising a
isocyanuric acid backbone, melamine acrylate, polyacrylate having a
hydantoin backbone, polybutadiene acrylate, epoxy acrylate, urethane
acrylate, and so'on, These oligomers may be used independently or in

admixture of two or more of them.



phenoxyet hyl acrylate, and nethacryl ates corresponding to those acryl ates,
N-vi nyl pyrrol i done, N-acryl oyl norpholine, and so on. They may be used

i ndependently or in adm xture of two or nore of them Speci fic
exanpl es of the oligoner (B) are polyol polyacrylate, nodified polyol
pol yacryl ate, polyacrylate conpri sing | socyanuric acid backbone, nel am ne

acryl ate, polyacrylate having a hydant®i'n backbone, pol ybutadi ene acryl ate,
epoxy acrylate, urethane acrylate, and so on. These oligoners may be used

i ndependently or in Eximplesy efofhd Vp‘-hole BlyrRefikableedomposition
- 8- Exanpl es of the photopol ynerizabl e conposition conprising

at | east tampfisinge atdeasttwo( af talednmnmhewfﬂ)saw&oraobganm&p(c&htlon of
at least two nononers (A), .a conposition of at |east two ollgoners , and
a conposi tal§naofomposition ‘onat #ﬁﬁﬁin@vo (mpnamerst (A ad tcynpositiogo et rat( B)

é‘f?;ﬁnéﬁ‘e?éﬁsﬁw é‘ﬁ’é%teb?%?f dfid o"E3mpRRIIR Sxaimipalt BRe: RONGGRE nat i ons
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acryl ate; gggﬁ%%ﬁe%‘ﬁ??ﬁﬂﬁ L?ﬁggﬁéfr?ﬁeagggaﬁﬁ pma?ycf# Igﬂéye €r ur et hane

acryl ate; and so on.Specific examplé& b'ﬂeth@oﬁbﬁmlhhﬂawfoﬁtthéem‘anoﬁﬁ@rs

phot opol yneri zabl e nmononers and/ or oligonmers, a weight ratio of a conmpound
havi ng a HiAjhandfoef oligoimees i (Bjearedfa monomernpbatalningotrit nyephémoxy

conpound having a |l ower refractive index of, for exanple, less than 1.5 is
pr ef er abl ;actwlaXQeand polyetheruirethane aqﬁyl@ne;r #lmobemeregostainingl 22: 8.

hydroxy-3-phenoxypropyl acrylate and polyetherurethane acrylate; a
monomer containing phenoxyethyl acrylate and polyetherurethane
acrylate; and so on.

in the composition of at least two photopolymerizable
monomers and/or oligomers, a weight ratio of a compound having a
higher refractive index of, for example 1.5 or larger to a compound
having a lower refractive index of, for example, less than 1.5 is
preferably between 9:1 and 1:9, more preferably between 8:2 and 2:8.

A specific examples of such composition are a
composition comprising 2,4,6-tribromophenoxy acrylate and 2-
hydroxy-3-phenoxypropyl acrylate {both compounds having a higher
refractive index) and a urethaneacrylate oligomer (a compound having
a lower refractive index} in a weight ratio of about 3:3:4, and a
composition comprising 2,4,6-tribromophenoxy acrylate and 2-
phenoxyethyl acrylate (both compounds having a higher refractive
index) and a urethaneacrylate oligomer (a compound having a lower
refractive index) in a weight ratio of about 3:3:4.

A composition comprising the photopolymerizable mono-

mers and/or oligomers according to the present invention preferably



A specific exanpl es of such conposition are a conposition conprising

2,4, 6-tri bronophenoxy acryl ate and 2- hydroxy-3-phenoxypropyl acryl ate
(bot h conmpounds having a higher refractive index) and a urethaneacryl ate
ol i gomer (a compound having a |l ower refractive index) in a weight ratio of
about 3:3:4, and a conposition conprising 2,4,6-tribronophenoxy acryl ate
and 2- phenoxyethyl acrylate (both comfounds having a higher refractive

i ndex) and a urethaneacryl ate oligoner (a conpound having a | ower

refracti vechpgifing hncan\@ﬁhﬂbﬁalr ?gio‘?ol%l ; atiors: thitiator to accelérate a

conposition conprising the photopol ynerizable nono- ners and/or oligoners

accordi ng photdiergsslikitg | reeotionon Bxafrgrles! ¥t the photopolymerization
-9- contalns a conventional photopolynerization initiator to accelerate a

phot o- cr osilifiatdrngre ebenzephendne npeezilpfMidide paokeforigsyeRiatdoren i niti at or
are benzophenone, benzil, Mchler's ketones, 2-chloro- thioxanthone,

2, 4- di et hythiakarthanen@, 4stiathyithiexanthosencbenapin retyhceth@henone,
benzyl di et hyl ket al , . 2- hydr oxy- 2- met hyl - pr opi ophenone, 1-hydroxycycl ohexyl
phenyl ket @&é oxyacstprfenone, benzyl eﬁﬁ)ﬁ“ﬁ%@ o FoNYREP XY rmelddimposi t i on

accordi ng to t.h resent, Lnyentio a filler | ng an erage particle
Sroeror"s. BebrigBhSRe, v dandert phehylREIdtE oing B B2 nr fe by
weight, or a W/ |i aﬁﬁgr : d - idl.er,

pol 3rret hyl met hacr?ﬁ?e, pﬁ?@?m&g@ﬁﬁ y(_:orgl fﬁg}%‘ a%cﬁgfﬁégawee
exenmplifie i ianl Mg t t ghn [, I kZzabl e
c)(;rrpm;s: t : oﬂreascecn(;rg‘ivr?gtl?g' ':hhem%rrgggﬁ?ai ﬁoeﬁ?l&?ﬁg%’ggﬁgﬁléﬁ% ?‘qusrnﬂlrtéf orm
by, for exaonim, magaberaddé irf @PaRidurRofo0.08 8!!5S bantsebpweight, or a

UV light absorber may be added.

As the filler, polymethyl methacrylate, polyethylene, poly-
styrene and silica are exemplified.

In the present invention, the photopolymerizable
composition according to the present invention is formed in a film-
form by, for example, coating the composition on a substrate or
filling it in a cell. Then, the UV light is irradiated on the film-form
composition to obtain the polymer film. In this step, a thickness of |
the photopolymerizable composition is substantially the same as
that of the polymer film.

As a light source to be used in the photopolymerization,
there is used a light source having a linear shape viewed from the
substrate to be irradiated (a film plane). One of the preferred linear
shape light sources is a rod-shape light source. When the linear
shape light source is used and irradiation conditions are adjusted
properly, the obtained photopolymerized film has anisotropies in
directions corresponding to the longer and shorter axes of the light

source, so that the polymer film has the angular dependency of the



filling it in acell. Then, the UV light is irradiated on the filmform
conposition to obtain the polyner film In this step, a thickness of the
phot opol yneri zabl e conposition is substantially the same as that of the
pol.ymer film As a light source to be used in the

phot opol yneri zation, there is used a Light source having a |inear shape
viewed fromthe substrate to be irradil&ed (a filmplane). One of the
preferred |linear shape |light sources is a rod-shape |light source. Wen the

| i near Shﬁght|diﬂ4uhir$g)gjé?@oﬂn$aht§%ecbrﬁ9dwih"ern?w  IrefatednArbliABSIHY %ﬁgénust ed
properly, the obtained photopolynerized filmhas anisotropres in rections
cor r esponaixigy afothendighdngeurcend shorter axes of the light source, so that

the polymer filmhas the angul ar dependency of the

-10- light diffusi igapest d?uﬁrrg:éhenilrgadiaéonimf tise ridValight dreamnd t he | onger

axis of the |ight source, - That is, during the irradiation of

the WV Ii S‘Pﬁ?dr %894% &f%@fhn@% mepemersnangdios atigemars arei/rfioteri goner s
hot o- i,zed d Lt h ph separati on, whereb in the

Formed poPSREPSHERH Snlciites Wi Snasel Soaattion: Wherpay.in epofarmed

refracti L ' ely i e 1 N d at.e.subst gnti al
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the di : ¢ . - o Li

Vor e concrrory, OKsR Bpimataly ihy 966 Merihatea slate, BT M er s havi ng

L1, 31§ ol bn oty cote b Shgsthcr, e gy i gt o
|i ght - shi theli digegticen eof2 the TUVxdéighttirradiation i feomathahiight aource.
More concretely, the polymer film comprising the two
types of layers having the different refractive indices which exist
alternately in the laminated state can be produced as follows (see
' Figs. 2 and 3):
A light-shielding plate 2 is fixed at a position at which a
direction from the light source 1 to a front edge of the light-
shielding plate 2 and a normal line direction to the film form body 5
of the photopolymerizable composition (a direction ;ﬁerpendicular 1o

the film form body plane) form an angle of B (see Fig. 2) At the
initial step, the film form body 5 of the photopolymerizable
composition and an interference filter 3 are placed below the light-
shielding plate 2 so that they are not irradiated by the UV light.
Then, the film form body 5 and the filter 3 are moved in the direction
indicated by the arrow at a constant rate. By such movement, a part
of the film form body which exits the front edge of the light-
shielding plate 2 is irradiated from one angle direction by the UV
light from the light source 1 and cured. Finally, the polymer film in

which the two types of layers having the different refractive indices



direction fromthe light source 1 to a front edge of the |light- shielding
plate 2 and a normal ‘line direction to the filmformbody 5 of the

phot opol yneri zabl e conposition (a direction perpendicular to the filmform
body plane) forman angle of [err] (see Fig. 2) At the initial step, the
filmformbody 5 of the photopolyneriﬁable conposition and an interference
filter 3 are placed below the light-" shielding plate 2 so that they are not
irradiated by the UV light. Then, the filmformbody 5 and the filter 3 are

moved in tédsdigiRehaly i indteatigmiRatddhetate’ Qv the angens apém’ #ie. By such
novenent, a part of the filmform body which exits the front edge of the

l'i ght - shigdendlolinkatee tRei film rpladeaiseformed) one angle direction by the W
light fromthe light source 1 and cured. Finally, the polynmer filmin which

the two types of | aykhe dboviengeatheddcdn exasily pedducs ithe filteli ces

exist alternately in the lamnated state at the angel [err]fromthe nornal
line to teomprising anerefeactivemindex modulating type spwethmifight ddiffusingsi |y
produce the filter conprising a refractive index nodul ating type snooth

li ght di f fRI8tendnpwhich ieachntiiskeess afnthec fwestypes: 196 layers ypedt (gastayers is

oot B P RS el A i B8 AL St hatli 3R e
ai rreront B4 PGB CradiffiohosREn5e ot ust ed. As the vavel ength of the
| radiat gggrlsi ght '+ BpRAL! Sélectibft G WEWV! light WRRAEngM, e Lhe tvo types
thicknesses of the two types of. layers having the different
refractive indices can be adjusted. As the wavelength of the
irradiation light is shorter, the average thicknesses (d) of the two
types of the layers are smaller.
When the UV light to be irradiated has the wavelength of
400 nm or shorter, the average thickness of each layer can be made
at least 0.8 um and less than 2 um.
To irradiate the UV light having the wavelength of 400
nm or shorter, there is used a light source which generates UV light
having mainly wavelength of 400 nm or shorter such as a low
pressure mercury lamp and an excimer laser. Alternatively, a filter
(for example, interference filter) which cuts light having wavelength
exceeding 400 nm is placed between a light source such as a high
pressure mercury lamp and photopolymerizable composition.
In general, the high pressure mercury lamp is used as the
light source, and the filter which cuts the light having the
wavelength exceeding 400 nm is used in combination.
The polymer film of the present invention as such may be
used as the optical filter. When it is used as the optical filter to be

fitted on the liquid crystal display face plane, a transparent



Wien the UV light to be irradiated has the wavel ength of 400 nmor shorter,
t he average thickness of each |layer can be nade at least 0.8 [err]mand

|l ess than 2 [err]m To irradiate the UV light having the

wavel ength of 400 nmor shorter, there is used a |light source which
generates UV |ight having nmainly wavel ength of 400 nmor shorter such as a
| ow pressure nercury |anp and an exct me =l aser. Alternativel y, a filter
(for exanple, interference filter) which cuts |ight having wavel ength

exceedi ng 4Gstpatel $s rat@ALRLIARERated 0ahans But&e sw“al&ea%fam@ gllynepsur e

mercury | anp and photopol yneri zabl e conposition. I n general,

the hi gh pfilesstore swface yptoteptios. used as the |ight source, and the fllter
whi ch cuts the |ight having the wavel ength exceeding 400 nmis used in
conbi nat i on. Any tramspareptresubistiate otan Hee sexkmsétaveas iibis as such
may be used as the optical filter. Wien it is used as the optical filter to
be fitted 6@"$Wﬂﬂth|E§(¥99@§apfcﬁsi'ﬁﬁtﬁﬂala@fa tbeahansaaterangpastmte are

- 12- substrate is prefera on.an outer rface of the pol yner
filmfor sRPWEREOPR %@ed’?ﬁmﬁ %\&tﬁacrye}ate ARPiINg .o \é?ﬂiwre%%bstrate can be

{7 anspar on “'sﬁﬁﬁaba{e (EE RSB, mal PR ebin. ARAC Hafapohl fass

pol yet hyl ene terephtﬁ‘r@f@?é’olﬁ%@ dcﬁé rf&c?é Yot Yh& "Fah Eéfésnt §{]ﬂstrate

transparent gl as an out er sur ace
transpareng %Ubfédtéﬂetd Sats'léés%cbﬁé tr@_a%ér&aﬁle@t@dtffr@ﬁi fl@ﬂvt réfesgéed from

| ow reflection treatnent, glare proofing treatnment and hard coat treatnent.
A net hod direatihent,ngldree pp@dmmgertréatmenb drice harancoat etreatment.

A method of adhering the polymer film to the transparent
substrate is not limited, and any of conventional methods may be
used.

It desired, plural polymer films of the present invention
are used in one filter.

In the present invention, the liquid crystal display with
which the optical filter is used comprises a light source member, a
back polarization plate, a liquid crystal cell plate and a front
polarization plate.

There are various types of the liquid crystal device
according to the mechanisms of the liquid crystal cell plate. In any
case, the liquid crystal device comprises the light source member,
the back polarization plate, the liquid crystal cell plate and the front
polarization plate which are provided in this order. If necessary, the
liquid crystal device may comprise an optical compensation plate, a
color filter or other element between the above essential elements
or in front of or behind one or more of the above essential elements.

The above elements of the liquid crystal display may be

conventional ones.



substrate is not limted, and any of conventional nethods may be used.

I f desired, plural polyner filns of the present invention are used in one
filter. In the present invention, the liquid crystal display
with which the optical filter is used conprises a |ight source nmenber, a
back pol arization plate, a liquid crys{gl cell plate and a front

pol ari zati on plate. There~afr€e “vari ous types of the liquid
crystal device according to the nechanisns of the liquid crystal cel

plate. In any case, The liqgid @rftas delvicte Hae wepbirbatidie plawyl sipur ce

menber, the back pol arization plate, the liquid crystal cell plate and the
front pol athigaspecifipation, \oiniec betweeprine dight i sourbesmamleer drfd theessary,
the liquid crystal device nay conprise an optical conpensation plate, a
color filtHquist coystal eelbmiate et oalted tas theobackspelarizatiosl @late;s or in
front of or behind on% or nFrﬁ of the abave e?sentiaj el ement s.

The above WMhEgepne B ot of dhedliquigscaystal sellaplatayishealigryast thehal ones.
- 13- The.liqujd crystal device has two pol arization plates.
In this spl@Nti PRI FAtOMPIReween the Iight source nenber and the |iquid

crystal celL Pl e, TebbidarTypooP 36b, BRAGMISHAGH M ABEIGHETS, |,

1P {J?lu(::te i ons Eoo %'lﬁlu ? Ssgﬁ?hlgé}}t: Sﬁi“’mstc%r"?‘gegtmhﬁ’ﬂéﬂféfgfﬁ‘{‘ﬁ;e&%r crystal

cel | pl atepiatet fie tHer directioni ih \Whieh geed disptapinignenabactesisticsshtes are
exhibited in upper and lower directions and/or right and left side
directions.

Then, the optical filter of the present invention widen the
angle of view of the liquid crystal devicé.

In use, the optical fiber of the present invention is placed
on the viewing side, that is, the front side of the liquid crystal cell
plate.

For example, the optical filter is present between the
liquid crystal cell plate and the front polarization plate, or in front
of the front polarization plate.

In some cases, the liquid crystal device has the optical
compensation plate or the color filter in front of the liquid crystal
cell plate. When the color filter is used, the optical filter is present
on the front side of the color filter. When the optical compensation
plate is used, the optical filter may be present either on the back or
front side of the optical compensation plate.

Examples

The present invention will be illustrated by the following
Examples, which do not limit the scope of the present invention in
any way.



exhi bited in upper and |ower directions and/or right and |eft side

di rections. Then, the optical filter of the present invention
wi den the angle of view of the liquid crystal device. I n use,
the optical fiber of the present invention is placed on the view ng side,
that is, the front side of the liquid,grystal cell plate. For
exanple, the optical filter is preséhﬂ etween the [iquid crystal cel

pl ate and the front polarization plate, or in front of the front

pol ari zation plate. In the Example$ntii@propepysmedsurbingmtsl areyasal device
has the optical conpensation plate or the color filter in front of the

liquid cryfetl@iwsel| plate. Wien the color filter is used, the optical
filter is present on the front side of the color filter. Wen the optical
conpensati on pl ate i($) Measuremerdpef aagle iof ndewnflyobd) present either on the

U AL IR AL U M T A A
0,10 11 iiof e SRUPAED, INSnBASAEH kO RS G MR Nees 5o o1 1 ove
(1 oo useeg, i ol g Wanohor Mo 100dSriqd R 3L
ﬁ?@ﬁ’ﬁ%%ﬂﬂ%@?ﬁ’?@?‘ﬁﬁ% witolBOwhitd Bhattdin G ar witidhé Black tterhor

was projected on the liquid crystal color TV screen. Then, a white

luminance on the whole white pattern and a black luminance on the

whole black pattern were measured with a photometer 10 (LS-100

manufactured by MINOLTA Co., Ltd.} from 50 degrees in the upper side

of the screen to 50 degrees in the lower side of the screen 8 as

shown in Fig. 8. Then, a ratio of the white luminance to the black

luminance was calculated as a contrast ratio. An angle range in

which the contrast ratio was 5 or larger was recorded as an angle of

view in each of the upper and lower sides.

(2) Measurement of angle of view (No. 2)
As a liquid crystal display unit, a TN type liquid crystal

color TV set 4E-L1 (manufactured by Sharp Corpbration) was used. A

contrast ratio when white/black pattern was displayed and gray

scale inversion at eight gray levels were measured with LCD-7000

(manufactured by Otsuka Electronic Co., Ltd.) from 60 degrees in the

upper side of the screen 8 to 60 degree in the lower side of the

screen 8 as shown in Fig. 9. An angle range at which the contrast

ratio was 5 or larger, or the gray scale inversion started was

recorded as an angle of view.

(3) Angular distribution of diffused light intensity



SONY Corporation), a whole white pattern or a whole black pattern was
projected on the liquid crystal color TV screen. Then, a white | um nance on
the whole white pattern and a bl ack | um nance on the whol e black pattern
were neasured with a photoneter 10 (LS-100 manufactured by M NOLTA Co.,
Ltd.) from50 degrees in the upper side of the screen to 50 degrees in the
| oner side of the screen 8 as shown i'n15i~g. 8. Then, a ratio of the white

| um nance to the black |um nance was cal cul ated as a contrast ratio. An

angl e range | n. whi ChEIdIA ebaaR sida SR SamAE (i3 AR HEVersBOgEEeR 25 an

angle of view in each of the upper and | ower

Measur enentheofU¥nligkt dfradiated( bie)2)monochromatic Aligiat war!iidjevtedt ahddi spl ay
unit, a TN type liquid crystal color TV set 4E-L1 (nmanuf actured by Sharp
Cor por at i oah angularedistributionr aftoutgoing wliffusedi lightlveask - maasared weith

di spl ayed an ray, scal e, inversion at ei ay levels were neasured with
LCD- 7000 (%aﬁMjmthtGﬁ%'MdnEF@cNB 31& {mgnuchtﬂr%m degrees in

t he upper f the scr en 8 to 60 egre in the |ower side of the screen
8 as shovvn ﬁaﬁu éorm Ha e A&né@ggq in¢igend ighdsinjectedotardBes or

view | CrshmpI"is° SRIad 5 AR e %ﬁﬂ?@ﬁské G Shuge n anei by’ d
Lo the Ly FOTRIPOPCI 25 1 BYACE ?Aﬁﬁ%‘ﬁ?ﬁm 22 BRI v nj cctod and an

angul ar di stributi on49fH#z8 goi ng diffused Iight was measured with a
diffused light intensity meter MPC- 3100 (nmanufactured by Shimadzu

Cor poration). An angAecardingi¢o iJiSi Ken108$, ghhazejvess etedsuredewith HAZE
GUARD PLUS (manufactured by BIG CHEMIE).
m ive Example 1

With the. TN_ type liquid crystal color TV set 4E-L1
(manufactured by Sharp Corporation) having no optical filter, the
white luminance and black luminance were measured, and the
contrast ratio and angles of view were recorded. The results are
shown in Table 1.

Comparative Example 2

With the TN type liquid crystal color TV set 4E-L1
(manufactured by Sharp Corporation) having no optical filter, the
contrast ratio when white/black pattern was displayed and gray
scale inversion at eight gray scale were measured, and angles of
view were recorded. The results are shown in Table 2.

Example 1

To provide a photopolymerizable composition comprising
at least two compounds having different refractive indices which
differ by 0.01 or more, there were mixed 40 phr of polyetherurethane
acrylate having a weight average molecular weight of about 6000
which had been prepared by reacting hexamethylene diisocyanate and



sanpl e was selected so that the diffused light intensity corresponding to

the Bragg diffraction was |argest. (4) Haze
According to JIS K 7105, a haze was neasured with HAZE GUARD PLUS
(manuf actured by BI G CHEM E) . Conparative Exanple 1

Wth the. TN type liquid crystal color TV set 4E-L1 (manufactured by Sharp
Cor poration) having no optical fil tel",1 fre white | um nance and bl ack
| um nance were neasured, and the contrast ratio and angles of view were

recor ded. zne,(Nr@&ybtrwlaaerﬁafwwnﬁ E@Wp?o%yiene glycol 3@0ﬁﬁar@ft ivg, g=xanpl e
h"the TN t'ype liquid crys color TV set 4E-L

(rranuf act utrisromyogghenyl Gurptatef i 30) phavofh@- hydmy-@awhémbxypronwe cont r ast

rati o when white/black pattern was di splayed and gray scal e inversion at

ei ght gr ayaendate \and: 1rr5aphre‘:d 2ehytiranyt2methylpgropiophenorsc @sdad. The

results are shown in Table Exanmple 1 To provide a

phot opol- yn@hpmwn&eﬁga&m oH"H@Fﬂfrl sing at |east two conpounds havi ng

di ff t f t di which diff th d
50 phr Cof ol vet her uTBEHGATBRASRpRnVESHGHARE SRTIRT MTLPRYINGS: col ar
wei ght of aﬁﬁ%ﬁ%{? ‘I'\g‘é hmh%i AJ?ﬁfEkREEBaéFqSBqurFaC“ ng_ hexanet hyl ene

di | socyan 16-

A Ry e R Lt KA i T
1.5 phr of aépﬁbﬂﬂ@@h@nﬂﬁhmigﬂrwaﬂﬂhsmngsa gnercury lamp 1 (80 W/cm)
was used. A shielding plate 2 was set so that a conveyer 4 was
irradiated from a position right under the lamp 1. In this case, an
angle B between the vertical line from the lamp 1 to the conveyer 4
and the line connecting the lamp 1 and ihe front edge of the shielding
plate 2 was defined as a UV light irradiating angle.

On the conveyer 4, the PET film 5 carrying the coated
composition was placed. Over the composition, an interference filter
3 having the transmitting wavelength of 254 nm was placed. A
transmission spectrum of the used interference filter is shown in
Fig. 4.

The conveyer 4 was traveled at a rate of 0.2 m/min., and
the UV light from the lamp 1 was irradiated on the coated
composition carried on the PET film 5§ through the interference filter
3 at the UV light irradiating angle B of 5.5° to photopolymerize the
composition. By this method, the PET film 5 carrying the cured film
was obtained.

With the PET film 5 carrying the cured film, dependency
of the haze on an incident angle of the light was measured by a
method illustrated in Fig. 5. The opaque angle range in which the
haze was 60 % or more is shown in Table 3.



phot opol yneri zation initiator. The conposition was coated on a
PET film having a thickness of 188 [err]mto a thickness of 150 [err]m

To cure the coated conposition, the W/ light irradiating apparatus shown in
Figs. 2 and 3 having a nercury lanp 1 (80 Wcm was used. A shielding plate
2 was set so that a conveyer 4 was irradiated froma position right under
the lanp 1. In this case, an angle [er}?'betmeen the vertical line fromthe
lanp 1 to the conveyer 4 and the |ine connecting the lanp 1 and the front

edge of the shiel dihe dirkd2fik wae ddiddast droht HABET fifs!id Ugednol e

On the conveyer 4, the P n1 carrying e coated conposition was

pl aced. Ovas aheo nfapsﬂ[teron an interference filter 3 having the
transmtting wavel ength of 254 nm was pl aced. A transm ssion spectrum of
the used interferencerdml tikee asgulawwdistribttion 4f diffused .lightTietensityeyer 4
was traveled at a rate of 0.2 mmn., and the UV light fromthe lanp 1 was
i rradi at ed2¥@ragee th'@&ﬂ@ﬁsé%rﬁ:foﬂla twa typesi off layetshavereTreasuradt by dheh t he

o phot opoRGER [deBared Biagbast ABH- ey WATS fult HAU. Che PET Tilm S carryl ng
e T Rt o e 10 VAT ORI 1
rrasired gl ARG, ) Ul Ay TaFb ot e JURIRESNEIZPY' Sof M i W <
-17- same meakifeRHs 44 tRod&SnPeehithratile ELAMbE Piderkl | m and used
performed. The results are shown in Table 1.
mparativ le 3
Under the same condition as in Example 1 except that no
interference filter was used, a cured film was produced and used as
an optical filter.
The opaque angle range in which'the haze was 60 % or
more is shown in Table 3.
The average thicknesses of the two types of layers were
2.0 um. '
Using this optical filter, the same measurements as
those in Example 1 were performed. The results are shown in Table
1.

Example 2

in the same manner as in Example 1 except that the
composition prepared in Example 1 was coated on the PET film to a
thickness of 300 um, an interference filter having the transmitting
wavelength of 313 nm was used, the conveyer was traveled at a rate
or 0.4 m/min., and the UV light irradiating angle was 17°, the cured

film was prepared.



as an optical filter. From the angul ar distribution of diffused
| ight intensity, average thicknesses of the two types of |ayers were
nmeasured by the above described nmethod, and they were 1.1 [err]m

As shown in Figs. 6 and 7, the obtained optical filter 9 was attached on
the display face of the liquid crystal IV set, and the sane neasurenents as
those in Conparative Exanple 1 were ﬁe? orned. The results are shown in
Tabl e 1. Conpar ati ve Exanple 3 Under the sane

condition as in Exanfthe dpagueeingle'2adnge ih 'whichethenhgzd iwd$L60Wis opised, a
cured filmwas produced and used as an optical filter. The
opaque angMmorealsgghownwin dlablen@.haze was 60 % or nmore is shown in Table 3.

The average thicknesgses of the two types of |ayers were 2.0 [err]m

Using this optical filhgeeaverage thisknassesrafnthe dwastypesseofilayerawere 1 were
per f or med. e results are shown in Table 1. Exanpl e2

In the sane: er as in Exanple 1 except that the conposition prepared in

| d . fi hi ck f
Mncertorence f11cer HaNdRisobtieah Sk s salEF cRgBRuGMSE® A8 was used,
the conveygogttn (g @1a&v]eﬁe r@érfo.ﬂﬁe&- 4Tﬁ%q”?é§uitsa£'r% rkggm)eriA HYlie

irradiating angle was 1/[err], the cured fi was prepa
18- 1.

m fv mple 4
Under the same condition as in Example 2 except that no
interference filter was used, a cured film was produced and used as
an optical filter.

The opaque angle range in which the haze was 60 % or
more is shown in Table 3. _

The average thicknesses of the two types of layers were
2.1 um. |

Using this optical filter, the same measurements as
those in Example 1 were performed. The resuits are shown in Table
1.

Example 3

In the same manner as in Example 1 except that 0.01 phr
of fine particles of polymethyl methacrylate having an average
particle size of 0.1 um (MP-300 manufactured by SOKEN CHEMICAL
KABUSHIKIKAISHA) was additionally used, a photopolymerizable
composition was brepared.

In the same method as in Example 1 except that the above
prepared composition was coated on the PET film to a thickness of
205 um, an interference filter having the transmitting wavelength of
313 nm was used, the conveyer was traveled at a rate or 0.5 m/min.,



The opaque angle range in which the haze was 60 % or nore is shown in Table
3. The average thicknesses of the two types of |ayers were 1.9
[err]m Using this optical filter, the sane nmeasurenents as
those in Exanple 1 were perforned. The results are shown in Table 1.
Conpar ati ve Exanple 4 Unde{ the sane condition as in Exanple 2
except that no interference filter was %§ed, a cured fil mwas produced and
used as an optical filter. The opaque angl e range in which the

haze was 68ndo the "IV diditt ﬁfwﬂtihg diglec whs 20°, the curethdilmvwagoe _
t hi cknesses of the two types of Tayers were 2.1 [err]m Usi ng

this opticpteganeder, the sane neasurenents as those in Exanple 1 were
perfornmed. The results are shown in Table 1. Exanpl e3
In the sane manner abhgop@aepaRgie Bnggin which dhelhgre was 60n% particl es

of pol ynmet hyl net hacryl at ving an average particle size of 0.1 [err]m

( MP- 300 n’&ﬁi/ﬂfﬁc&su?@@”éyms&gﬁ 8HEM CAL KABUSHI KI KAl SHA) was addi tionally
used, a photopol ynerizabl e caonpgsition was prepared In the sane
met hod as in Exanpl e+ﬁee§‘(:eé'ﬁget ﬁ‘é{?'t“??%sefo&;e{hé) z‘ﬁgr@@eéoﬁf)dy?'i’%ﬁv%s
coated on §he BET filmto a thickness of 205 [err]m an interference filter
havi ng t he trg'ns'm'tti ng wavel ength of 313 nmwas used, the conveyer was

traveled at a rate oysfhgdtiis"tlred film as an optical filter, the same

measurements as those in Comparative Example 2 were performed.
The results are shown in Table 2.

Example 4

In the same method as in Example 1 except that the
composition prepared in Example 3 was coated on the PET film to a
thickness of 195 um, an interference filter having the transmitting
wavelength of 313 nm was used, the conveyer was traveled at a rate
or 0.6 m/min., and the UV light irradiating angle was 0°, the cured
film was prepared.

The average thicknesses of the two types of layers were
1.4 pm.

Using this cured film as an optical filter, the same
measurements as those in Comparative Example 2 were performed.

The results are shown in Table 2.



-19- and the UV light irradiating angle was 200, the cured fil mwas
prepared. The opaque angle range in which the haze was 60 % or
nore is shown in Table 3. The average thicknesses of the two
types of layers were 1.5 Am Using this cured filmas an optical
filter, the same neasurenents as those_in Conparative Exanple 2 were
performed. The results are shown in TadPe 2. Exanpl e 4

In the same method as in Exanple 1 except that the conposition prepared in
Exampl e 3 mgﬂated on the PET filmto a thickness of 195 [err]m an

I nterference having the transmtting wavel ength of 313 nm was used,

t he convey, xméravel ed at AﬁgLéato? ‘Réwo n115n n., arld the WV |ight

i rradi ati ng,angle wa e cure Pin'tas nrprar ed. The
aver age t hj't®nesses dfy two towes of nangésow\gﬁ@e] 4 ferrlm
Using this] cured film P same |measurenents as those
i n Conpar ative Exanpl Oqgegﬁos)‘ Dde'fég 'ﬁé{ Wésul ts lare shown in Table 2.
-20- Tabl qg)gamg@qpl 45° 30Angl p of \;7§<w (No.} 1)

Example 2 45° 25° 70°

Comp. Ex. 1 20° 30° 50°

Comp. Ex. 3 30° 30° 60°

Comp. Ex. 4 40° 25° 65°

Table 2

Example . Angle of view (No. 2}

No. Contrast ratio 2 5 Gray scale

inversion

Upper Lower Upper Lower
direction | direction | direction | direction

Example 3 59° 29° >60° 40°
Example 4 45° 30° 55° 55°
Comp. Ex. 2 30° 29° '15° 30°
Table 3

Example Opaque angle range

No. (degrees)

Example 1 65

Example 2 39

Example 3 >50

Example 4 57

Comp. Ex. 3 26

Comp. Ex. 4 27




Na. Upper Lower Range of angle di rection

direction of view Exanple 1 45[ err] 30[ err] 75[err] Exanple
2 45[ err] 25[ err] 70[err] Conp. Ex. 1 20[ err] 30[err]
50[.err] Conp. Ex. 3 30[err] 30[err] 60[err] Conp. Ex. 4

40[ err] 25[ err] 65[err] le 2 Exanpl e Angl e
of view (No. 2) No. Qmuas ratio [err] 5 G ay scale

i nversion Upper Lower Upper Lower

di rection EE@II&Q@EEMMI@MGC“ on Exanple 3 59[err] 29[ err]

>60[ err] 40[ err] nmple 4 45] err# 30[err] 55[err]
55[err] Conp. EX. 2WherBdbe opticalofiter jof the present invenioheis jusedTabl e 3

Exanpl e a l e ran rees) Exanple 1 65
Exanpl e 2 e achgeie gvg\g”gf;ghg quuld crystaLsgsmaaa{rrtﬂ @aqs:ly widened57 Conp.
Ex. 3 ﬁ?y C‘@qﬁ. Fxt )

gre ithou he 1mprovement of the conventional liquid crystal

cell, change of the addressing system or modification of the liquid
crystal itself.



- 21 - EFFECTS OF THE | NVENTI ON When the optical filter of the
present invention is used, the angle of view of the liquid crystal display
is easily wi dened greatly without the inprovenent of the conventi onal

liquid crystal cell, change of the addressing systemor nodification of the
liquid crystal itself. _ - 22 -
What is clained is: 1. An %%t'ical filter for aliquid crystal

di spl ay device, consisting of a polynmer filmwhich conprises two types of
| ayers having differg/Hatr &f chiifiedeid:ndex which exist alternately in a
| am nated state, wherein a difference of refractive index between two types

of layers is in the tand beptiestnfife foar Ijuld erystaledigrday hiievicess of
each layer is at least 0.8 [errgm and less than 2 [err]m and a thickness
of the pol gemsistingnof sa i polymerr filmewbichvezomptises BoD t&ges] of layersh_ )

2. The optjcal fi]ser according to claim1l wherein said average thickness
of ench | ahavings ditgtanty relrgohiva index (WRichmexist alternately 3in Fe opt | cal

claimJl, wherein said po obt ai ned by

rradi att ngrinates sEith, Muieralh 2 eliniBorel oh astive adex petesn vy
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from one diiGeldsd"of each layer is at least 0.8 um and less than 2 um, and a
thickness of the polymer film is in the range between 10 to 300 um.

2. The optical filter according to claim 1, wherein said
average thickness of each layer is between 0.8 and 1.99 um.

3. The optical filter according to claim 1, wherein said
polymer film is obtained by irradiating a film form body of a
composition comprising at least two photopolymerizable compounds
having different -refractive indices which differ by 0.01 to 0.1 with
UV light having a wavelength of 400 nm or less from one direction.

4, The optical filter according to claim 3, wherein said
composition comprises at least two compounds selected from the
group consisting of monomers and oligomers each having a
photopolymerizable double bond.

5. The optical filter according to claim 4, wherein said
composition comprises at least one monomer having the photo-
polymerizable double bond and at least one oligomer having the
photopolymerizable double bond.

6. The optical filter according to claim 5, wherein said
monomer having the photopolymerizable double bond is a
(meth)acrylate monomer, and said oligomer having the

photopolymerizable double bond is a (meth)acrylate oligomer.
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4. The optical filter according to claim3, wherein said conposition
conprises at |east two conpounds sel ected fromthe group consisting of
nononers and ol i goners each havi ng a phot opol yneri zabl e doubl e bond.

5. The optical filter according to claim4, wherein said conposition
conprises at |east one nononer having 236 phot o- pol yneri zabl e doubl e bond
and at | east one oligoner having the~pfgtopol yneri zabl e doubl e bond.

6. The optical filter according to claimb5, wherein said nonomer having the

phot opol yneri zabl e dgublEhdUplicad fAtermabbordiny | @ QAT ewheproi saidd
ol i gonmer havi ng the photopol yneri zabl e doubl e"bond is a (neth)acrylate

ol i gomer. {meth)acrylate monomer is at least one monomer3selected from the 7. The
optical filter according to claim®6, wherein said (neth)acryl ate nononer is

at | east oéOWBn@ﬁéﬁf%w?gact?%dteﬁahﬂdfﬁ@@\dmlpactljwa‘tetia@y&arbitol
5?2;?%32?@@?@? vlye%‘ﬁryﬂfqtﬁ?iteﬁ{/ ,xlyc r?!iyfagéwﬁact%: Sﬁghyiceﬁraitoi acrylate,

v oy nox ARBYIRAEADHRRNE aeralRte: oAty oo aeapybacrylate, o+
e o o BRSO Byl <PRIBLE Bylahfenaiy| Shgectrats” ™

ot ctpondRhly BBV E AR (R Mo B KoRY Bl Seliaber MeBbTH
theroi o SorSRApeC 2 ethyinexy| aorblatel CIfil thoniate, 2 AL he oroup

g gln; ;i § ;ngéeﬂ'am%wﬁrow yaritatel eph&Rakyetd| pabmatéﬂ,olg\fﬁf "MeMiderylates
corresponding to those acrylates, N-vinylpyrrolidone and N-
acryloylmorpholine.

8. The optical filter according to claim 6, wherein said
oligomer is at least one oligomer selected from the group consisting
of polyol polyacrylate, modified polyo! polyacrylate, polyacrylate
comprising a isocyanuric acid backbone, melamine acrylate,
polyacrylate having a hydantoin backbone, polybutadiene acrylate,
epoxy acrylate and urethane acrylate. .

9. A liquid crystal display device comprising a light
source member, a back polarization plate, a liquid crystal cell plate,
a front polarization plate and an optical filter as claimed in claim 1
‘which is provided in front of the liquid crystal cell plate.

10. The liquid crystal display device according to claim
9, wherein said optical filter is provided between the liquid crystat
cell plate and the front polarization plate, or in front of the front
polarization plate.

11. A method for enlarging an angle of view of a liquid
crystal display device which comprises a light source member, a
back polarization plate, a fiquid crystal cell plate and a front
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conprising a isocyanuric acid backbone, nelam ne acrylate, polyacrylate

havi ng a hydant oi n backbone, pol ybutadi ene acryl ate, epoxy acryl ate and

ur et hane acryl ate. 9. Aliquid crystal display device
conprising a light source nenber, a back polarization plate, a |iquid
crystal cell plate, a front pol arlzatlé.?a pl ate and an optical filter as
claimed in claim1l which is provided i front of the liquid crystal cell

pl at e. 10. The liquid crystal display device according to claim
9, wher ei npetdrizatinn qlatd,i comprisingr providihg eameepticdie filtequas claisted cel |
pl ate and Ihe fro* RO%aI’IZ tion Pl ate, or in front of the front

pol ari zat i h GRifi ¢! in front of the i %dnﬁtmai 8l piatar gi ng an angl e of view

bf24k 'p‘ogg'rf’zzi .V?n""'ml TR, %&M Hepording: b mt@'w gtaemlgmme me:
in ﬁl Slom 16Pﬁé$ ﬂte‘? %tﬁ']’o‘% -qui glt@gﬁgt Q?(é d'écﬂﬁd ?Q?%%l caé" atte an d2d The
et veen ¢ hatd ity Pofadedfir piatey S D Rehe R fromf‘é@  H BB L e, o

in front opldtee front polarization plate.
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