PHASE RETARDER The. present invention reV§3§&4 aﬁ%ﬂ%ﬁ? retarder.
Description of the Related Art Phase re s co ng a uniaxially 5
oriented polymer film have been used as optical conpensators to enhance
display qualities of liquid crystal display feV|ces A STN type liquid
crystal display device using such phase ret ders as conpensators is
advant ageous in 10 that it can be lighter in weight, thinner and | ess
expensi ve, but disadvantageous in that it.has narrow.. view ng angle
characteristics and exhibits a | ow contrast ratio conpared to a STN doubl e
cell type liquid crystal display device using a liquid crystal cell as 15
optical conpensators. The STN type devi ce has been considerably inproved to
alleviate its poor contrast by |anm natitdFE BETHRDER of phase retarders, but
they are still unsatisfactory for the view ng angle characteristics. 20
The view ng angl e characteristics of the liquid crystal display devices
usi ng the phase retarders as optical conpensators are greatly dependent
upon the view ng angle characteristics of the phase retarders - 2-

The present invention relates to a phase

retarder.
Description of the Related Art
Phase retarders comprising a uniaxially
5 oriented polymer film have beeh used as optical
compensators to enhance display qualities of liquid
crystal display devices.
A STN type liquid crystal display device using
such.phase retarders as compensators is advantageous in
10 that it can be lighter in weight, thinner and less
.expensive, but disadvantageous in that it has narrow..
éiewing angle characteristics and exhibits a low
contrast ratio compared to a STN double cell type liquid
crystal display device using a liquid crystal cell as
15 optical compensators. . |
The STN type device hae been considerably
improved to alleviate its poor contrast by laminating
two plies of phase retarders, but they are still
unsatisfactory for the viewing angle characteristics.
20 The viewing angle characteristics of the
liquid crystal display devices using the phase retarders
as optical compensators are great;y dependent upon the

viewing angle characteristics of%bhe phasé reta&ders o



1 thenselves. The viewi ng angle characteristics of the phase retarders
conprising uniaxially oriented polymer filnms can be evaluated by using a
viewi ng angle. The view ng angle of phase retarders is 5 defined as a tilt
angle [err] of a filmrelative to a nornal_djrection when a ratio of the
retardation (R) observed for the tilted filmto the retardation [err]

obser ved for 1t No. R0k gBLIYs 0! SRS M diddg Idhd G idetdio 4i16a bor ngnd 11t ed

by rotating around an axis which is 10~ corresponding to the slow axis of

the filmhaving pghdosi téterdsr£f ddmpendi 401 1 Prot el ted feStymad s of
the one having a negative birefringent anisotropy where the observation is

perfornmed under £ DRéa¢dri b LIRS SyEeUEIHE W i dwiyRi ey .
conpensator. The 15 higher the view ng angle, the better the view ng angle
characteristics. As techniThesiewimnlamden®s thasewastprdepse,id here have
been proposed several nethods such as a method of shrinking the filmin the
direction 205 pelefinkd Hara ttl Ithangleet(®@hi,py dfracfitm nelahivei e of
stretching as disclosed in Japanese Patent KOKAI (Laid- open) No. 2-191904;
a net hod of contvaxmahglitectdonewhangentrapicopef itde gfetandatifdn (R )whi ch
has been produced froma nolten polynmer or a polynmer solution 25 under an
electric field. amened forttha dHiltgdasidms dodde inptandatdan Ri{ent KOKAI
(Lai d-open) No. 2- 285303; and a nethod of lamnating a film_ which has
been produced utRseRrFed| fan the mozmaldyphisposed £11m is 1.10 with the

film being tilted by rotating around an axis which is

10 corresponding to the slow axis of the film having a
positive birefringent anisotropy, or to the fast axis of
the one having a negative birefringent anisotropy where
the observation is performed under a polarizing
microscope equipped with Senarmont compensator. The

15 higher the viewing angle, the better ﬁhe viewing angle
characteristics.

As techniques for enhancing the viewing angle,

there have been proposed several methods such as a
method of shrinking the film in the direction

20 perpendicular to the stretching direction at the time of
stretching as disclosed in Japanese Patent KOKAI (Laid-
open) No. 2-191904; a method of controlling the
birefringent properties of a raw film, which has been
produced from a molten polymer 'or a ‘polymer solution

25 under an electric field applied, by stretching as
‘disclosed in Japanese Patent KOKAI (Laid-open) No. 2-
285303£ﬁ§nd a method of laminating a film, which has

been produced under an electric field applied, on a



-3- 1 conventi onal

phase retarder as disclosed in Japanese Patent KOKA

(Lai d-open) No. 3-85519. However, it can hardly be said that any of these
met hods has good mass producibility. 5 ' Furthernore, in order to
i nprove display characteristics such as contfast, color and view ng angle
psoperties and the like, there have been devel oped various liquid crystal
di spl ay schenes @émeénthdnal henSId fehadOras @il bset ih |J4pdrbsE yst al
display 10 having a birefringent optical conpensating |ayer as disclosed
in GB. Patent Noatdd62038aRn(LaLdasmM ) o .C Idapgidh cr wdwadvelt spltayanchene
havi ng a birefringence conpensating | ayer as disclosed in Japanese Patent
KOKAI (Lai d- openjaiddly 22458304 tiowevaly dihasmedd qethadsydiad dhiod aiasel ays

require as optical

conpensator a phase retarder conprising a filmhaving a

non- ani sot r opi ¢ peddacibivkitndex in the filmplane [err] and a refractive
i ndex different therefromin the thickness direction normal to the plane.
20 SUWMMARY GF THE | NVENTI Dhrthermexsenin iondant drs inprovedéisplaxt ensi ve
research for overcomi ng the problens as described above. As a result, it
has been di scovethara¢t@riselesSeswth 23 HANtRRIthorGRIE arfpoleWinhabl es

production of a novel )
angle properties and the like, there have been developed

various liquid crystal display schemes other than the

STN type, for example, a TN liquid crystal display

10 having a birefringent optical compensating layer as

disclosed in G.B. Patent No. 1462978 and a homeotropic

liquid crystal display scheme having a birefringence

compensating layer as disclosed in Japanese Patent KOKAI

(Laid-open) No. 2-15239. However, these liquid crystal

15 displays require as optical compensator a phase retarder

comprising a film having a non-anisotropic refractive

index in the film plane (R,=0) and a refractive index

different therefrom in the thickness direction normal to

the plane.

20 SUMMARY OF THE INVENTION

The present inventors have made

extensive

25

research for overcoming the problems as described above.
As a result, it has been discovered that the use of a
layered inorganic compound enables production of a novel

phase retarder having an excellent performance.



25 phase retarder having an excell ent performnce.

I nvention provides a phase retarder conprising a |ayer
conpound- cont ai ni ng sheet or |ayered inorgani c conpoun
sai d i norgani c conpound bei ng sel ected frendthe group
I neral, a chal cogen conpound, a zirconi um phosphate conpound, an -oxyacid
salt of a tnansition netdhe prespated myEntsidn qatoy idgsmat A0Vely PRRSGeni de,
an intercalary decoration thereof intercalated with ions or ol ecul es

bet ween cryst aldetrexrdeay sthamsicter ig®idd binsranafis inshpodAd ek 8di AGOx IfeE
particle size of 5000 nmor less and a stratified structure wth a
plurality of crogmupdundhEilayer shiees: WRsFidn amd piRidder EELFFSELEs a
refractive index in the plane of the phase retarder_that is . different from
a refractive inidbes whivh dif dlfderent SaqmEhd BafEaGkive A0E8%0éP BRI EF
DESCRI PTI ON OF THE DRAWNGS. Figure 1 is a chart showing iso-contrast
curves repr SserthegEhirknassnidigestdiof «characteristics of the FTN type LCD
usi ng the phase retarders of Exanples according to the present invention.
Figure 2 is a chart showing iso-contrast curves representing the

he conventi ondi PRER RN, Onin WHIGE i PrEFERRED ENBODI MENTS

Figure 1 is a chart showing iso-contrast

The-—nheogant
THI® SPEET $IAS BEEN
cont RERLACED | m

curves representing the wviewing angle characteristics of
the FTN type LCD using the phase retarders of Examples
10 according to the present invention.
Figure 2 is a chart showing iso-contrast
curves representing the viewing angle characteristics of
the liquid crystal display device using the conventional

phase retarders.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
| The layered inorganic compounds to be used in

the present invention are such that they have a
stratified structure with a plurality of crystalline
layer units being stacked on one another and can be

20 intercalated with ions or molecules, which are
introduced between the crystalline layer units, by
various physical or chemical procedures without
destroying the structure of the crystalline layer unit
because of the relatively weak bonding strength

25 Dbetween the crystalline layer units; and that they have

'such refractive index properties that the refractive

This Sheet Has Been Reﬁlaced
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The | ayered inorganic conpounds to be used in the present i nvention are

such that they have a stratified structure with a plurality of crystalllne
| ayer units being stacked on one another and can be intercalated with ions
or nol ecul es, which are introduced between t crystalline layer units, by
yarious physical or chenical procedures wi thout™ destroyi ng the structure of

the crystalline | ayaexuppt c ofst gl Al o/ é(\eg,‘l;{ rengt h
bet ween the crystalli }r?e I a§§§ E%?es J: g?? h 111eg%ave é’:ﬁ a§ ive

Lndex properties &E@Eei‘@ﬁtrﬁéﬂcﬁl‘xé/e?efra]c iV &hdd) te a{@r@mﬁkﬂé&
crystalline layer unit is different ron1t e refractive index in the

t hi ckness directi @nredfi€chayered i norgani ¢ conpounds as above are 5
described by T.-Kato and |I. Kuroda in the publication "Devel opnent and

Appl i cation of intercalary eRaPDupsiEd (IHHHga1Rd dumgMade ad thovel 385)

where | ayered inorganic conpounds are referred to, including, for exanple,

clay mnerals,5 chaésogtbed opPOTNUEa td idnd N .URukddaPes i uBIRALIES,
oxyacid salts of transition netals, |ayered polysilicates, netal

oxyhal ogeni des, annevelepmemar@nd(Hﬂpiﬂd&ﬂmﬁﬁ ofntigrseralet-iddnpoRndser
nol ecul es between the crystalline layer units. Wen | ayered inorganic
conmpounds havi ng éphbbhehed eby 22MQ \Oo .1%.td.ndawgisn) whensd dasgerfed he
crystalline layer unit than that in the thickness direction are used,
| ayer ed inorganic compounds are referred to, including, for
example, clay minerals, chalcogen compounds, zirconiumh
10 phosphate compounds, oxyacid salts of transition metals,
layered polysilicates, metal oxyhalogenides, and
intercalary forms thereof intercalated with ions or
molecules between the crystalline layer units; When
layered inorganic compounds having a higher refractive
15 index in the plane of the crystalline layer unit than
that in the th;ckness direction are used, layered
inorganic compound sheets or films comprising layered
inorganic compounds can be easily obtained. Clay
minerals can be preferably employed in the present
20 invention. The clay minerals may be classified into two
types:
The first type is such that the crystalline
layer unit is composed of a two-layer structure having a
layer of silica tetrahedrons and a layer of octahedrons
25 with central metal of aluminum, magnesium or the liﬁe
forﬁed thereon. The §econd type is such that the

crystalliné layer unit is composed of a three-layer

structure having a layer of octahedrons with central



I norgani ¢ conpound sheets or f.ilnms conprising | ayered inorganic conpounds
can be easily obtained. Clay mnerals can be preferably enployed in the
present 20 invention. The clay mnerals nay be classified into two types.
The first type is such that the crystallinelayer unit is conposed of a
iwo-layer structure having a |layer of silica tetrahedrons and a | ayer of
oct ahedr ons125 metdln &£ Idhin®Ei Almafned Atifh naym thaghidss amdwitdheed i ke

formed thereon. The second type is such that the crystalline |ayer unit is
conposed of a tHutaeedrayewo ilod wetdshedipra layers of Tt dhietstortype t h
central -6- 1 netal of alum num nmagnesiumor the |ike sandw ched
bet ween two si linec IwtesaHeayimil ey eyrsouhearft igarittygegianp uddsl leadihiani t e
group, antigorite group, while the second type includes snmectite group,
verm cul i te gr@gsorsl @uper e lpdeg . stRcite graipy vamEalsl e gnaiwp,
kaolinite, dickite, nacrite, halloysite, antigorite, chrysotile,
prophyl litep namdrmicd GFFQRR- hectorite, sodiumtetrasiliric mica, sodium
tenorite, nuscovite, 10 nmargarite, talc, vermculite, phlogopite,
xant hophyl lite, and chl orf%a&ctigfdhFiase %M%F%%érfbﬂ%%d%ﬁﬁﬂ%daﬁﬁr
dickite, nacrite, halloysite, antigorite, chrysotile,
prophyllite, montmorillonite, hectorite, sodium
tetrasiliric mica, sodium tenorite, muscovite,

10 margarite, talc, vermiculite, phlogopite,
xanthophyllite, and chlorite.

Among the clay minerals, chemically
synthesized sodium tetrasiliric mica containing less
impurities, and the smectite group are preferred for

15 excellent transparency. Exemplary smectite group
materials include montmorillonite, beidellite,
nontronite, saponite, hectorite, sauconite, and
chemically synthesized products having a similar
crystalline structure.

20 The layered inorganic compounds which have
been swollen or dispersed, for example, in the form of
dispersion or gel are formed into film by solvent
casting or coating on a releasable substrate, for
example, on a polyester film having a surface treated

25 with a releasing agent and by peeling off after drying,
whereby a layered inorganic compound sheet or film

comprising layered inorganic compounds and having less

anisotropic in-plane refractive index, which is different



synt hesi zed sodiumtetrasiliric mca containing |less inpurities, and the
snectite group are preferred for 15 excellent transparency. Exenpl ary
snectite group materials include montnorillonite, beidellite, nontronite,
saponite, hectorite, sauconite, and chemcally synthesized products having
a simlar crystalline structure. 20 The | ayered inorganic .

compounds why chebaiechgere SUALL AR, OfndbR0eA el {RICINAUD Birddtide & m of

di spersion or gel are forned into filmby solvent casting or coating on a

rel easabl e subsppapgsiiPrpLIRi®ée. Ofnhé P@éﬂP@ér@E dnddrdays Ngi BnS Usdmce
treated 25 wth a relea5|ng agent and by peeling off after drying, whereby

a layered inorgpai Gs6@®P9Uplth S&eLétQEdéts M £ OFRY | Srdibrd )i wsht d gani ¢
conpounds and having | ess anisotropic in-plane refractive index,which is

di fferent -7- 1 fromgddpvéets atdi v& wSSEXEI gvkaentﬂng:me&ﬁsbéwin
can be easily produced. The resultant sheets or filns can be used as phase

retarders irs t heher bspeted nveot gami c Sobmpamindd GHuom lIds dxk fadrosavewHiiaty or

di spersing 5 the layered inorgani c conmpounds shoul d be those which can

swel | the intertayeswsbhcthdeimpenl dper cspatealbetwedmyre wrytsstaifl itrtee

| ayer ed i norgani c conpounds, and anong them preferred ones are those

capabl e of swellaygr units of the layered inorganic compounds, and
among them, preferred ones are those capable of swelling
the interlayer space to such an extent as to exhibit a

10 colloidal state. Exemplary solvents which can be used
for the clay minerals not formed with organic
materials between the crystalline layer units are
dimethylformamide, dimethyl sulfoxide, nitromethane,
water, methanol and ethylene glycol.

15 In order to achieve a good transparency after
film formation, such layered inbrganic compounds
containing no impurity and having a mean particle size
of 5000 nm or less as determined by é dynamic light
scattering method, inter alia, clay minerals should be

20 preferably used. More preferred mean particle size is
in the range of 1000 nm to 10 nm. The synthetic
smectite group materials, mean particle size of which is
controlled in the range of visible light wave length or
less are preferred; inter alia,  synthetic hectorite-

25 group materials are preferred.

In production of the phase retarders using the

layered inorganic compound sheets or films according to

the present invention, a mixture of the layered



. the interlayer space .to such an extent as to exhibit a 10 colloidal state.
Exenpl ary sol vents which can be used for the clay mnerals not forned
with organic naterials between the crystalline |layer units are

di et hyl f or mam de, di net hyl sul foxi de, nitrogethane, water, nethanol and

et hyl ene glycol. 15 In order t© achi eve a good transparency

ft filmf ' h i ' [ i .
"mpur ity and naviBordeReSnoplEiify erbe ts “oBpIERkTEr A e
by a dynam c |ight ﬁfé%ﬂé&gb%@é&.@é’ﬂmefo éﬁ‘jrlféﬂ HeéYed i & shoul d be
20 preferably used: re preferred nean particle stze 1s in the range of

1000 nmto 10 ngbggéggt ¥gtgﬁai fﬁﬁ¥1i$§ ?fggﬂmgﬁig§agls, mean particle

size of which i trolled In the range of visi | ght wave | ength or

less are preferred; inter @héaopSiddIE) | ErdRSpOFdAe 2Esin Ot BBRLAYAl S are
preferred. In production of the phase Tetarders using the | ayered inorganic

conpound shegts porfth&Emage@Fdlid¥k | bt endt EERI tédVEdf iy che xture of
the | ayered -8- 1 inorganic conpounds with an optically transparent

resin is preferrggldetaaserom! wyd ypiedbi ¢ t ¥es Ives namd ORydfBpHIEYild @medn@s
durability are inproved. The optically transparent resins to be used
desired depending upon the type of layered inorganic
compounds. Such resins may be used alone or in a blend
of a plurality of them, and inclusion of a resin
10 additive can be acceptable, if in small amount.

The ratio of the layered inorganic compouhds
to the optically transparent resins is not critical,
though the ratio of the layered inorganic compounds to
the optically transparent resins by wvolume is preferably

15 in the range 6f 0.1 to 10 in view of enhancing film
formability and mechanical properties, such as crack
resistance of the layered inorganic compound sheets or
f£ilms. i

Procedure for forming films from a mixture of

20 the layered inorganic compounds and the optically
transparent resins is not critical, so long as the
interlayer space between the crystalline layer units of
the 1ayered inorganic compounds is expanded after the
film formation to attain a structure where the resin

25 molecules occupy the interlayer space between the
crystalline layer units.

For example, one may make mention of a method

comprising the steps of heat-kneading the layered



5 for the m xture are, but not limted to, any one selected from

hydr ophobi ¢ resins. and hydrophilic ones as desired depending upon the type
of layered inorganic conpounds. Such resins may be used alone or in a blend
of a plurality of them and inclusion of a_rgsin 10 additive can be
acceptable, if in small anount. The ratio of the |ayered inorganic

conpounds to {he;japkgaakky cohpBapaselhd’ ehkNept $cALyCErhhéphrehktough the
ratio of the |ayered”i norgani C conpounds to,tﬁe optically transparent

r-esins by vol uneresips¢f @habb¥t2idifgt BRe AEGE Qin® ditwdd Lo s e
enhancing filmformability and nmechani cal properties, such as crack '

resistance of thehkayered meehgdncempeipingdthsestapsrofi mimingracedure for
forming films froma m xture of 20 the | ayered i norganic conpounds and the
optically transpaagetredeinnzgaaigotompoundaivhich hasgbeent bwoildear bayer
space between the crystalline |ayer units of the |ayered inorganic
conpounds i s Bxpdndpdraédeint hesbilivantor flari examplett ai diapersionupe where
the resin 25 nolecules_occugy the interlayer space between the crystalline
| ayer units. Forgekanwith the epypisakéyntnanspaneént neshnd,canfri sing the
st eps of heat-kneading the | ayered - 9- .
extruding the resultant mixture to form films; and a
method comprising the steps of mixing a layered
inorganic compound, which has been swollen or dispersed i
10 in a solvent, with a solution of the optically
transparent resins dissolved therein, and casting or
coating the resultant uniform mixture on a substrate to
produce films. Preferred among these is the method
where a dispersion of the layered inorganic compounds in
15 a solvent and a solution of the optically transparent
resins dissolved are mixed to form a uniform mixture
which is cast or coated to produce films.
When a clay mineral is used as layered
inorganic compound, the hydrophilic resins to be used
20 include nonionic hydrophilic resins such as vinyl
alcohol polymers, for example, polyvinyl alcohol,
ethylene-vinylalcohol copolymers, partially saponified
polyvinyl acetate, cellulose polymers, for example,
cellulose, hydroxyethyl cellulose, carbomethoxy
25 cellulose, polyvinylpyrrolidone, polyhydroxyethyl
methacrylate, polyacrylamide, and polyethylene glycol;

cationic hydrophilic resins such as polyethyleneimine,

polyallylamine, N-type-alkylated polyvinylpyridine, and



1 inorgani c conpounds and the qptically transparent resins, and extruding
the resultant mxture to formthe sheets; a nethod conprising the steps of
m xi ng a | ayered i norgani c conpound whi ch has been swollen or 5 dispersed
in a solvent, for exanple, a dispersion or_gg . wth the optically
ty ansparent resins, and extruding the resultant mxture to formfilns; and

a nmethod conmri simgeésen 5t &psowic ”ﬂf&f&pﬁih%%&?ﬁh@oéﬂ | &5 COODPEBEyYECH

has. been swol |l en or dispersed 10 1'h a solventw a solution of the

optically transpgsed} $68ilk HbEFd¥Pratoer gbly3ngreRst sUDfOhatoptang t he
resultant uniform m xture on a substrate to produce filnms. Preferred anong

these is the netmimhep@lysﬂym 4wl ohatde | ayered i norgani ¢ conpounds
in 15 a solvent and a solution of the optically transparent resins

di ssol ved are m xed to formen entidmcenentst of eth8i £himsfoasdbblitpaird to
produce filnms. Wien a clay mneral is used as |ayered inorganic conpound,
t he hydrophi I5i ¢ thesimeschan bea L qerbpidrt iesd ushech oas oorachyxksigtance resi ns
such as vinyl alcohol polyners, for exanple, polyvinyl alcohol,

et hyl ene- vi nyl al tdeholayssped yinmrgarpiar t¢cehpgusd poneétedpd idmsy | thecise e,
cel lul ose pol yners, for exanple, cellul ose, hydroxyethyl cellul ose,

car bonmet hoxy 25 afinan-csmnipdiydaaphigyie oresibme, otsmhyakicwyet hyl

met hacryl ate, polyacryl am de, and pol yethyl ene glycol; cationic hydrophilic
resins such as EAVSHEHRYHGTRHe PPaMars yiapreienregpeand kyl at ed
p0|yVinylpyridi%%i;ggLylalcohols havipg a degree of saponification of

10 70% or more and a degree of polymerization of 200 to
1800 are most preferred for excellent mixability with
clay minerals, as well as transparency after film
formation.

The mixture of the layered inorganic compounds

15 and the optically transparent resins may cause an
orientation of the optically transparent resins at the
time of the film formation resulting in generation of
birefringence, but the in-plane retardation should be
preferably controlled to a value of 50 nm or less.

20 The phasé retarders comprising the layered
inorganic compound sheets or films according to the
present invention may be formed on a transparent
substrate having no or a very small in-plane
birefringence to produce a phase retarder in the form of

25 a sheet or a film deposited on the transparent
substrate.

The transparent substrates to be used should

have an excellent transparency in the visible light



- 10 - 1 chitosan; anionic hydrophilic resins such as polyacrylic .acid,
sodi um pol yacryl ate, pol ystyrene sul fonate,. and sodi um pol ystyrene

‘sul fonate. For enhancenent of the filmformability and 5 the nechanical
properties such as crack resistance of the %ﬁyered I norgani ¢ conpound
sheets or filns, the use of.non-ionic hydrophiTic resins, inter alia,

pol yvi nyl al oghole ARloimeict il Gbebethadal Mol eoal $havisiaa

degree of saponification of 10 70% of nore an merization

of 200 to 1800 aregmsie WitleFritdehee .ex¢eld @i‘ardﬁlé?}biﬂhie%ry o dChhd¥re a
mnerals, as well as transparency after filmformation. The m xture of the

| ayered i nor ganiig-Gapeundtakdadidnt B¢ Gpt naldry llesanapar epicicali ns may
cause an orientation of the optically transparent resins at the time of the

filmformation nesifddmigyl,n apendeathpable bifr €brimingnopt ikal 1yhaniifopmane
retardati on should be preferably controlled to a value of 50 nmor |ess. 20
The phase re$ar chreztsomy ifdilng fheml aydisgpersdoganirc gednpbitadnededlys or
films according to the present invention nay be formed on a transparent
substrat e havi ngwed ldnga oredjspeukk itheplayeredr éhorggaice comppundsce a
phase retarder in the form of '

The transparent substrates as above include
clean glass substrates, transparent resin substrates
produced by a film-casting process, and surface-

10 saponified cellulose base films, inter alia, the
surface-saponified céllulose base films are preferred.

As techniques for laminating the transparent
substrate and the phase retarder of the layered
inorganic compound sheet or film according to the

15 present invention, there may be mentioned a method
comprising the steps of forming the film on a releasable
substrate such as polyester film, the surfaces of which
have been treated with silicone, or stainless steel
plates processed with fluorine, then peeling the layered

20 inorganic compound film from the substrate, and
laminating the film onto one of various substrates with
an adhesive or a sticking agent; a method comprising the
steps of casting a layered inorganic compound which has
been swollen or dispersed, for example, a dispersion or

25 a gel on a transparent substrate to form a film
deposited on the substrate; a method comprising the

steps of mixing a layered inorganic compound which has

been swollen or dispersed, for example, a liquid



25 a sheet or a filmdeposited on the transparent substrate. The
transparent substrates to be used should have an excellent transparency in
the visible Iight 1 range, but have no in-plane birefringence or very
smal | in-plane birefringence. For exanple,;4hey should have a in-plane
r-etardati on of 50 nmor |ess and optical unitormty, and be capabl e of

form ng optijcal §yspeis06m arsheges Qithi ANSoligeibA sksaﬁésépai@élggl
obtained by swelling or dispersé the |ayered inorgani c conmpounds. The

transparent subgtiféperéntapeyeni Actsdbvedetd grodsceudstnafepm transparent
resin substrates produced by a fil mcasting process, and surface- 10

saponi fied cel |nieserdasendi tastingt ehie ahigtutéetsufbamea stpmy famdl a

cellul ose base filns are preferred. As techniques for |am nating the
transparent subméthved eowptheiphasicersetapdef etttbdihqy=rkgyersd gani c
conpound sheet or filmaccording to the 15 present invention, there may be
ment i oned a Snet imcrgampe i somgotuhd ot eqrse ob £ f vaniogs t teansparent a rel easabl e
substrate such as polyester film the surfaces of which have been treated
with silicone, substmatesstospreduqsd at ebapinzessedinend) themy ithe t hen
peeling the |layered 20 inorganic conpound filmfromthe substrate, and

| ami nati ng t he méthodnceompnis big vehre oskepsibef rmixingiwnmiformly a liquid

dispersion, obtained by swelling or dispersing a layered
inorganic compound in a solvent, with a solution of an

10 optically transparent resin dissolved to produce a
dispersion, which is made into a film by a casting or
coating process, is preferred.

The phase retarders comprising the layered

inorganic compound film or sheet according to the

15 present invention can be used alone or in the form of a
laminate on an optically transparent sheet or film which
have no birefringent anisotropy in the plane. They can
be preferably employed in the liquid crystal display
devices of the type requiring an optical compensator, in

20 which the in-plane refractive index and the refractive
index in the thickness direction are different from each
other.

The phase retarders comprising the layered

inorganic compound film or sheet acﬁording to the

25 present invention can be endowed with a good
viewing angle property by laminating on a birefringent
film having a negative birefringent anisotropy.

The birefringent films having a negative



.an adhesive or a sticking agent; a nethod conprising the steps of casting a
| ayer ed i norgani ¢ compound whi ch has been swol |l en or dispersed, for

exanpl e, a dispersion or 25 a gel "on a transparent substrate to forma
filmdeposited on the substrate; a method_cpgpLising the steps of mixing a
l-ayer ed .i norgani ¢ conpound whi ch has been swol | en or dispersed, for

exampl e, a |jquidrefrinként andiseRebPiORad Lo @RlsiWy Bprasakdt byn of the
optically transparent resin dissolved to produce a uniform m xture, and

casting the nm xistretdching @ &illml 6 andes ifPHavd neO MRl neigagiike step of
extruding a | ayered 5 i norgani c conpound on one of various transparent
substrates to pipdidasid direfiréngdneeay t Mha stthetohiihgdcaanpei sing the
steps of mxing uniformy a liquid dispersion,obtained by swelling or

di spersing a | apexrformedr bgnanyconpoafidconventdionaidt wethndgqaekusueh afs an
10 optically transparent resin dissolved to produce a dispersion,which is
made into a 5il welnygexiogst shgetchingt bagwpeocevd lsi,sapdetellédg, Thedphase
retarders conprisin% the | ayered i norganic conpound filmor sheet according
to the 15 presthe ildkent sonleng 88 iSedldpvwscusdfopmihy formesardationnat e
on an optically transparent sheet or filmwhich have no birefringent

ani sotropy in tke gt&Ad&n:.-They can

As laminating techniques, one can employ
similar methods to those for laminating on the

10 transparent substrate as described above.

There are known various resins having negative
intrinsic birefringence. Vinyl resins having high
dielectric constant substituents in side chains are
preferred, inter alia, aromatic vihyl resins and acrylic

15 1resins are more preferred because they are excellent in
optical properties.

Practical examples of such resins include
polystyrenes, poly-a-methylstyrene, polyvinylpyridine,
polyvinyl naphthalene, and polymethyl methacrylate.

20 The phase retarders obtained in this way have
excellent . viewing angle properties and can be used as
optical compensator in the liquid crystal display
devices of the type requiring a wide viewing angle.

Process for attaching the present phase

25 retarders onto the liquid crystal display devices is not
critical and may be conducted as by applying a sticking
agent to one side or both sides of the phase retarder,

and attaching adhesively the phase retarder onto a



be preferably enployed in the liquid crystal display devices of the type
requiring an optical conpensator, in 20 which the in-plane refractive

i ndex and the refractive index in the thickness direction are different.
from each other. The phase retarders conpri gigng the | ayered inorganic
conpound filmor sheet according to the 25 present invention can be

endovwed wi thia oDDRguid e¥POcRN0EEL D HRE/ by HYpd Bk Dpét N Pitkedigiid igrent
filmhaving a negative birefringent anisotropy. The birefringent filns

havi ng a negativehe phad$ retatdeeimiydsatd pspssid oy thee dideasf |the
obt ai ned by stretching a filmof a resin having an negative intrinsic

birefringence. Thiegsid etxysta)l czel be pehid ophesk pylary maye dé dicsposdd onal
techni ques such as 5 tentering, stretching between rolls, and rolling, and
the like, so | oriptweén tlie ofwonmipotanizer mndtthelatignd cotstalncedd,

| am nating techni ques, one can enploy simlar nethods to those for

| ami nating of tMmxr letyeemsihe oreas Pkarizenantksthe beduisb\arystiadr.e are
known various resins havin neq?tive intrinsic birefringence. Vinyl resins
havi ng hi gh diel ectric corfh@rRhagmhietardnss iof sthie pIRESHE dnwention

can be easily produced and used alone or in combination
with other films and the like for improving the display
properties of various liquid crystal display devices.

10 For example, the phase retarders comprising
the layered inorganic compounds sheets or films
according to the present invention can be used as
compensators in the TN type liquid crystal display
devices which comprise:

15 a liquid crystal cell containing nematic
liguid crystal molecules having a positive dielectric
anisotropy where the molecules are placed between two
trénsparent substrates each having an electrode
disposed parallel thereto, such that both electrodes

20 face each other and are oriented with their
longitudinal axis parallel to the transparent
substrates, and are twisted as a whole at an angle of 80° to
100° relative to the direction perpendicular to the
transparent substrate when no voltage is applied;

25 a pair of linear polarizers which are disposed
on the outer sides of the liquid crystal cell; and

a compensator layer disposed in at least one

pPlace between the liquid crystal cell and the linear



preferred, inter alia, aromatic vinyl resins and acrylic 15 resins are
more preferred because they are excellent in optical properties. Practical
exanpl es of such resins include polystyrenes, poly-[err]-nmethylstyrene,
pol yvi nyl pyri di ne, polyvinyl naphthal ene, 1@d pol ynet hyl nethacrylate. 20
.The phase retarders obtained in this way have excell ent vi ewi ng angl e
properties pndpeadrheewsed as optical conpensator in the liquid crystal

di spl ay devices of the type requiring a wi.de view ng angle. Process for
attaching the present phadeezbatieedydeascombbnabiohigfii ther pBase di spl ay
devices is not critical and may be conducted as by applying a stickin%
agent to one sretasdempompirdéingf theelpyaredr énordenicafgmRPRAEHFRES

adhesively the phase retarder onto_a - 14 - 1 liquid crystal cell and/or
a pol ari zer. Ebptchddlsi watbf at uaipkiadlyeconiantednipelaidgBREELM™y he si de
of the liquid crystal cell. The phase plate may be di sposed between the

front pol ars zecompdishag rqihereppieaticeresin’ BaviRgvReReFAE Y ar
pol arizer and the liquid crystal. The phasge retarders of the_present
invention can bérefsingeptoandEAtaRBYuSRA HPpﬂéegraFnCBHHBPﬁQEPBnLRA;h
e o e vet ol aen Sy, Sape Lagnia trydea]alspRa P aBLOBE Lheanol vart ous
comprises:
a liquid crystal cell containing nematic
10 liquid crystal molecules having a positive dielectric
anisotropy where the molecules are placed between two
transparent substrates each having an electrode
disposed parallel thereto such that both electrodes
face each other and are oriented with their longitudinal
15 axis parallel to the transparent substrates, and are
twisted as a whole at an angle of 180° to
270° relative to the direction perpendicular to the
transparent substrate when no voltage is applied;
a pair of linear polarizers which are disposed
20 on the outer sides of the liquid crystal cell; and
a compensator layer disposed in at least one
place between the liguid crystal cell and the linear
polarizers. Such TN and STN type liquid crystal
displays are also described in U.S. Patent No.
25 5,061,042.
The present invention will be illustrated with

reference to the following Examples without being limited

thereto. The mean particle sizes in the following



10- For exanple, the phase retarders conprising the layered
i norgani ¢ conpounds sheets or films according to the present invention can '
be used as conpensators in the TN type-liquid crystal display devices which
conprise: 15 a liquid crysiajgcell containing nematic |iquid
crystal nol ecul es having a positive dielectric anisotropy where the

ol ecul es; ar il WakeeaBtethibeanHERheR -9gDPhERTEI c08g hebiaVi g an

el ectrode di sposed parallel thereto, such that both electrodes 20 face

each other ap¢aananmel grbadBMobkhaken’ tharGuhddicBatozpbsapabal.l el to the
transparent substrates, and are twisted as a whol e at "an angle of 80[err]

to 100 relative to the direction perpendicular to the transparent substrate
when no voltage is applied; 25 a pair of linear polarizers
whi ch are di gramgdeon the outer sides of the liquid crystal cell; and a
"conpensator |ayer disposed in at |east one place between the liquid crystal
cell and the linear PolgStyrénpolfdlmz ¢HR. shkeer amdilebye firomnbi nati on of
t he phase retarder, conprising the |ayered inorgani c conpound sheet or
filmwthsa DAINIPRONyINKi énCHEMBCABSr INGeNt was| milbedcbappredngeaa
t her nopl astic resin having a negative
15% solution of dichloroethane which was cast into a
film. This film was stretched 2.8 times by tentering at
135°C resulting in a birefringent f£ilm having an in-
plane retardation (Ry) = 512 nm, 6, ,, = 35°, and a
10 thickness of 28 um. This film was corona-discharged
with a corona-discharge apparatus (MM Electrode type
corona-discharge test machine available from Softal
Electronic Gmbh) under conditions of a discharge energy
of 400 W.min./m? to achieve a surface tension of 54
15 dyn/cm or more, and then applied with a 1% aqueous
dispersion of a clay mineral, i.e., synthetic smectite
particles (available from KUNIMINE KOGYQO under the
tradename, SMECTON SA) having a mean particle size of
108 nm, and dried at about 28°C for 12 hours to produce
20 a phase retarder comprising a birefringent polystyrene
film having the synthetic smectite layer of a thickness
of 3.8 um laminated thereon. This phase retarder

exhibited a wide viewing angle of 6,,, = 59° with in-

plane retardation value R, = 512 nm.

25 Example 2

A cast polystyrene film produced in the same



birefringent anisotropy,can be used as conpensator in the STN type |iquid
crystal display device which conprises: a liquid crystal cell- contalnlng
nematic 10 liquid crystal nolecul es having a positive dielectric

ani sotropy where the nol ecul es are placed Zetmeen two transparent
substrates each having an el ectrode dlspo§ d parallel thereto such that

bOF h el ecti_ (i’t%‘%]%ﬁ%?%%sgg‘??&?ﬁ‘?ﬁbs[lfa r| %QB: gc‘ffetdh o, @eltr(‘ﬁ eQnQiyt udi nal 15

axi s paral are twisted as a whol e at

an angl e of 18&[ N Iy 2Atlrang] coPaRaif taobtlli'%f'iu g@%wcorfmf paRdingul ar to

the transparent s en-no voltage I's applie a palr l'i n€ar

pol arizers WwhigCh 1filcGndssP8Fe382¢m AR aﬁhqmrm@l ges of 3de Jignig &ystal
cell; and a conpensator |ayer disposed in at | east dhe pl ace bet ween t he

l'iquid cryst alsgeelim.andntike fhilne ¥ sPebabhacks schaegedNuadd rStHe! ¥agel i qui d
crystal displays are also described in U S. Patent No. 25 5,061, 042. The

present i ngenidopdiWildnsbasi ihugkanpee W th aeheeveca tartfheef eehnediong
Exanpl es without being limted thereto. The nean particle sizes in the
fol | owi ng ofl 64 dimPsmpremoner, caddt ehennagplied BitR0aPast agueoSiszer
dispersion of a clay mineral, i.e., synthetic hectorite
particles (available from Laporte Co. under the
tradename, Laponite XLG) having a mean particle size of
10 35 nm, and dried at about 28°C for 12 hours to produce a
phase retarder comprising a birefringent polystyrene
film having the synthetic hectorite layer of a thickness
of 10 pum laminated thereoﬁ. This phase retarder

exhibited a wide viewing angle of 6, ,, = 80° or more with

15 R, = 506 nm.

Example 3
To a triacetyl cellulose film having a
thickness of 80 pm (available from Fuji Photo Film Co.
Ltd. under the tradename, FJITACK CLEAR), the surfaces
20 of which were treated by saponification, having an in-
plane retardation of 6 nm, there was applied a 1%
agueous dispersion of a clay mineral, i.e., synthetic
smectite particles (available from KUNIMINE Industry
‘under the tradename, SMECTON SA) having a mean particle
25 size of 108 nm, and dried at about 28°C for 12 hours to
produce a phase retarder comprising a triacetyl

cellulose film having the synthetic smectite layexr of a



avai | abl e from Brookhaven | nstrunents Corporation. Exanple 1 Polystyrene
film(HR sheet available from5 DAI NI PPON | NK & CHEM CALS 1NC.) was m || ed
to produce a 15% sol ution of dichl oroethane which was cast into a film .
This filmwas stretched 2.8 tines by tentgéing at 135[err] resulting in a
birefringent filmhaving an in- plane retardation [err] = 512 nm [err] =

38Lert] apd RpbQbilakngss of 29 \Lehike oHicholldd vesmgorgatadighar ged

with a corona-glsgﬁbrge appar a € etyp char ge test

rachi il fs I 5 - Q3 h): g s f
gf‘gchgfggvgheggh%%é:fﬂc%&%%e}nﬁ#a C i HHeterid )m“'i-‘é‘%rraf%‘l'l‘yet iNgR O 2

err[ toachieve a surface tension of 54 15

dyn/cm or nor getdRdal e AR Ll %rﬁég/?qgaeoa dieheeieplikoplecd C! 2y

mneral, i.e., synthetic snectite partic aval [ abl e from KUNI M NE KOGYO

under the traderar®ioaMgeTN19Ak havi G vRADIRAE i¥dtariez® ifd k08 nm  and
dried at about 28[err] for 12 hours to producé 20 a phase retarder

conpri singsa Reiof NoRgPilraFRlingencenasl repréaentadt by anntiheplansmectite
| ayer of a thickness of 3.8 [err] lam nated thereon. This phase retarder
exhi bited a wrdeavrdawiop afgléenaf, [err] = 59[err] with in- plane
retardation value [err] = 512 nm 25 Exanple 2 A cast polystyrene film
produced in the sane
Example 4
A cast polystyrene film having a very low
birefringence was obtained by casting in the same
10 procedure as in Example 1. This film was corona-
discharged under the same conditions as in Example 1 to
achieve a surface tension of 54 dyn/cm or more, and then
applied with a.0.65% aquéous dispersion of a clay
minerai, i.e., sodium tetrasiliric @ica (available from
15 TOPY INDUSTRIES, LTD. under the tradename, Na-Ts) having
a mean particle size of 977 nm, and dried at about 28°C
for 12 hours to produce a phase retarder comprising a
cast polystyrene film of a very low birefringence having
a sodium tetrasiliric mica layer of a thickness of 2.5
20 um laminated thereon. The sodium tetrasiliric mica
'layer had a difference in refractive index between the
direction in the plane and the thickness direction of

2.14 x 107! and the phase retarder had a very low

birefringence in the plane.

25 Example 5

A cast polystyrene film produced in the same



+ - 17 -~ procedure as in Exanple 1 was stretched 2.8 tines at 135[err] by
tentering to attain a birefringent filmhaving a thickness of 28 [err] and
exhibiting [err] = 35[err] with [err] = 503 nm This filmwas

corona-di scharged under the same 5 conditi®ns as in Exanple 1 to achieve a
surface tension of 54 dyn/cmor nore, and then applied with a 2% aqgueous

di sper si onl of prockdyrei rer dh, Examples\inwast istriecched t26 Spddmes e&
(avai l able from Laporte Co. under the tradenanme, Laponite XLG having a
mean particl el8B2€ bf tente¥img tendtdeiiod aabizedotingendr £ilmohavingours to
produce a phase retarder conprising a birefringent polystyrene film having
t he synt heti cah&bickness| afer8otimg ank; exhdbd tdng1@,[jer? 133 Arivieh &Y =her eon
This phase retarder exhibited a wde view ng angle of [err] = 80[err] or
nore with 15 508r Ap.= Sbésniilpy w@s €ozong-gischazgegl uaderuthse spmem
havi ng a thickness of 80 g?[r] avai |l abl e fromFuji Photao Film Co. Ltd.
under the 3raBeREkELORS| & CKnCE%ﬁRP}etﬂet§uPF§éS§926 SYFIRRPC KeRELED: 1 eat ed
by saponification, having an in- plane retardatiqgn of 6. nm there was

ool ted a 166 88 B8.ATHY SHePE: BRTSh R0 hpem AgPLed) vith ap, pBERESaect i t o
particles (ava%lable.fron1KUNlM.NE I duséry nder .t he tradeagne SMVECTON
SA) having a feSRepaF-PPcFRNIASTENF 05 21 8'nx1méﬁ&uaﬁi85 &t “&pBH1re98Fer 1]

{07 12 hours, b8 eLUNER, BeP RSBl ChARERICOtLL o BrtnbULEORRoELLY O0°

particles (available from Laporte Co. under the :

10 tradename, Laponite XLG) having a mean particle size of
35 nm and a 2% aqueous solution of polyvinylalcohol
(available from Wako Pure Chemical Industries, Ltd.)
having a degree of polymerization of 500 and a degree of
saponification of 98.5%, and then dried at about 28°C

15 for 30 hours to produce a phase retarder comprising a
birefringent polystyrene film having a polyvinylalcohol-
containing synthetic hectorite layer of a thickness of
18 pum laminated thereon. This phase retarder exhibited
a wide viewing angle of 8, ,, = 74° witﬁ Ry = 503 nm and

20 was very good in film condition.

Example 6
To a triaceﬁyl ceilulo;e film having a
thickneés of 80 um (avgilable from Fuji Photo Film Co.,
Ltd. under the tradename, FJITACK CLEAR), the surfaces
25 rbf which were treated by saponification, having an in-
plane retardation of 6 nm, there was applied an aqueous

dispersion consisting of a 3 : 7 mixture of a 5% agqueous



- 18 - 1 thickness of 3.8 [err] |am nated thereon. The synthetic snectite

| ayer had a difference in refractive index between the direction in the

pl ane and the thickness direction of 1.12 x [err] and the phase retarder
had a 5 very low birefringence as represenygd_ by an in-plane retardation of
6 nm Exanple 4 A cast polystyrene filmhaving a very | ow birefringence was

obtained by;cagiidieddl dlieodTRIEY RHifEeAY©i38. N shRNEleclnellbe ksl m vas

corona- discharged under the sanme“conditions as in anple 1 to achieve a

surface tensi opadt x4 &by 'Va/8i0/apIer $roandapbeteaprpl.i @ddeit Rha 0. 65% aqueous
di spersion of a clay mneral, i.e., sodiumtetrasiliric mca (avail able

from 15 TOPY | NRddEdnie, (LHponut@exIEShehhirad: nanﬁeaﬂafli'}.ib&éi Bgza 8E€an
particle size of 977 nm and dried at about 280C for 12 hours to produce a

phase retarder 3Som iRid@ @2 .63Saguebyst gogaeidbhl Eopodyvenylhdaohol
birefringence having a sodiumtetrasiliric mca |layer of a thickness of 2.5
20 [err] | afi ngtasch it ladyleo rErofh KURARANNCORY r 3D ijr havihgaal dggredadfa
difference in refractive index between the direction in the plane and the
t hi ckness di r eqpoilymenfi Z2tli4onx 0£0300anddt hedpgase ot aapenifiddationrgf| ow
birefringence in the plane.
98.5%, and then dried at about 60°C for one hour to
produce a phase retarder comprising a triacetyl
cellulose film having a polyvinylalcohol-containing
.10 synthetic hectorite layer of a thickness of 12 um
laminated thereon. The polyvinylalcohol-containing
synthetic hectorite layer had a difference in refractive
index between the direction in the plane and the
thickness direction of 0.18 x 10! and the phase retarder
15 had a very low birefringence in the plane as represented
by an in-plane retardation of 6 nm. This phase retarder

was very good in film condition.

Example 7
To a non-oriented glass plate, there was
20 applied an agueous dispersion consisting of a 3 : 7
mixture of a 2% aqueous dispersion of a clay mineral,
i.e., synthetic hectorite particles (available from
Laporte Co. under the tradename, Laponite XLS) having a
mean particle size of 35 nm and a 1% agueous solution of
25 polyvinylalcohol (available from KURARAY CO., LTD.)
having a degree of polymerization of 1000 and a degree

of saponification of 98.5%, and then dried at about 60°C



25 Exanple 5 A cast polystyrene filmproduced in the sane - 19 -1
procedure as in Exanple 1 was stretched 2.8 times at 135[ err] by tentering
to attaln a birefringent f|In1haV|ng a thickness of 28 [err] and exhi biting
[err] = 35[err] with [err] 503 nm This 44 |on was corona-di scharged under
t-he sane 5 conditions as in Exanple 1 to achieve a surface tension of 54
dyn/cm or nbr efozndneh@buaprbi ptoduch anpagdgeovetdicper somprisiagstheg of a
1: 1 mxture of a 2% aqueous di spersion Qf a clay mneral, i.e., synthetic
hectorite partgthss paaaelhbbén@ranpbayvihglsmcohodeconhalﬁmngtradenane
Laponite XLG having a nean particle size of 35 nmand a 2% aqueous
sol uti on of pobymthetakcbecltofatei Lapes bfoa YhkokRese Gfficfi pml | ndustri es,
Ltd.) having a degree of polynerization of 500 and a degree of
saponi fi cati onlamiggted thegechen Theegodyvahplaleshedrfontaindng30 hours
to produce a phase retarder conprising a birefringent polystyrene film
havi ng a pdivaH?FbB&éﬁohec§9ﬁ%§¢nlﬁge§yh@de§|@lﬁggtéﬁpﬁelﬂayéfréﬁtave
thi ckness of 18 errL | ami nat ed thereon. This phase retarder exhibited a
wi de vi ewi ng ahBfexobefweep £h¢4dweﬁt{.@nr}n—tgesphﬁrn&nanéot h@as very good
in filmcondition. Exanple 6 To a triacetyl cehlulose f||g1haV|ng

thickness direction of 0.16 x 10! and the phase plate

had a very low birefringence in the plane. This phase

retarder was very good in film condition.

10 Example 8
To a triacetyl cellulose film having a

thickness of 80 um (available from Fuji Photo Film Co.,
Ltd. under the tradename, FJITACK CLEAR), the surfaces
of which were treated by saponification, having an in-

15 plane retardation of 6 nm, there was applied an aqueous'
dispersion consisting of a 3 : 7 mixture of a 1% aqueous
dispersion of a clay mineral, i.e., synthetic hectorite
particles (available from Laporte Co. under the
tradename, Laponite XLS) having a mean particle size of

20 35 nm and a 0.5% aqueous solution of polyvinylalcohol
(available from KURARAY CO., LTD.) having a degree of
polymerization of 2400 and a degree of saponification of
98.5%, and then dried at about 60°C for one hour to
produce a phase retarder comprising a triacetyl

25 cellulose film having a polyvinylalcohol-containing
synthetic hectorite layer of a thickness of 10 um

laminated thereon. The polyvinylalcohol-containing



t hi ckness of 80 [err] (available fromFuji Photo Film Co., Ltd. under the
tradename, FJI TACK CLEAR), the surfaces 25 of which were treated by
saponi fication, having an in- plane retardation of 6 nm there was applied

an aqueous dispersion consisting of a 3_ 5,4 mxture of a 5% aqueous - 20
-~ 1 dispersion of a clay mneral, i.e., synthetic hectorite particles
(ava"ab';elfrogerﬁae&;i@ Koctdpdes 1dvet RUSNANE £ fRMHEd S nXlrRf A iR @
mean particle stze of 35 nmand a 2.5% aqueous sol ution of polyvinylal cohol

5 (avail abl e 10 KURMRAYe Qe LdD-dcHEm Nth e @iame fanoleneer | zat i on of
300 and a degree of saponification of 98.5% and then dried at about

60[err] for ongni@khesd PLLstEEoR PHABELE 6t ATErad®EHd PHuER ddtDeRly |
cellul ose filmhaving a pol yvinyl al cohol -contai ning 10 synthetic hectorite
| ayer of a thigkdessvely 1Pod ebifefnindeics ihaRomplahee as represented

pol yvi nyl al cohol -cont ai ni ng synthetic hectorite |ayer had a difference in
refractives ndex &xetiveepldme xitaoddtion rof (6 nl .anahdzd phaset etardesr
direction of 0.18 x [err] and the phase retarder 15 had a very | ow

bi refringence was tdgmod| tmef hlkm regndssteigred by an i n-plane retardation of 6
nm This phase retarder was very good in filmcondition. Exanple 7 To a
non-oriented glass plate, there was

Example 9
To a releasable polyester film, the surface of
which was treated with silicon, there was applied an
10 aqueous dispersion consisting of a 3 : 7 mixture of a 2%
aqueous dispersion of a clay mineral, i.e., synthetic
hectorite particles (available from Laporte Co. under
the tradename, Laponite XLS) having a mean particle size
of 35 nm and a 1% aqueous solution of polyvinylalcohol
15 (available from KURARAY CO., LTD.) having a degrée 6f
polymerization of 1000 and a degree of saponification of
88.5%, and then dried at about 60°C.for one hour. A
polyvinylalcohol-containing synthetic hectorite layer
was eésily peeled off so that a phase retarder
20 comprising the polyvinylalcohol-containing synthetic
hectorite sheet of a thickness of 15 um. This phase
- retarder had a difference in refractive index between
the direction in the plane and the thickness direction
of 0.17 x 10! and had a very low birefringence in the
25 plane. This phase retarder was very gocd in film

condition.



20 applied an aqueous dispersion consisting of a 3 : 7 mxture of a 2%
aqueous dispersion of a clay mneral, i.e., synthetic hectorite particles
(avail able from Laporte Co. under the tradenane, Laponite XLS) having a
mean particle size of 35 nmand a 1% aquepgs-sol ution of 25

pol yvi nyl al cohol (available from KURARAY CO., LTD.) having a degree of

pol yneri zali ofExamgl @ tand a degree of saponification of 98.5% and then
dried at about 60[err] - 21 - 1 for one hour to produce a phase retarder
conprising the gl ass pl &e ahariagedydoloplilmllcslec didim d@wizmighiang synt heti ¢
hectorite |layer of a thickness of 8 [err] |am nated thereon. The

pol yvi nyl al coltdliaknass mhP® wy avetiilablec ifamom &ukdy dhated Filai Coerrence in
refractive index between the direction in the plane and the thickness
direction of @tes under |therd-nedensnese leé‘@é'»xﬁé?daféﬁl)er Fheo§usifasesi ngence
in the plane. This phase retarder was very good in filmcaondition. 10
Exanpl e 8 Jo #% MhGh Wera|tngaged Py srpanifd ca tianok feydngr ago ipey ]

(available from Fuji Photo Film Co., Ltd. under the tradenanme, FJI TACK
CLEAR), the s® sre(ﬁamfem/@%e)ﬁt PBat $HeEP ¥RSoMBRIAEC 67 ARHEONS an in-

L8 Pl ane rot Aol 8 Sl S s 2P e A0SR B ghabgs
dispersion of a clay mineral, i.e., synthetic hectorite
particles (available from Laporte Co. under the

10 tradename, Laponite XLG) having a mean particle size of
35 nm and a 2% aqueous solution of polyvinylalcohol
(available from KURARAY CO., LTD.) having a degree of
polymerization of 1000 and a degree of saponification of

 88.5%, and then dried at about 28°C for 30 hours to

15 produce a phase retarder comprising a triacetyl
cellulose film having a polyvinylalcohol-containing
synthetic hectorite layer of a thiekness of 10 um
laminated thereon. The polyvinglalcohol-containing
synthetic hectorite layer had a difference in refractive

20 index between the direction in the plane and the
thickness direction of 0.17 x 10°! and the phase retarder
‘had a very low birefringence in the plane as represented
by an in-plane retardation of 6 nm. This phase plate

was very good in film condition.

25 Example 11
A phase retarder was produced in the same

procedure as in Example 6, except that the



di spersion of a clay mineral, i.e., synthetic hectorite particles

"(avail able from Laporte Co. under the tradenane, Laponite XLS) having a
mean particle size of 20 35 nmand a 0. 5% aqueous sol uti on of '
pol yvi nyl al cohol (avail able from KURARAY CQO., LTD.) having a degree of
pol ynmeri zation of 2400 and a degree of Sagonification of 98.5% and then

dried at ahout o SOSERI1L9ER0P-DONES1 1 REOSUEE & PLARECEEE BELCTa ppr 1 o1 N0

a triacetyl” 25°C m havi ng-a cont ai ni

synthetic hectprjt hi ckness of 10 [err] |am nated thereon. The
polyvinylalcohg @c%n%§¥§%%g£sa°§ %2¥-Eq'synthetic hectorite |layer had a

difference in refracti VeTil%‘quT bfg?egglﬁ@ﬁogkiggga%%%%,?@hgg L and t he

t hi ckness direction of O. err|] and the very | ow

birefringence {dyiheaBianeran SOWIROROEEmPrcAlY @, | oMb aneif et ardation of
6 nm This phase retarder was good In filmcondition. Exanple 9 To a

rel easabl e spol yesh E6rbéthané heas (Lj;sf@ﬁ&éﬂ, iHE feaws ihentLdevinh spdigon,
there was applied an 10 aqueous di spersion consisting of a 3 : 7. mxture

of a 2% aqueousasit SPELRI Wals Oftretditeyd N IErgimes &t 13090 e} iterdwntioig t e
particles (available from Laporte Co. under the tradename, Laponite XLS)
having a nean parébtatnsa Zeirefringent f£ilm exhibiting R, = 403 nm,

8,10 = 38° and having a thickness of 85 um.

The phase retarder and the birefringent film
10 of polystyrene were stacked by means of a sticking agent

with the polyvinylalcohol-containing synthetic hectorite

layer being between the triacetyl cellulose film and the

birefringent film to produce a phase retarder. This

phase retarder exhibited good viewing angle properties

15 as Ry = 403 nm and 8,50 = 51°.

Example 12

A phase retarder was produced in the same
procedure as in Example 6, except that the
polyvinylalcohol-containing synthetic hectorite layer

20 had a thicknesé of 7.2 um.

The phase retarder and the same birefringent
film of polystyrene as in Example 11 were stacked by
means of a sticking agent with the polyvinylalcohol-
containing synthetic hectorite layer being between the

25 triacetyl cellulose film and the birefringent film to
produce a phaée retarder. This phase retarder exhibited

good viewing angle properties as Ry, = 403 nm and 6, ,, =



of 35 nm and a 1% aqueous sol ution of polyvinylal cohol 15 (available from
KURARAY CO., LTD.) having a degree of polynerization of 1000 and a degree
of saponification of 88.5% and:then dried at about ‘60[err] for one hour. A
pol yvi nyl al cohol - cont ai ni ng synthetic hectogite | ayer was easily peel ed of f
se that a phase retarder 20 conpri sing the pol yvi nyl al cohol - cont ai ni ng
synthetic hectgpbt gesheek.0of a thickness of 15 [err]. This phase retarder
had a difference in refractive i ndex between the direction in the pl ane and
the thickness direction of 0.17 x [err] and had a very low birefringence in
the 25 plane. This phase retarder was very good in filmcondition. - 23

- 1 Exanpl e 10c$ﬂpar§tha§enthpeblmlose filmhaving a thickness of 80 [err]
(avail able fromFuji Photo Film Co., Ltd. under the tradename, FJITACK

CLEAR), the surfaces 5 of thc.hpb@yetirﬁréﬁbeﬁlmm ébpamhédcani ehe havi ng an
I n- plane retardation of 6 nm there was applied an aqueous di spersion
consi sting of ad@ntidali procedufeatd’thgtednsEgdampiesiowasf sarettahed neral,
i.e., synthetic hectorite particles (available fromLaporte Co. under the
10 tradendire, 2L8pbhnes AtGL3A80I hy stentemipgrtocprodize af pB&sem and a 2%
aqueous sol ution of polyvinyl al cohol

retarder. This phase retarder exhibited R, = 503 nm and

8, 0 = 35°.

Example 13
A triacetyl cellulose film having a thickness

10. of 80 um (available from Fuji Photo Film Co., Ltd. under
ihe tradename, FJITACK CLEAR), the surfaces of which
were treated by saponification, was used as a substrate
film (in-plane retardation: 5.5 nm). Onto the substrate
film, there was afplied an aqueous dispersion consisting

15 of a 3 : 7 mixture of a 5.0% aqueous dispersion of a
clay mineral, i.e., synthetic hectorite .particles
(available from Laporte Co. under the tradename,
Laponite XLS) having a mean particle size of 35 nm and a
2.5% aqueous solution of polyvinylalcohol (available

20 from KURARAY CO., LTD.) having a degree of
saponification of 98.5% and a degree of polymerization
of 300 to produce a film having a thickness of 2.4 um
after drying, thereby attaining a phase retarder
comprising a triacetyl cellulose film having a

25 polyvinylalcohol-containing.synthetic hectorite layer

laminated thereon (referred to as Film A hereunder).



(avail abl e from KURARAY CO., LTD.) having a degree of polynerization of
1000 and a degree of saponification of 88.5% and then dried at about
28[err] for 30 hours to 15 produce a phase retarder conprising a triacetyl
cellulose filmhaving a polyvinylal cohal -ggntai ning synthetic hectorite
l.ayer of a thickness of 10 [err] |am nated thereon. The

pol yvi nyl aj colmle gly@iinylalephbletbatheatag Bgnltméeﬁ.chﬁdc&od’iii:éer ence in
refractive 20 i ndex between the direction in the plane and the thickness
directi on of Qa¥érxhaad- 2 ddadfelrenpbasia refaadeivbadndexebgtivean the
birefringence in the plane as represented by an in-plane retardation of 6 .
nm Thi s phasdiplemitdonainveéhe pdedei anfli khrecthdckneas dbréxtipheofl A phase
retarder was produced in the sane procedure as in Exanple 6, except that
t he - 24 - 0% 8oy \LORY laaidc aivel inoplane meteydandonc offeFidm fewhsyer had a
thickness of 2.4 [err]. Then, a 25% sol ution of polystyrene resin
(avai | abl €5 f r ¥@CSUNMOFOND- EHAW &AL determimed) bynmeagnsemenbevhbheawas
prepared, and cast into a film This cast filmwas stretched 2.0 tinmes at
130[ err] by t PReFigdngombprarRCRebirefringent fil mexhibiting [err] = 403
= havi hi ck f :
nm [err] 38 and aVIQgr%hgrﬁgrQ?sg 8asg5f£§£rLas obtained from the
polystyrene {(available from SUMITOMO CHEMICAL CO., LTD.
under the tradename, SUMIBRIGHT E183) in the identical
10 procedure to that in Example 11. The cast film was
uniaxially stretched to produce a uniaxially oriented
birefringent film having an in-plane retardation of 390
nm as determined by measurement with the polarizing
microscope (referred to as Film B) and a uniaxially
15 oriented birefringent film having an in-plane
retardation of 406 nm (referred to as Film C).
Using these films, there were prepared a phase
retarder 1 by laminating the Film A and the Film B with
a sticking agent (Constitution: triacetyl cellulose
20 film/polyvinylalcohol-containing synthetic hectorite
layer/polystyrene film) and a phase retarder 2 by
laminating the Film A and the phase Film C with a
sticking agent (Constitution: triacetyl cellulose
film/polyvinylalcohol-containing synthetic hectorite
25 layer/polystyrene film).
The STN type liquid crystal display device
with an optical compensator film equipped on the word

processor available from FUJITSU LTD. under the



The phase retarder and the birefringent film 10 of pol ystyrene were stacked
by nmeans of a sticking agent with the pol yvinyl al cohol -contai ning synthetic.
hectorite | ayer being between the triacetyl cellulose filmand the
birefringent filmto produce a phase retarqf; Thi s phase retarder
exhibited good view ng angle properties Ib“as [err] = 403 nmand [err]=

Siferr]. g?p'ﬁréﬁ Fﬁggsﬁﬁb?kapﬂ§%ﬁ§@i §ad’ ﬁS&QfPthB §%EBth§C%ﬂ3re as

in Exanpl e except € "poly al co cont ar ni'ng synt

hectorite layer, églcaidcgnpgbggg§§ hm/ tRekBELbm. Th%PEHaS%hEe ghdgr and

the sane birefringent fi yrene as I n Exa {1 "wer & st acked by
~means of a StiCkbRgrageny WhbhihBepebyi B¥{:%€Hhehe GpER! pblariyahhet i c

hectorite |ayer being beTween triacetyl cellul ose f| m and

birefringent fi fi‘linoaﬁaodﬂée 13glhaserystardesll IHHStﬁaagﬁaget 2bd8Fder
exhi bited good view ng angle properties as [err] 403 nmand [err]=

-25- 1 80[ery] 2rwaBréntbepbaedt b¥twEdANEhe lowefapblaehyshy’ €nemf aha
obtained in the identical procedure to that in Exanple 1 was stretched 5
2.8 tinmes at 13ther Lighydt esyetabgcédl pwbthicéach pbasacetyl cellulose
layer of both films being on the side of the film remote
from the liquid crystal cell. In this way, a STN type
LCD was made using as a compensating phase retarders the
10 combination of the phase retarders having the layered
inorganic compound layer with the uniaxially oriented
birefringent films.
This LCD exhibited less variation in contrast
depending upon viewing angle and good viewing angle
15 characteristics. Iso-contrast curves are shown in

Figure 1, in which CR indicates a contrast ratio.

Comparative Example 2
A liquid crystal display device was
constructed in the same manner as in Example 13, except
20 that a phase retarder having an in-plane retardation of
385 nm prepared from a thermoplastic resin having a
positive birefringent anisotropy (available from
SUMITOMO CHEMICAL CO., LTD. under the tradename,
SUMIKALIGHT) was used as Film 1, and that a birefringent
25 film having an in-plane retardation of 408 nm prepared
from a thermoplastic resin having a positive

birefringent anisotropy (available from SUMITOMO



retarder. This phase retarder exhibited [err] = 503 nmand [err] = 35[err].
Exanple 13 A triacetyl cellulose filmhaving a thickness 10 of 80 [err]
(avail able fromFuji Photo Film Co., Ltd. under the tradename, FJI TACK
CLEAR), the surfaces of which were treated by saponification, was used as a
seibstrate film (in-plane retardation: 5.5 8 -nto the substrate film

there was applied _an_aguequs dispersiqn copsisting 15 o {.mxture of
@B he' fraden

a 5. 0% aqueous drERYESABNCYs r aLTPayURAREr fhe trade §?ﬁthﬂ%¥§K%%E@%?PtEas
prt ol 52 Cov Tl oomaogr oo, ngin ! Se ALadorely bopan e 19
poni 1 cat  on o REETAoRas CramiRLcans i BorpaErssat Tt SRRt cte o
bhase retarder coNpr Tercat: FHASEH PR BFbuEad Mot G NY, %o

polyvinyIaIcgpolE§€%§2§ﬁiEges%£$§fﬁigr§g§%953%5q¢é?ﬂﬁleggfEHﬁg{fJE%éﬁ”‘

(referred to as ereun

pol yvi nyl al cohol ilgomg,hgiggmyntfé&l&:ﬁ‘@f&éﬂé é’é’ea[réwsqho'%vrpiifr{ ¥ in

refractive i ndex betweeh the direction int pl ane and the thickness
direction of 2

Example 14
A triacetyl cellulose film having a thickness
10 of 80 um (available from Fuji Photo Film Co., Ltd. under
the tradename, FJITACK CLEAR), the surfaces of which
were treated by saponification (in-plane retardation 6
nm) was used as a substrate film. Onto the substrate
film, there was applied an aqueous dispersion consisting
15 of a 3 : 7 mixture of a 5.0% aqueous dispersion of a
clay mineral, i.e., synthetic hectorite particles
(availabie from Laporte Co. under the tradename,
Laponite XLS) having a mean particle size of 35 nm and a
2.5% aqueous solution of polyvinylalcohol (available
20 from KURARAY CO., LTD.) having a degree of
polymerization of 300 and a degree of saponification of
98.5%, and then dried to produce a laminate film
comprising a triacetyl cellulose film having a
polyvinylalcohol-containing synthetic hectorite layer of
25 a thickness of 15 um.-
Usiné a 1% aqueous solution of

polyvinylalcohol (available from KURARAY CO., LTD.)



0.18 x 10[err] and the in-plane retardation of FilmA was 5 very low (5.5
nm as determ ned by neasurenent with a polarizing mcroscope). Furthernore,
a cast filmwas obtained fromthe pol ystyrene (avail able from SUM TOVOD
CHEM CAL CO., LTD. -under the tradenane, SUM BRI GHT E183) in the identical
10 procedure to that in Exanple 11. The st fil m was uni axi al l'y

suretched 1 produce puaniatialiorkented, by eleyngent Libmboying en

pol o 2100 ¢t GaoRe(ISLECACS! 2165 DoA™ Pheod ol ABKAL EiCdB o o0
Tl i 00 SEF 4,8 BT 8, PRSP RALISTRAF PR o
riacetyl “cell o oogythodd |0t opt Ayl aleoliolo oRGTALRS BIOHOCHER,

FilmA and tshe phaser £hl Mﬁ%f{h@ é{.&&&g}geggf#mg@r@ﬁm* | Ofhatriacetyl

cel lul ose fil m pol {vinyl -contalning s etic hectorife 25

| ayer/ pol yst yr eferfadad o hen SR e dicudieh by Siaborl spbavisieyigg vi th an
optical conpensator filmequipped on the word processor avai labl e from
FUJI TSU LTD. urglefiddl€an in-plane retardation of 6 nm was wet-laminated
onto the side of the polyvinylalcohol-containing
synthetic hectorite layer, and dried at 80°C for one
10 hour to obtain é phase retarder (Constitution: triacetyl
cellulose film/polyvinylalcohol-containing synthetic
hectorite layer/triacetyl cellulose film).
The polyvinylalcohol-containing synthetic
hectorite layer had a difference in refractive.index
15 between the direction in the plane and the thickness
direction of 0.18 x 10°! and the in-plane retardation of
the phase film was very low (an in-~plane retardation of
12 nm).
This phase film was interposed between the
20 upper polarizing film and the liquid crystal cell of a 3
inch thin film transistor TN liquid crystal color
television (available from Matsushita Electric
Industrial Co., Ltd. under tradename, PANACRYSTAL TR~
3LT1). The display exhibited less variation in contrast
25 with varying viewing angle and better viewing angle.

properties compared to the case without any phase

retarder laminated.



- 27 - 1 tradenane, OASYS 30LX-401 was nodified by renoving the optica

conpensator filmtherefrom Then, the phase retarder 1 was interposed

bet ween the upper polarizing filmand the liquid crystag
[

retarder 5 2 was interposed between the |ower polariz
liquid crystal cell with each trlacepﬁl ¢e||u|ose | ayer
n the side of the filmrenote from the lquid crystal cell. In this way,
=STN type LCD was nmade using as a conpensati ng phase ret q

Tonbi nati on (&f tI'P«Fs phase retarders having the | ayered ifjnor %ri:éﬁg
| ayer with the unlaX|aIIy oriented birefringent filns.

oS variatiqn in cont nash depeadsPePORRKL e AY 2NkFeARH 0000 view g

angl e 15 characteristic I'so-contras rves own In Figure 1, in

whi ch R | ndlielSaf & Wibdha’ 3her S:P”?ﬂﬁtiffewﬂ(@ﬁpiﬁe%éfﬁléé’é‘i&Crys“"'

di spl ay devi ce constructed 1n t sanme manner as in Exanple 13, except

20 that a phaged SrARHRS phamb.nﬂnaeeb@ 8 Per ef%ﬂaéw%@fré’@@lm prepar ed

froma thernoplastic resin having a positive birefringent anisotropy

(avail abl e froHeSUNINT M @HENkﬁébsCEireéE§bnunder the tradenane,
SUM KALI GHT) was used as Film1, and that a birefringent 25 film having an

i n-plane retardation ofy ﬂ:@%s@”k@&&?éé?daéé@faﬁnéhé‘éT@Iﬁﬁ&tlp Wiesddihaving a
positive birefringent anisotropy (available fromSUMT

the layered inorganic compound is clay mlneral.

3. A phase retarder according to Claim 2, wherein
the clay mineral has a mean particle size of 5000 nm or
less.

4. A phase retarder according to any preceding
claim, wherein the sheet or film contains an optically
transparent resin.

5. A phase retarder according to Claim 4, wherein
the optically transparent resin is a vinylalcohol polymer.
6. A phase retarder according to Claim 4 or 5,
wherein the layered inorganic compound and the optically
transparent resin are present in a ratio by volume of from
0.1 to 10.

7. A pha;g retarder according to Claim 1, 2 or

3, wherein the.iéyered inorganic compound sheet or film
is produced by swelling or dispersing in a solvent a
layered inorganic compound having a refractive index in
the plane thereof different from the refractive index in
tgé tﬁibkpess direction, applying the resultant gel or

' dispersion’;to a substrate, and drying. -_—
' e This Sheet Has Been Re

- LTI




-28- 1 CHEM.-CAL CO., LTD. under the tradenane, SUM KAL
Film-2. This liquid crystal display device was inferior
characteristics especially in the vertical direction vi
characteristics, to 5 those of the liquid crystal disp
~constructed in Exanple 13. Iso-contrast_cgrves are shown in Figure 2.
fExaane 14 A triacetyl cellul ose filnlhavi&g‘a t hi ckness 10 of 80 [err]
=(available fromFuji Photo Film Co., Ltd. under the tradename, FJI TACK
CCLEAR), the suBfaces of hhpoaseeretardert eacdyyrdiapprid idlaiinont ,(i5h-gd ane
retardation 6 nm was used as a substrate film Onto the substrate film
there was appl bedwherajnebe Higgeedi bmorgasictdampoltiid sheet3 or Zidinkt ur e
of a 5.0% aqueous dispersion of a clay mneral, i.e., synthetic hectorite
particles (availbBaBredpeed bypdixingoa laykred Haangeddisaw®mpioayshi te XLS)
having a mean particle size of 35 nmand a 2.5% aqueous sol ution of
polyvinyIaIcohgﬁv!agaﬁlé%ﬁ%aQBlV¢rkﬁﬁ@ﬁﬁyﬂvﬁhqxaLaﬂgTDﬁﬁﬂ%§ﬁ g £f edegutee of
pol yneri zation _of 300 and a degree of saponification of 98.5% and then
dried to produfEoB Ehfi Refeadtive chagry simdthe thhiigdkaegs ddireqtdsed findm

havi ng a pol yvi nyl al cohol -cont ai ning synthetic hectorite | ayer of
which has been swollén or dispersed in a solvent, with

THIS SMEEOHAS HERN
Wi N MEGPLACED

T
\ N I~ =

a solution of an optically transparent resin, applying
the resultant mixture to & substrate, and drying.

9. A liquid crystal display dévice, incorporating
a phase retarder according to any preceding claim as

an optical compensator.

This Sheet Has Been Replaced

LT

* c L M S *



25 a thickness of 15 [err].
pol yvi nyl al cohol
tradenane, Pova

(avai |l abl e from KURARAY CO. ,
117) .having a degree of polynerization of 1700 and a

LTD.)

degree of saponification of 98.5% as an adhesive, a-

f|In1haV|ng a thickness of 80 [err] (avallable from Fuji
under the tradename, FJITACK CLEAR),{the surfaces of which were
and having an in-plane retardation of 6 nm was

“Ltd.
streated by saponi fication,

swet -1 am nated onto the side of the polyvinylal cohol -

hectorite |ayer,
retarder (Constitution:
film pol yvinyl al cohol

cellulose film. The polyvinyl al cohol -
had a difference in refractive index
and the thickness direction of 0.18
of the phase filmwas very |ow (an {
phase filmwas interposed betweef

liquid crystal cell of a 3 inc

col or

LEFT

and dried at 80[er
triacetyl
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et Akdat i
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Usi ng a 1% aqueous sol ution of

- 29 - 1 under the

triacetyl cellulose
Photo Film5 Co.,

contai ning synthetic

Elengonﬁ 10 hour to obtain a phase

-containing synthetic hectorite layer/triacetyl
iR ng synthetic hectorite |ayer

1 etween the direction in the plane
erryssaqd the in-plane retardation
| -ll

ion of 12 nm. This
izing filmand the
TN liquid crystal
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tel evision (available from Matsushita Electric Industrial Co., Ltd. under
tradenanme, PANACRYSTAL TR- 3LT1). The display exhibited | ess variation in
contrast 25 with varying view ng angle and better view ng angle properties
conpared to the case wi thout any phase retarder |am nated. Substitute
sheet - 17 Cctober. 1997 -30 - W claim 1. A phase retarder conprising a
| ayered inorganic conpound- containing sheet or |ayered inorganic
conmpound-containing film said inorganic conpound being selected fromthe
group consisting of a clay mneral, a chal cogen conpound, a zirconium
phosphat e compound, an oxyacid salt of a transition netal, a |ayered
polysilicate, a netal oxyhal ogenide, an intercalary decoration thereof
intercalated with ions or nol eggeaabet veetusr ysseldsues | ayer units, said
i norgani ¢ conpound having a nean particle size ol b000 nmor |less and a
stratified structure with a plurality of crystalline |ayer units wherein
t he phase retarder has a refractive index in the plane of the phase
retarder that is different froma repPHASEI RETARDER in the thickness
direction of the phase retarder. 2. The phase retarder according to claim
1, wherein said inorganic conmpound to be used is a clay mneral. 3. A
phase retarder according to claim2, wherein said sheet

A phase retarder comprises a layered inorganic

compound sheet or film in which the refractive index
in the plane thereof differs from the refractive index
in the thickness. direction. Preferably the inorganic
compound is a clay mineral having a mean particle size
of 5,000 nm or 1less, and the sheet or film contains
an optically transparent resin, eg vinylalcohol polymer,
in an inorganic compound/resin ratio of 0.1 10.0.
The phase retarder can be used for improving the display

properties of various liquid crystal display devices.

(Figure 1)




m neral having a nean particle size of 5000 nmor |l es§ and zl/m 997
~refractive index in the pltane of the crystag Hng I%y P fs et
different froma refractive index in the thi ute;s |

crystalline layer units, and then applying, and drying. 4. A liquid
crystal display device conprising a phase retarder according to claim3 to
be used as an optical conpensator. 5. The phase retarder according to
claiml1, which further conprises an optically transparent resin. 6. The
phase retarder according to claimb5, wherein said sheet or said filmis _
produced by mi xing a |ayered inorganjg_ conpound having a nean particle size
of 5000 nmor |less and having a refractive index in the plane of the
crystalline layers that i.s different froma refractive index in the

thi ckness di r ecthénpseniteifivertiiah pAevidea PREEES, raFdir compeikaNgr ed

I norgani ¢ conpound Ls swollen or dispersed in.a.solvent, wth sol uti on of
the opticaPy BYShEPar BMEFEEC, 8?‘3%%‘? '(f%aﬁflbﬂ%ce&éeéd:i s;?é"rsi‘a"sx,erﬁ d then
appl yi ng addotdganhg. compSubdtcontainimgetfilnl,7 Saidbénordg@lic - 8pmpdund The
phase ret--abgﬁhgageﬂéétaa £ fork | deNgkouph @bk s S dY g;aaygryniggpawdaand

.said opti cal X transparent resin,are present. L1nthe ratio \ ume, of 0.1

Lo 10. 8  Chalghgen PomeguRd. AcZLFOPRIT PHOSREALS, CORRAWI, & @AURELE
salt of a transition metal, a layered polysilicate, a metal
oxyhalogenide, an intercalary decoration thereof intercalated

.§ with ions or molecules between crystalline layer units, said
inorganic compound having a mean particle size of 5000 nm or
less and a stratified structure with a plurality of crystalline -
layef units wherein the phase retarder has a refractive index in
the plane of the phase retarder that is different from a
refractive index in the thickness direction of the phase
retarder. - '

of’ sai'd filmis produced by swelling or di spersing in|laMER ENT@H 4

FR,

_ ﬁRIEF DESCRIPTION OF THE DRAWINGS -
Figure 1 is a chart showing iso-contrast cyrves

representing the viewing angle characteristics of the FIN type

LCD using the phase retarders of Examples according to the

present invention. o _
5 . Figure 2 is a chart @ showing iso-contrast curves
' representing the viewing angle characteristics of the liquid-

crystal display device using the conventional phase retarders.

DESCRIPTION OF THE PREFERRED EMBODIMENTS _
The layeied inorganic compounds to be used in the present
invention are such that they have a stratified structuré with a
plurality of crystalline layer units being stacked on ome
another and can be intercalated with ions or molecules, which
are introduced between the crystalline layer units, by various
physical or chemical procedures without destroying the structure
of the crystalline layer unit because of the relatively weak
bonding strength between the crystalline layer units; and that
they have such refractive index properties that the refractive



or"said filmis produced by nixing a |ayered inorganic conpound having a
mean particle size of 5000 nmor |ess and having a refractive index in the
pl ane of the crystalline layer units that is different froma refractive
i ndex in the thickness direction of the cr ysﬁ&bﬁt'%ﬂ%t unl Ostoben ©897

conmpound has been swollen or dispersed in a solvent, solution_of an

optically transparent resin dissolved to produce a d| PtAC E@ﬁ%ﬂ%ﬁn .
appl ying, and drying. 9. The phase retarder accordi I(\[;“ttyo CFM efflei n
said agptically transparent resin to be used is a viny %&OJ‘O‘ a@Tm 30.
A phase retarder according to claim9, wherein said s 1_ills

produced by mixing a | ayered inorgani c estpound having a nean particle size
of 5000 nmor |less and having a refractive index in the plane of the
crystalline layer units that is different froma refractive index in the

t hi eckness di ré‘&.tﬂﬂm_the crystalline layer units, which conpound has been

suoll en or 1 =peroag el sabieals Sokl}a:58 4L A ela IS RN LoLepheley.
11. The phase ¢cmt@rm@éngael¢eﬁtd|onrg1¢nemchulm;ganﬁaermmpmddcgneeunmgsﬁmn
filmis producshd¥nsvghhidtortbodhd K iTigNGel Bctted HréfNthe W %insﬂgéﬂ?g?' c
conmpound havin an rtlcie SI%% of "5000 nm or | ess ,and J'aV| nlq hate
refractive i no"% % rm“t e "BRERR 0f2 (TR IGPIERA FPTRAUR Gy & ZHFCPBLERPRPSP
di fferent frormempaindctiyecokyriedd | salteofhiackiansidtiirecmetalef a hkayered
crystalline | aptﬂ.&rs:ﬂllﬂc%teang héHedn Qﬁﬁ)h&'l&%enﬁ&é My i fitertdlafy! 888 Fation
chE;zﬂ dISplégﬁefg%Ecghterc Igt%hngléh 1ons or molecules between crystalline
layer units, said inorganic compound having a mean particle size-
of 5000 nm or less and a stratified structure with a plurality
of crystalline layer units wherein the phase retarder has a
refractive index in the plane of the phase retarder that is
different from a refractive index in the thickness direction of
the phase retarder. '
S 2. The phase retarder according to claim 1, wherein said
inorganic compound to be used is a clay mineral.
3. A phase retarder according to claim 2, wherein said sheet
or said film is produced by swelling or dispersing in a solvent
the clay mineral having a mean partlcle size of 5000 nm or less
~ and having a refractive index in the plane of the crystalline
layer units that is different from a refractive index in the
thickness direction of the crystalline layer units, and then
applying, and dxying.
4. A liquid crystal display device comprising a phase retarder
- according to claim 3 to be used as an optical compensator.
5. The phase retarder according to claim 1, which further
comprises an optically transparent resin.
6. The phase retarder according to claim 5, wherein said sheet
or said film is produced by mixing a layered inorganic compound

" having a mean particle size of 5000 nm or less and having a
refractive index in the plane of the crystalline layers that is
different from a refractive index in the thickness direction of
the crystalline layer units, wherein said layered inorganic
compound is swollen or dispersed in a solvent, with a solution
of the optically transparent resin dissolved to produce a

dispersion, and then applying and drying.
-
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refarder according to claimi1, to be used as an optical conpensator. 13. A
phase retarder conprising a | ayered inorgani c conpound, said inorganic
conmpound being sel ected fromthe group consisting -32 - of a clay

m neral, a chal cogen conpound, a zirconi um pSubgtitate sbeﬁpedﬂdOctaberokgall d
salt of a transition netal, a |layered polysilicate, a ppetai—cuhalegenids
and an intercal ary decoratlon t hereof intercal ated mﬁt\REzDQCEMENbBGEENea
bet ween erystalline layer units, said inorgani c conpouind hayi n
particle size of 5000 nmor less and a stratified str V'D?ﬁ?a%!ﬁ ..... J
plurality of crystalline layer units and having a refrr"—-vﬂ—*"r; —THTe
pl ane of the crystalline layer units thailis different froma refractive
index in the thickness direction of the crystalline |ayer units, wherein
the phase retarder has a refractive index in the plane of the phase
retarder that s diTheerehase reetardess raeeondinondex thaimelt hiwheredn said

di rection of i faase rdﬁ%"o@ﬁa ad s skt addat) O&aﬂ&pfa%nel iaf 2% nm

I norgani c
conpound 1 s a RAKPAratE: FAF Taets BioAlunB PE bt S alral ng to ol ai m 14
produced by stII|ﬁgpbﬁsélSp@#@d&ﬁ;aQ¢OadsBQVEQtCIamm<ﬂ.awhenéﬁnraﬁidwaheq; a
mean particl e o¢ gaiaf f5ﬂ@&§1@k8&ué&§%yaﬂﬂxlﬂﬁé‘ | DO Byl EﬁBké_ﬁni@d@&nﬁdﬁrﬁm
plane-of the chraXrS't A la'._nt%eal.r?ypeatrtbirgltes stlge olfS 5000 nm or less and having a
refractive index in the plane of the crystalline layer units
that is different from a refractive index in the thickness
e direction of the crystalline layer units, which compound has
" been swollen or dispersed in a solvent, with a solution of an
optically transparent resin dissolved to produce a dispersion,
and then applying, and drying.
9. The phase retarder according to c¢laim 7, wherein said

optically transparent resin to be used is a vinylalcohol
" polymer.
10. A phase retarder according to claim 9, wherein said sheet
or said film is produced by mixing a layered inorganic compound
having a mean particle size of 5000 nm or less and having a
refractive index in the plane of the crystalline layer units
that is different from a refractive index in the thickness
.direction of the cryétalline layer units, which compound has
\E% been swollen or dispersed in a solvent, with a solution of the
vinylalcohol polymer dissolved to produce a dispersion, and then
applying,-and drying. _
11. The phase retarder according to claim 1, wherein said sheet
or said film is produced by sweiling or dispersing in a solvent
a layered inorganic compound having a mean particle size of 5000
nm or less and having a refractive index in the plane of the
crystalline layer units that is different from a refractive
index in the thickness direction of the crystalline layer units,
and then applying, and drying.
12. A 1liquid crystal display device, comprising a phase
retarder according to claim 1, to be used as an optical
compensator.
13. A phase retarder comprising a layered inorganic compound,
said inorganic compound being selected from the group consisting-
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diffefent froma refractive index in the thickness direction of the
crystalline layer units, and then applying, and drying. 16. A phase
retarder according to cIa|n113 whi ch further conprises an optical

transparent resin. 17. A phase retarder accohsiguteosheetini Z@Cmfé|997sa| d

I norgani ¢ conpound and said optically transparent resin is present _in a

rati o by vpl ume pf 0.1 to 10. 18. A phfase. ret arder ac %&ggwrﬁ%l A

wherein said optically transparent resin is a vinylal
phase retarder according to claim 16, produced by m x Qﬁ#?ﬁ' xnﬂé

i norgani ¢ conpound having a nmean particle size of 500 Ireey” anH
having a refractive index in the plane-dﬂ-the crystalline layer units that
is different froma refractive index in the thickness direction of the

crystalline layer units, K which conBound has been swollen or dispersed in a
sol vent, withO% 3oF&RYoRLRETalhe 30FNREGPISH (GUMRAVRCene FEEFORINE SNasPhats

- 33- produce &odlp&ﬂﬁasl @n @ftdidensadgplog ng tlaenseswﬁlmetdlspar S=yeread
g o opelyBlateat el &g imd0" Aol 8oCh ALY 1 Tand! AlCSth b i 00 2
ayered |nor ni ound havin e Size g hm of

and having a ﬂéfzpaéﬁt% thersof ﬁ-nf:ﬁﬁcblﬁﬁ'ﬂdd'fltt%é%ﬁygFamq’l?@l%ﬁ/é?eWFs
that is diffecepsthldihe Iffemainive, i 88bd idvddanichicetpesnd thawird @ mehnt he

crystalline | guetsdik tdvs el Cboc TOBR1 045 3P0 SUEL o sPLaRELASYstY 2
a plurality of crystalline layer units and having a refractive
. index in the plané of the crystalline layer units that is
" different from a refractive index in the thickness direction of
the crystalline layer units, wherein the phase retarder has a
refractive index in the plane of the phase retarder that is
different from a refractive index in the thickness direction of
the phase retarder and has a retardation in the plane of 50 mm
or less.
" 14. A phase retarder according to claim 13, wherein said
inorganic compound is a clay material.
15. A phase retarder according to claim 14, produced by
swelling or dispersing in a solvent the claim mineral having a
mean particle size of 5000 nm or less and having a refractive
* index in the plane of the crystalline layer units that is
different from a refractive index in the thickness direction of
the crystalline layer units, and then applying, and drying.
16. A phase retarder according to claim 13, which further
comprises an optically transparent resin.
17. A phase retarder according to claim 16, wherein said
inorganic compound and said optically transparent resin is
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present in a ratio by volume of 0.1 to 10.

18. A phase retarder according to claim 17, wherein said

optically transparent resin is a vinylalcohol polymer.

19. A phase retarder according to claim 16, produced by mixing

a layered inorganic compound having a mean particle size of 5000

nm or less and having a refractive index in the plane of the

crystalline layer units that is different from a refractive

index in the thickness direction of the crystalline layer units,

which compound has been swollen or dispersed in a solvent, with
~a solution of the optically transparent resin dissolved to
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a sol ution of theeoptically transparent resin dissolved to produce a

di spersion and then applying the resultlng di spersion and drying it. 21. A
hase retarder according to claim 18, produ a

!Onor gani ¢ conmpound having a mean particle sf@g’sgﬁ gg)g}@e%m 6]7%%@2’35{11@97
having a refractive index in the plane of the crystal | ayer units that
is different froma refractive index different in the pasCRIT GFFeet=0n
of the crystalline layer units, which conpound has bg i :
di spersed in a solvent, with a solution of the vinyl gl : )
di ssol ved to produce a dispersion, and then applylngL_---“-,---n- .........

di spersion and drying it. 22. A phase réar der according to C

produced by swelling or dispersing in a solvent the |ayered |norgan|c
5000.nm or, | ess apd, havj ng

Ferractive i riESSIEE ohRBPEHE B ehE Shor ARPVIES | A Sar 40 1etegsion
different froand deyingtitee i ndex in the thickness direction of the
crystalline |ayer Arpidse 20atddh aBBLILAY ¢145i% 19, produced by mixing
a layered inorganic compound having a mean particle size of 5000
nm or less and having a refractive index in the plane of the
crystalline layer units that is different from a refractive
index in the thickness direction of the crystalline layer units,
which compound has been swollen or dispersed in a solvent, with
a solution of the optically transparent resin dissolved to
produce a dispersion and then applying the resulting dispersion
and drying it. : _
21. A phase retarder according to claim 18, produced by mixing
a layered inorganic compound having a mean particle size of 5000
nm or less and having a refractive index in the plane of the
crystalline layer units that is different from a refractive
index different in the thickness direction of the crystalline
layer units, which compound has been swollen or dispersed in a
solvent, with a solution of the vinylalcohol polymer dissolved
to produce a dispersion, and then applying the resulting
" dispersion and drying it.
.22. A phase retarder according to claim 13, produced by
Brg - swelling or dispersing in a solvent the layered inorganic
compound having a mean particle size of 5000 nm or less and
having a refractive index in the plane of the crystalline layer
.» units that is different from a refractive index in the thickness
direction of the crystalline layer units, and then applying and

drying.
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