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1 ‘ . PHASE RETARDER FI LM BACKGROUND OF THE | Nvglggg%m
Field of the Invention The present invention relates to a pha e
retarder film for inproving view ng angle characteristics of |iquid

crystal displays. Description of Related Art The liquid crystal

di splay (hereinafter, referred to as LCD) nost widely used at present is a
twisted nematic LCD (hereinaftér, referred to as TN-LCD) of normally white
(hereinafter, referred to as NW node in which a liquid crystal cell such
that nematic liquid crystal isPEﬁ\lsg: W %.%r of glass substrates
havi ng transparent el ectrodes i anaWw & en a pair of linearly
polarizing filnms disposed so that the absorption axes thereof are

per pendi cul ar to each other. The nematic liquid crystal has an orientation

structure such,t Ical -axis s . normal to the glass substrates and
the tw st ang%@c{}%@g@ i%? &%pﬁgygﬁgképy 90 degr ees. When no vol t age
is applied, the de. TN- L Is in_white state since the incident

|l i nearly pol ari.z%%\é{'rgg‘ﬁ%g @?%V%ﬁqﬁn bei ng rotated 90 degrees because of

t he opti cal

rotat Or’ﬁﬁe present invention relates to a phase retarder film
for improving viewing angle characteristics of liquid crystal
displays.
Description of Related Art

The liquid crystal display (hereinafter, referred to
as LCD) most widely used at present is a twisted nematic¢ LECD
(hereinafter, referred to as Tﬁ-LCD) of normally white
(hereinafter, referred to as NW) mode in which a liquid
crystal cell such that nematic liquid crystal is held between
a pair of glass substrates having transparent electrodes is
sandwiched between a pa.ir of linearly polarizing films
disposed so that the absorption axes thereof are |
perpendicular to each other. The nematic liquid crystal has
an orientation structure such that the helical axis is normal
to the glass substrates and the twist angle thereof is .
approximately 90 degrees.

When no voltage is applied, the NW mode TN-LCD is in
white state since the incident linearly polarized light exits
after being rotated 90 degrees because of the optical rotatory
power of the liquid crystal cell. When a voltage is applied,

the NW mode TN-LCD is in black.state since the liquid crystal



power of the liquid crystal cell. Wen a voltage is applied, the NWnode
- INLCD isin black state since the liquid crystal
2 nol ecul es stand up with respect to the glass substrates to cause the

optical rotatory power to disappear and fhe incident linearly polarized
light exits as it is. Gay scale is perfornmed by using the white state,
the black state and internediaté states therebetween. However, the
nematic liquid crystal used for the LCD has a rod |ike nolecular structure
and exhibits positive refractive index anisotropy where the refractive
index is highBplprulpe staediupivikh esPesteéal gﬁeaﬂ%w hePsErates %or mal
direction to the nolecular axis, so that the polarization condition of

| i ght obl i quel gapassitopPhierypotaferyinprear £¢ @dsabpear andthesingident
different direction from the direction of the normal to the liquid crystal
cel | because éingaphispodprisedntighiticexbtshasritrigti aranhdicelsniisot ropy
of the liquid crystal. For this reason, when the display on the LCDis

vi ewed from angeefosmRer byhufingetherwaitei sbateontheobinek strtei aniing
angl e characteristics are shown such that the contrast decreases and that
gray scal e i nvéntpsnedirés sppbesd. therebegyeer.the viewing angl e

characteristics are_caused by . o
However, the nematic liquid crystal used for the LCD

has a rod like molecular structure and exhibits positive
refractive index anisotropf where the refractive index is
higher in the direction of the molecular axis than in thg
normal direction to the mblecular axis, so that the
polarization condition of light obliquely rassing through
the liquid crystal cell varies in a different direction from
the direction of the normal to the liquid crystal cell because
of a phase difference due to the refractive index anisotropy
of the liquid crystal. for this reason, when the display on
the LCD is viewed from angles other than the normal direction
to the LCD, viewing angle characteristics are shown such that
the contrast decreases and that gray scale inversion takes
place.

| Since the viewing angle characteristics are caused by
the refractive index anisotropy of the liquid_crygtal
molecules, aﬁ iaprovemeﬁt is being examined using a phase
retarder film exhibiting a refractive index anisotropy
opposite to that of the liquid crystal to compensate the phase

difference due to the refractive index anisotropy of the



the refractive index anisotropy of the liquid crystal nolecules, an
i nprovenment is being exam ned using a phase retarder filmexhibiting a
refractive index anisotropy opposite to that of the liquid crystal to
conpensate the phase difference due to_the refractive index anisotropy of
t he ' l'iquid crystal mol ecul eS. In inproving the view ng
angl e.characteristics, significant effects are obtained by inproving the
viewing angle characteristics in black state, nanely in voltage applied
state. In voltage applied state, liquid crystal nolecules are oriented in
a direction nddduidhemustdilcmodeculesthe gl ass substrates. Regarding the
liquid crystal cell in this state as a positive refractive index
ani sotropi ¢ subst dfcdmprovigg theoplewing anglet ghapecharigitiesti on to
the gl ass substrates, Japanese Laid-open Patent Publications No. 2-015239
and 3-103823 diigmlidicant efdegtshase cbtaided byi imphaving the vpewingxis
in the normal direction to the filmand having negative refractive index
ani sot ropy as anglshahenessterdstics| dinf blackmséasat i ngnehy posivoiltege
refractive index anisotropy of the liquid crystal cell. Mor eover, in
t he actual LCRpplieguistateist ih wolbage eapplhedhetatei nliqubd ¢chesthhss
substrates remain tilted even

molecules are oriented in a direction nearly perpendicular

to the glass substrates:. Regarding the liquid crystal cell

in this state as & positive refractive index anisotropic

substance having its optic axis in the normal direction to

the glass substrates, Japanese Laid-open Patent Publications

No. 2-015239 and 3-103823 disclose to use a phase retarder

film having its optic axis in the normal direction to the

film and having negative refractive index anisotropy as a

‘phase retarder film for compensating the positive refractive

index anisotropy of the liquid crystal cell.

Moreover, in the actual LCDs, liquid crystal molecules

in the vicinity of the glass substrates remain tilted even -

in voltage applied state because of the restraint force of

the orientation layers on the substrates. In view of this

fact, Japanese Laid-open Patent Publications No. 63-239421

and 6-214116 describe to use a phase retarder film having

its optic axis tilted from the normal direction to the film

and having hegative refractive index anisotropy.

Further, Japanese Laid-open Patent Publications No.

5-080323 and 7-306406 and WO0S6/10773 describe that the



in voltage applied state because of the restraint force of the orientation
| ayers on the substrates. In view of this fact, Japanese Lai d-open Patent
Publ i cati ons No. 63-239421 and 6-214116 describe to use a phase retarder
filmhaving its optic axis tilted fromthe normal direction to the film

and havi ng negative refractive index ani%otropy. Further, Japanese
Lai d- open Patent Publications No: 5-080323 and 7-306406 and W6/ 10773
descri be that the vi ewi ng angl e characteristics can be

i mprovedbyusi ngaphase retarder plate having its optic axis tilted fromthe
normal  di r ect VéRwing@mgle ¢haraciruist ies cag hebnproved byius img amifasst i ve
I ndex anisotropy as the liquid crystal has. Recently, the TN-LCD has
been put to varébasdeseplatehavingpéksorpticamia dridtesbfrbmtithe ricrmal
strongly demanded that the TN-LCD have greater size, higher definition,

wi der  vi ewi ngdangetion ght tihe wei it abivitonginehavisg . the samdheosisei vé t he

phase retarder filmhaving its optic axis in the normal direction to the

filmand havi ngefiegative indéxaznisetiopgxaantisetlbgyidoesysioal dhagys show .

sufficient effect of the view ng angle characteristic inprovenent.

In the case of the Beeentlyhehphd¥eLC hadeveén Ipnthavi mgrious uses such
.as personal computers, sc that it is strongly demanded that
the TN-LCD have greater size, higher definition, wider
viewing angle, lighter weight and lower cost.

The use of the phase retarder film having its optic axis
in the normal direction to the film and having negative
refractive index anisotropy does not always show sufficient
effect of the viewing angle characteristic improvement.

In the case of the use of the phase retarder film having
its optic axis tilted from the normal direction to the film
and having negative refractive index anisotropy, a
satisfactory effect of the viewing angle characteristics
improvement is obtained. However, according to a method in
which the phase retarder film is cut from a polymer block
oriented to exhibit negative refractive index anisotropy so
that its optic axis is tilted from the normal direction to
the film as disclosed in Japanese Laid-open Patent
Publication No. 63-239421, it is difficult to efficiently-
obtain an uniferm and large size phase retarder film , arnd

according to amethodusing adiscotic liquidcrystal compound

as disclosed in Japanese Laid-open Patent Publication No.



its optic axis tilted fromthe normal direction to the film and having
negative refractive index anisotropy, a satisfactory effect of the view ng
angl e characteristics inprovenent is obtained. However, according to a
met hod in which the phase retarder filmis cut froma polymer block
oriented to exhibit negative refractive Pndex anisotropy so that its optic
axis is tilted fromthe normal drrection to the filmas disclosed in
Japanese Lai d-open Patent Publication No. 63-239421, it is difficult to
efficiently obtain an uniformand |arge size phase retarder film, and
according to atndlAddbusihgia difficult| tquprodugst bthe chihpgeidderastal
di scl osed in Japanese Lai d-open Patent Publication No.
6-214116, it isoupbhihduandt topunifermineorient dtbeydighidconystall. arfth t o
uniformy orient the liquid crystal. In addition, this nethod is
di sadvant ageousddhtiost . this metimod hks cdtsadvanhagesesoinacpdtise ret ar der
filmhaving its optic axis tilted fromthe nornmal direction to the film
and havi ng positiveInethaaase oifntiee ase suf reopirasal redagier af sht irsfvaaior y
effect of the viewi ng angle characteristics inprovenent is obtained,
according to aibstdpdicraxits chlitked fpbasthe etcamidr dileatisnctd fhenidm
pol ynmer bl ock oriented to have positive refractive index anisotropy so
that its opticand having positive refractive index anisotropy, although
a satisfactory effect of the viewing angle characteristics
improvement is obtained, according to a method in which the
phase retarder film is cut from a polymer block oriented to
have positive refractive index anisotropy so that its optic
axis is tilted frbm the normal direction to the film as
disclosed in Japanese Laid-open Patent Publication No.
5-080323, it is difficult to efficiently obtain an uniform
and large size phase retarder film . Moreover, éccording to
a method in which the phase retarder plate is formed by
obliquely evaporating an inorganic dielectric onto the glass
substrates as described in Applied Optics Vol. 28 (1989),
Pp. 2466-2482 disclosed in United State patent No.5,504, 603
and a method in which the phase retarder plate is formed by
obliquely evaporating Ta303 onto the glass substrates as
disclosed in WO96/10773, although a phase retarder plate can
be obtained having its optic axis tilted from the normal
direction to the plate anthaving'positive refractive index
anisotropy, since these methods use glass substrates, only

a phase retarder plate can be obtained that is heavy inweight,



axis is tilted fromthe normal direction to the filmas disclosed in
Japanese Lai d-open Patent Publication No. 5-080323, it is difficult to
efficiently obtain an uniform and |arge size phase retarder film.
Moreover, according to a nethod in which the phase retarder plate is
formed by obliquely evaporating an inor@anic dielectric onto the glass
substrates as described in Applied Optics Vol. 28 (1989), pp. 2466-2482
disclosed in United State patent No.5, 504, 603 and a nmethod in which the
phase retarder plate is formed by obliquely evaporating Ta[err]Jerr] onto
t he gl ass subsflrakes fdexibiddktygseddi hs\WOAGLLOFF¥3inahabsughodupbasetyet ar der
pl ate can be obtained having its optic axis tilted fromthe nornal
direction to the pl @hesanfolathagphasétreearéér afiimeusedefor M viaRy,
since these nethods use gl ass substrates, only a phase retarder plate can
be obt ai ned t hatiewinhgemwyle chaeagheristics of the TN-LCD, no film has been 6
| acks flexibility and is inferior in mass productivity. Thus, for the
phase ret ar der £bahh tiszt meert si tips demagdsvo WHRImMARREE ICRARRTIRY hotidisl pf
the TN-LCD, no filmhas been found that neets the demands of the market
i ncl udi ng not dmpyoviingr blre mgi éwingy a1y chagke tefdsadter bati £5sd Wt S0
ot her performance.

" .performance.

Hh

In view of these ¢ircumstances, the inventors have

developed a phase retarder film having a large area, being
lightweight and being excellent inmass productivity inwhich
the principal optic axis ié tilted from the normal directién

to the film by providing an oblique evaporation layer of an

I*h
n

inorganic dielectric on at least one surface o transparent
polymer film with an intermediate layer of acrylic resin and

the like between, so that the present invention has completed.

SUMMARY OF THE INVENTION

An object of present invention is. to provide a phase
retarder film which is suitable for improving viewing angle
characteristics of the TN-LCD, and is easily and
inexpensively obtained in large size.

The present invention is a phase retarder film in which
at least one oblique evaporation layer of an inorganic
dielectric having positiﬁe refractive index anisotropy and
-hgving its principal optic axis tilted 20 degrees to 70

degrees from the normal direction to the film is formed on



In view of these circunstances, the inventors have devel oped a phase
retarder filmhaving a |arge area, being |ightweight and bei ng excell ent
in.mass productivity in which the principal optic axis i.s tilted fromthe
normal” direction to the film by providépg an oblique evaporation | ayer of
an inorganic dielectric on at |east ond surface of a transparent polyner
filmwth an internediate | ayer 'of acrylic resin and the |ike between, so
that the present invention has conpl et ed. SUMVARY OF THE | NVENTI ON

An object of present invention is to provide a phase_  retarder filmwhich
is suitable f@t iepsévPRg shefrer ahd &raaspegendr PolymerofiiRewitp @D, and
is easily and  inexpensively obtained in |arge size. The present

i nvention is dn¥esdedigtsr dayveri betWaeRhi ch at | east one oblique
evaporation |ayer of an inorganic dielectric having positive refractive

I ndex ani sotropy and having its principal optic axis tilted 20 degrees to
70 degrees fromthe normal direction to the filmis fornmed on

7 at | east one surface of a transparent polynmer filmwth an

i nternmedi ate | ayer between.
DETAILED DESCRIPTION OF THE INVENTION

. As theé transparent polymer film used in the present
invention, alfhough not specifically limited as long as being
excellent in transpgrency and being uniform, a film formed
of a thermoplastic polymer is preferably used because the
thermoplastic polymer is éasily made intc films.

Examples of the thermoplastic polymer include cellulose
polymers, polycarbonate polymers, polyarylate polymers,
polyester polymers, acrylic polymeis, polyéulfone and
polyether sulfone.

Whilepolysulfoneaﬁdpclyethersulfonebeingexcellgnt
in heat resistance are advantageous for évaporation}
cellulose polymers and polycarbonate polymers from which
films being inexpensive and uniform are obtained are also
preferably used.

When a transparent polymer film having a low in-plane
retardaticn value is suitable, cellulcse polymer films and
acrylic polymer films whose intrinsic birefringence is low
are particularly prefe‘rabiy used. When a retardation value
of several tens of nm is necessary, polycarbonate polymer

films, polyester polymer films, polysulfone film and



DETAI LED DESCRI PTI ON OF THE | NVENTI ON As the transparent polymer film
used in the present " invention, although not specifically limted as |ong
as being excellent in transparency and being uniform a filmformed of a
t hernopl astic polynmer is preferably used_because the thernoplastic pol yner
is easily nmade into fil ms. Exanple§ of the thernoplastic polyner
I nclude cel lul ose polyners, pol ycarbonate polyners, polyarylate polyners,
pol yester polyners, acrylic polynmers, polysulfone and polyether sulfone.
Whi | e pol ysul fone and pol yet her sul fone being_excellent_ in heat resistance
are advant ageoRelyethevapbiianefilmsdiasg 6561 Hps §aerisedid nasnreat d didihe
polymers fromwhich filns being inexpensive and uniform are obtained are
al so preferabpyeypsgferably waed.a transparent polymer filmhaving a | ow
in-plane retardation value is suitable, cellulose polyner filnms and
acrylic polyner filHsemphaBeobhiguasevapprafipngbarerial|any ingrganic
particularly preferably used. Wien a retardation value of several tens of
nmis necessarflieperfearbbdfapsopbfigdeen 2 captipeeyesibimporshiilese ns,
pol ysul fone film and : 8

triacetate films and volyether sulfone films are preferably

aused in which the film deformation is small caused by the

radiant heat at the time of evaporaticn and the stress due

to the film transportation.

While as methods for forming the transparent polymer
film, the solvent casting method and the precision extrusién
method with which the residual stress of the film is small
may be used, the solvent casting method is preferably used
in view of the uniformity of the formed films. For forming
a film whose in-plane retardation value is low, the solvent
casting méthod is particularly preferable.

Although the film thus obtained, particularly, the film
formed by the solvent casting method, show the very low
in-plane retardation value, the refractive index (ng) in the,
thickness direction of the film is lower than the average
in-plane refractive index (np) because of the in-plane
orientation of the polymer at the time of film formation.
For this reason, the transparent polymer f£ilm has a

retardation value (R'=(n§#nt)Xd, where d is the thickness

tre film because

Hh

of the film) in the thickness direction ¢

of the birefringence in the thickness direction of the film,



pol yet her sulfone filmwhose intrinsicbirefringence is high are preferably
used. - \WWen an oblique evaporation |ayer of an inorganic dielectric
i's provided on a continuous film_ cellulose triacetate filns and pol yether
sulfone filnms are preferably wused in which the filmdeformation is snall
caused by the radiant heat at the time 8f evaporation and the stress due

to the filmtransportation. - Wiile as nethods for formng the
transparent polymer film the solvent casting nethod and the precision
extrusion nethod with which the residual stress of the filmis small. my

be used, the ssbvematcelsei tgamspament Pokater abilm gaay be nsgdnady oy
uniformty of the frorned filnms. For formng a filmwhose in-plane
retardation vahgeaimerevbasbefibhvEor evaporagiomtiel akspazs iz phase
preferable. Al though the filmthus obtained, particularly, the film
formed by the setzedercaslmnpawindoilts stphic haxierin| the neaplwurormal
retardation value, the refractive index (n[err]) in the thickness
direction of tderécthonhstdoses fillamandehavénggeegdhipe arsfradling ilrslexndex
(np) because of the in-plane orientation of the polyner at the tine of
filmformationanifkotrbbivwiriedsHin,m th&aaaansmw‘@nmagmoy‘m T ghlimargerd c
retardation value (R =(n[err]-n[err]) Xd, where d is the thickness of the
film in the tdiekeesgidi Lagér caradrdirey ftiol thebgcaaset bivenkion hefvingence
in the thickness direction of the film
positive refractive index anisotropy and having its
principal optic ax1s tilted from the normal direction to the
film. R' of the transparent polymgr film is in the range of
approximately 0 nm to 250 nm.

When R' of the transparent poclymer film is insufficient
with respect to a predetermined value, the value of R' may
be adjusted by forming a layer including an layered inorganic '
compound described in United State patent No.5,430,566 on
the transparent polymer film.

The transparent nolymer filmmay be used as z uniaxially
oriented film having an in-plane retardation value. In this
case, the transparent polymer filmmay be formed by stretching
a film formed by the solvent casting method or the precision
extrusion method by use of the known stretching method such
as stretching between rolls, tentering and the like. When
the transparent polymer film is used as the uniaxially
oriented film, the in—plahe retardation value is normally

set in the range of 100 nm or lower.

It should be noted that the uniaxial orientation in t:he.



9 so that the transparent polymer filmmay be used not only as a mere
.base filmfor evaporation but also as a phase retarder filmhaving its
optic axis in the nearly normal direction to the film and having negative
refractive index anisotropy which film_is used in conbi-nation with an
inorganic dielectric |ayer according to'Qhe present invention having
positive refractive index anisotropy and having its principal optic axis
tilted fromthe normal direction to the film R err] of the transparent
polymer filmis in the range of approximately O nmto 250 nm When
R of the tranPygsent povegntiohi incivdeasndfi onkpt complateesptakisd a
predeterm ned val ue, the value of Rlerr] my be adjusted by formng a
| ayer incl udi ngraentagéradbithoadani € cennpin nekiersc rbimextiah dinddrerktStaat e
pat ent No. 5,430,566 on. the transparent polynmer film The transparet
pol ymer fil m mhpvidagusadiaspianai agtakrgtioniealed.fil m having an in-pl ane
retardation value. In this case, the transparent polyner fil mmaybe
f or medby stret chi ngAlahbigin hotnegebyfibelsyl Vimitedst thg tRibRAe9s dhe
precision extrusion nethod by use of the known stretching nmethod such as
stretchi ng bet tbeser skbksspeeaner baymed £himsi ke. nd¥weallyheetrapspar ent
polymer filmis used as the uniaxially oriented film the in-plane
retardation vabpprbzinarefll $0 gek t& $d@ range of 100 nmor | ower.
In the present invention, in order for the oblique
evaporation layer c;’ an inorganic dielectric tc come tc have
a predetermined retardation value necessary for using the
film as the phase retarder film in forming the obliqﬁe'
evaporation layer of an inorganic dielectric on at least one
surface of the transparent polymer fiim, the film is
considerably great in thickness ‘compared with ordinal
evaporation film like an anti-reflection Ffilm formed by a .
multilayer evaporation of a dielectric. Therefore, the
intermediate layer is provided for improving the adhesion
property to prevent the evaporation layer from cracking.
Examples of the intermediate layer used in the present
invention include polymer £ilims formed of zcrylic resin,
urethane resin, silicon resin, cardo resin and polysilazane.
These polymer films are formed in a manner such that
a polymerized material is dissolved in a solvent and applied
to a transparent polymer filmor that a composition including
a2 polymerization initiator and a monomer and/cr an cligomer

is applied to a transparent polymer film and polymerized by



It should be noted that the uniaxial orientation in the

10 present invention includes not only conplete uniaxial orientation
but also a certain extent biaxial orientation having an in-plane
retardation val ue. Al t hough not specifically limted, the thickness
of these transparent polynmer filnms is ﬂ&rnally set at approximtely 50
[err] mto 500 [err] m In“the present intention, in order for the
oblique evaporation |ayer of an inorganic dielectric to come to have a
predet erm ned retardation value necessary for using the filmas the phase
retarder film vAtravioAgtt Gurebbrgbbermoagbtingon | ayer of an inorganic
dielectric on at |least one surface of the transparent polyner film the
filmis considerabMpregmeihodn fohi skpéysngohbear edmposhtdodi bhal thevapor ati on
filmlike an anti-reflection filmfornmed by a nultilayer evaporation of a
di el ectric. Th&rehsperenfepolyner fidmaie naly epeicd ficalilgetihbted ppkmosvng

t he adhesion property to prevent the evaporation |ayer from cracking.
Exanpl es of t h@eithodsnmaly decus ey suchses dommizheopt Esgme thod,edt earod hidgide
polymer films fornmed of acrylic resin, urethane resin, silicon resin,
cardo resin antepbicdsidiwegtegravire coating method and bar ccatingmethod.

For the celluliose pclymer film and the polycarbonate
pblymer film and the polyester polymer £ilm, ultraviolet
curingacrylicresiqsarepreferablyused. For polymer £ilms
having high heat resistance such as polysulfone films and
polyethersulfonefilms,thermosettingpolysilézanemayéléo
be used.

The thickness of the polymer film used as the
intermediate layer is not specifically limited as long as
it is a2 thickness where an improvement in adhesion property
is realized, and is set in the range of approximately 0.2
Lmto 10 g m.

It is not preferable that the thickness is outside this
range because when the thickness is approximately 0.2 um
or smaller, a uniform film by coating is not easily obtained -
and when thg thickness is approximately 10 pgm or'greater,
the adhesion property of the transparent polymer film and
the intermediate layer degrades.

While the inorganic dielectric used in the present

invention is not specifically limited as long as it can be

formed into a thin film by evaporation, shows positive



These polymer films are formed in a manner such that a polynerized

material is dissolved in a solvent and applied to a transparent polyner

flimor that a conposition including a polynerization initiator and a

nononer and/or an oligoner is applied ig a transparent polymer film and

pol ymeri zed by ul traviol et re or thernosetting. The

met hod for applying the conposition to the transparent polyner filmis not

specifically limted;.known nethods may be used such as comma coating

met hod, die coating nethod direct gravure coating nethod and bar ccating
met hod. Rﬁram‘cﬁelmﬂ@s@qumpyf iWhena e Ll ep @vppemedi@me 1spol yner

filmand the polyester polymer film ultraviol et

curingacryl i creetfomned eafichad | isspaincipapoiptier akigstihbed AP deghenesat

resi stance such as polysulfone films and polyether sulfone filns,

t her noset ti ng Yol 3G idegzgrs nigomlEe foemedediirectionThe tifieciiides doxt he

polymer filmused as the internediate |layer is not specifically limted as

long as it | sexadgilieknesalMerexides spchvasrd®abOg n Wikhe Siion, P8 0peBiyosi S

realized, and is set in the range of approximately 0.2 [err] mto 10 [err]

m It | sambiNdOgf eralpme fdablhasikki bkoaasei sheyitaxalexicleildent in

transparency.

Of the metallic oxides, Taz0s5, WO3 and BisOs which
readily come to have refractive index anisotropy and from
which hard films are obtained are much preferably used.

The angle of oblique evaporation is defined by the angle
between the line connecting the evaporation points on the
film from the evaporation source and the normal to the film
surface. By setting the evaporation angle in the range of
approximately 50 degrees to 85 degrees, the angle between
the principal optic axis of the dielectric layer and the
normal direction to the film is the predetermined angle,
namely approximately 20 degrees to 70 degrees. The specific
evaporation angle is decided for each combination because
it differs according to the combination of the transparent
polymer film and the evaporation substance being used.

While the thickness of the obliquely evaporated
inorganic dielectric layer is not specifically limited as
long as it is equal to or greater than a thickness where

anisotropy is generated in the growth cf the evaporation

particles to exhibit birefringernce, it is set at a thickness
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range because when the thickness is approximately 0.2 [err] m or snaller,
a uniformfilmby coating is not easily obtained and when the thickness is
approximately 10 [err] mor greater, the adhesion property of the
transparent polymer filmand the internediate |ayer degrades. VWi | e
the inorganic dielectric used in the prdsent invention is not specifically
limted as long as it can be forned into a thin film by evaporation, shows
positive 12 refractive index anisotropy when oblique
evaporation is performed and has its principal optic axis tilted 20
degrees to 70wiegeespriedemerivd nedr retaxiaeior value Laettained on whichml e,
metal |ic oxides such as Ta[err]Jerr], WJerr], SiJerr], SO .
Bi[err]( err] taedihbpraneFetaidaiopneflarcablfytheeiinbeganie dislechnic
excellent in transparency. O the netallic oxides, Ta[err](Jerr],
WO err] and Bi layelrd erin] théiranger ef dippyrocdme ted vhal euy 861204 hme | Waleke
ani sotropy and from which hard filns are obtained are much preferably
used. Thehanghéckfiesdldinife ry apopatiing te thed bied dxy ngeacgngfethe
between the |ine connecting the evaporation points on the filmfromthe
evaporati on souwseel sudsthacaocamblitie angéef oEmisurdiaceés ByiseiperhgERhEC
evaporation angle in the range of approximtely 50 degrees to 85 degrees,
the angl e betwasils from the normzl direction To the film, it is normally

in the range of approximately 0.2 um to 5 u m, preferably

in the range of app_roximately 0.4 gm to 1 4 m.

In the present invention, at least one dielectric layer
formed by oblique evaporation is provided. Moreover, the
present invention includes, according to which viewing angle
characteristics is to be imprcved in the LCD tTc which the
present invention is applied, =& dielectric layer including

" a plurality of layers having different tilt angles of the
principal optic'axis from the normal direction to the fi__lm,
a dielectric film including & plurality of layers having
different azimuths of the tilt directicn although having the
same tilt angle and a combination thereof. In the case of
oblique evaporation on a continuous film by use of generai :
apparatus for continuous film, the tilt angle of the principal
optic axis is continuously changed in the thickness
direction.

As the method fcr the oblique evapcrztiocn used in the

present invention, known methods may be used such as the

electron beam evaporation method, the ion plating method and



the. principal optic axis of the dielectric layer and the normal direction
to the fitmis the predeterm ned angle, nanely approximately 20 degrees to
70 degrees. The specific evaporation angle is decided for each conbi nation
because it differs according to the conbination of the transparent
polynmer filmand the evaporation subst ahfe bei ng used. Whil e the
t hi ckness of the obliquely evaporated inorganic dielectric layer is not
specifically limted as long as it is equal to or greater than a thickness
where anisotrony is generated in the growh of the evaporation particles
to exhibit birbRei ?@‘é&%%?lﬁlg nethed. atlng Hifwigfedi@ss productivity, the
13 where a predeternined retardation value is obtained in which the
i n-pl ane r et ar 8heFBRON dPerm opVapRra vy dpeehed el ec¥ekeraklrusedin the
range of approximately 20 nmto 200 nm Wiile the thickness differs
according to the bi@bi/#mgewe@p@!ratmn erbe auserbirwowmdfile ke of tilt
of the principal optic_ axis fromthe normal direction to the film it is
normal’ly in tRerfapgeddiy REPVELintt ely i 2VEPPFRLAPEREDCF RS mapable
preferably in the range of approximately 0.4 [err] mto 1 ie(r] m
I n the presentof feaiiniousdy eeaperanbngifdllas,r stitapsr shietding Bladisls que
evaporation is provided. Mreover, the

between the evaporation source and the film so that the

inorganic dielectric which comes flying from unnecessary
evaporation angles is cut off and cnly the inorganic
dielectric that comes flying from a predetermined
evaporation angle is selecfively evaporated. At this timé,
in order for the inorganic dielectric to be efficiently
evaporated onto the film, the evaporation source, the
shielding plates and the film are disposed so that the fil
passes immediately above the evaporation source.

Since & problem such that temperature Increase o§ -
pol&mer film induces deformation of the film can arise in
the evaporation, it is preferable to provide radiant heat
shielding plates so that excessive radiant heat is not
applied.

While it is a problem that the film is deformed, since
characteristics of the formed dielectric layer vary
according to the film temperature at the time of oblique
evaporation, it is preferable for the film guide roller to

bg capable of being temperature-controlled so that the film

temperature at the evaporated portion may be controlled.



present invention includes, according to which view ng angle
characteristics is to be inproved in the LCD to which the present
invention is applied, a dielectric layer including a plurality of |ayers
having different tilt angles of.the prLﬂfipal optic axis-fromthe norna
direction to the film a dielectric filMincluding a plurality of |ayers
having different azinuths of the tilt direction although having the sane
tilt angle and a conbination thereof. In the case of obliqgue evaporation
on a continuous filmby use of general apparatus for continuous film the
tilt angle of Whdlgrchei pempesptire Hantial aandedsudlegschihagethenglaes
thickness direction. As the nethod for the oblique evaporation used
in the presentrengdfioonterpenatwee leddthewyo higneseprafisraid t hessethwan r on
beam evaporati on nmethod, the ion plating nmethod and
14 t he sput tthei iempehodeformat bon dfempeyra mejuditi it puchhere fdeabIen
beam evaporation nethod is preferably used. bl i que evaporation onto
a continuous fithatnahebguider tolired bynpbevidobgd to aiC evadawad .on
apparatus capable of continuously evaporating filnms, slits or shielding
pl ates between theWaeagbazls De usedr €= thedetdpofit insastkat athes 1 tmEgani ¢
dielectric which cones flying fromunnecessary

it may be used alone, 2 mixture of Taz05 and Ta

'.l-

S nmuch
preferable inviewof the eases of evaporation, the evaporaticn
rate and the radiant heat. The mixture ratio between Ta;0s
and Ta is normally in the range of approximately 1:0.05 to
1:1. |

When a substance such as Taz05 is used which can be

colored because ¢f insuf

-

iclency in oxygen caused by the
breakage of the composition ratioc between tantalum and oxygen
at the time of evaporation, tranSparency may be improved by
admitting oxygen gas into the evaporation apparatus as
neéessary to thereby adjust the composition ratio of oxygen
in the evaporation film.

The amount cf oxygen gas admittance is ncrmalily set in
the range of approximately 5 sccm to 30 scem. It is not
preferable that the amount be cutside this range because when
the amount is approximately 5 sccm or smaller, the effect
of oxygen admittance is insufficient and when the amount is
approximately 30 scom or.greater, the degree of vacuum

increases to decrease the evaporation rate.

While the phase retarder film of the present invention



evaporation angles is cut off and only the inorganic dielectric that cones
flying froma predeterm ned evaporation angle is selectively evaporated.
At this tinme, in order for the inorganic dielectric to be efficiently
evaporated onto the film the evaporation source, the shielding plates and
the filmare disposed so that the film lfasses i mediately above the
evaporati on source. Since a problemsuch that tenperature increase
of a polyner filminduces deformation of the filmcan arise in the
evaporation, it is preferable to provide radiant heat shielding plates so
that excessivelisaftmmsenaata phasetretgpleérdilm for iMpirbwing the arimwiieem
that the filmis deforned, since characteristics of the fornmed dielectric
| ayer vary acéogdlenghmoaq:heris'stms @fpéhat ONeL@D, tite maiynaleb bélusem as
evaporation, it is preferable for the filmguide roller to be capable of
bei ng t enper-at ér phaget rektbzdezofihat foheifprovingnpies atiswing dbhele
evaporated portion nmay be controll ed. 15
Wil e the tenpeharacterdstios pdngesiipetessitban témaglassSTNY anshii on
tenperature of the polynmer, preferably |less than the thernal deforrration
tenperature, it is Bocthis ebeeabims tiit angle of the principal optic axis

of the inorganic dielectric layer from the normal direction

to the film, the retardation vaiue of the inorganic dielectric

layer and the retardation value of the transparent polymer

film are set at different values accordingly.

The phase retarder film of the present invention is’a
phase retarder film having its principal optic axis tilted
from the normal direction to the film and having positive
refractive index anisotropy which film is suitable for
improving viewing an g1e characteristics of the TN-LCD. By
employing the structure o the present invention, a large

size film may be easily and inexpensively obtained.

EXAMPLES

Hereinafter, the present invention will be illustrated
in detail with reference to the following examples.

The measurement of the retardation value in the
embodiments was carried out by an ordinary method by use of
a polarizing microscope with monochromatic light of 546 nm .

The tilt angle of the principal optic axis was obtained

by measurements on the basis of ordinary methods known to



that the guide roller can be cooled to O[err]C or | ower. VWhen
Ta[err]Jerr] is used as the evaporation material, although it may be used
alone, a mxture of Ta[err]O[err] and Ta is much preferable in v ew of the
ease of evaporation, the evaporation rate and the radiant heat. The
m xture ratio between Ta[err](Jerr] and’Ta is normal ly in the range of
approximately 1:0.05 to 1:1. ' When a substance such as Ta[err]Jerr]
is used which can be colored because of insufficiency in oxygen caused by
the breakage of the composition ratio between tantal um and oxygen at the
time of evaporahose,pdoplesgkidieyd imthecartpasswndy thadnthe inef ractgare gas
i nto the evaporation apparatus as necessary to thereby adjust the
conposi tion ratinderf sbxygtureiwas henkagpakation film The amount of
oxygen gas admittance is normaly set in the range of approximtely 5 sccm
to 30 sccm It is not preferable that the anmount be outside this range
because when the anount is approximately 5 sccmor smaller, the effect of
oxygen admi tt aBgempdei Asuff icient and when the anount is approximtely 30
sccmor greater, the degree of vacuum increases to decrease the
evaporation rate. AfterWhidel IdimgEhasd apoettardefilnl (podédide mamserftuji
I nvention 16

" .TAC SH-80, made by Fuji Photo Film Co., Ltd.) was coated with

an ultraviolet-curing dcxyiic resin by z commz coater, the
film was cured by ‘..}ltraviolet irradiztion, so that a
transparent polymer film was obtained in which an acrylic
resin filmwith a thickness- of approximately 5 u m was formed
as the intermediate layer.

The transparent polymer film having the intermediate

h

layer formed therein was set in a2 holder ¢f z evaporation
apparatus, evacuation was performed until the degree of
vacuum reached 2 XlO"5 Torr, and an oblique evaporation layer
of Si02 with a thickness of 1.02 u m was formed using SiO2
as the evaporation material by the eledtron beam evaporation
method at an evaporation angis cf 70 degrees and at a2 film
temperature of approximately 65C to obtain a phase retarder
film.

The appearance of the phase retarder film was visually

evaluated and it was found that there was no deformation of

the polymer film due to the radiant heat at the time of

I

evaporation and that there was no peeling of the evaporation

layer due to cracks.



Is for use as a phase retarder filmfor inproving the viewing angle
characteristics of the TNNLCD, it nmay al so be used as a phase retarder
filmfor inproving the viewing angle characteristics of a super tw sted
nematic (STN) LCD. In this case, the tilt angle of the principal
optic axis of the inorganic dielectric 1%yer fromthe normal direction to
the film the retardation value of the inorganic dielectric |ayer and the
retardation value of the transparent polymer filmare set at different

val ues accordi ngly. The phase retarder filmof the present invention
is a phase retarderIr ithe ppaisey rietergernfiipal, bhei énariane| retardatdbont he
normal direction to the filmand having positive refractive index

ani sot ropy whi cfalfuid mass 24unmabhd tlhe primpripdheptienwiasdsawgisetilted 29
characteristics of the TNN-LCD. By enploying the structure of the present
i nvention, a | adegreesd ZAixrdn |themalidectdasi lof e noewpénsiovehe dhtlai.ned.
EXAMPLES Hereinafter, the present invention will be illustrated in
detail with reference to the foll ow ng exanpl es. The neasurenent of
the retardation value in the enbodinments was carried out by an ordinary
met hod by use E&xamplml2ari zing m croscope wi th nonochromatic |ight of 546
nm The tilt angle of the principal optic axis was obtained by
nmeasur enents on the Hazhasphrendipwiynerfhdnthdriowgnahdntermediate layer

formed therein which was formed in a similar manner to that
of Example 1 was set in a holder of a evaporation apparatus,
evacuation was performed until the degree cf vacuum reached
2><10”5 Torr, and an obliqﬁe evaporation layer-of Taz0s5 with
a thickness of C.€5 g m was formed _using Taz05 as the
evaporation'materia_l by the electron beam evaporation method
at an evaporation angle of 70 degrees and at a £ilm temperature
of ap'proz'cimately 120°C tc obtain a phase retarder film.
The appearance of the phase retarder film was visua.lly

ound that there was no deformation of

-

evaluated and it was
the polymer film duvue to the radiant heat at the time of
evaporation and that there was no peeling of the evaporation
layer due to cracks.

In the phase retarder film, the in-plane retardation
value was 34 nm and the principal optic axis was tilted 27

degrees from the direction of the normal t£o the film.

Example 3

A transparent polymer filmr having an intermediate layer



17 t hose people skilled in the art assuming that the refractive index
structure was uni axial . Exanple 1 After a cellulose triacetate
film (product nanme: Fuji TAC SH 80, nmade by Fuji Photo FilmCo., Ltd.) was
coated with an ultraviolet-curing acrylic resin by a conma coater, the
filmwas cured by ultraviolet irradiati d® so that a transparent pol yner
filmwas obtained in which an acrylic resin filmwth a thickness of
approximately 5 [err] mwas formed as the internediate |ayer. The
transparent polymer filmhaving the internediate |ayer forned therein was
set in a holdefophed Evapmimtwhdch wpgafarmeqd Bvacairidarvmanperfie mdtunti |
the degree of vacuumreached 2 Xi10[err] Torr, and an oblique evaporation
layer of SiJefrExample 4 whsckeledn afhdlder [of r] evapesa t bomeappadatpssi 2
as the evaporation material by the el edtron beam evaporation mnethod at an
evapor ati on angkecattidndess gpex fortheat uatil| the Hegpecatdreacivmpmantiatt el y
65[err]C to obtain a phase retarder film The appearance of the
phase retarder 24 on’wesryj dtid lan oBvakuat edzpodaticwebafetirgk M@0, e was
no deformation of the polyner filmdue to the radiant heat at the tine of
a thickness of 0.76 u m was formed using a mixture of Ta,0s

and Ta (product name: CA-1C0, made by Optron Inc.) as tThe

evaporation material by the eleciron beam evaporation method
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of approximately 102%3 to obtain a phase retarder film.
The appearance of the phase retarder film was visually

evaluated and it was found that there was no deformation of

the time of

ot

the polymer_film due to the radiant hesat
evaporation and that there was nc peeling of the evapcration
layer due to cracks.

In the phase retar&er film, the in-plane :etardation
value was 40 nm and the principal optic axis was tilted 27

tc the film.

degrees from the direction of the norma

Example 4

After a film with a thickness of 100 u m formed by the
solvent casting method by dissolving polycarbonate (product
name: Panlite C-1400, made by Teijin Chemicals Ltd.) in
methylene chloride was céated with an ultraviolet-curin

acrylic resin by a comma coater, the film was cured by

ultraviolet irradiaziorn, sc that a2 transparent polymer fiim



evaporation and that there was no peeling of the evaporation |ayer due to
cracks. ' 18 In the phase retarder
film the in-plane retardation value was 24 nmand the principal optic
axis was tilted 29 degrees fromthe direction of the normal to the film
Exampl e 2 A transparent polymner fi4%n havi ng an internedi ate | ayer
formed therein which was fornmed in a simlar manner to that of Exanple 1
was set in a holder of a evaporation apparatus, evacuation was perforned
until the degree of vacuumreached 2X10[err] Torr, and an oblique

evapor ati on | ayes Qttaigfed ipQykich an ahrydichrekine S lof wltB5a [tBridkmessas
formed using Ta[err]derr] as the evaporation material by the electron
beam evapor at i off apgrmdmatielanSepanaay Formaad < the Rteegeeeatanc alr a
filmtenperature of approximately 120[err]C to obtain a phase retarder
film The appBheabransgpardmt phakgneetfildehavim wise Virdednediate
evaluated and it was found that there was no deformation of the polyner
filmdue to thiéayedi fiotmédathateimevds neetofin avapdidid @T anGvdvirddioe Was
no peeling of the evaporation |ayer due to cracks. In the phase
retarder filmapberanup} aseacetvickatwan perfcrmed until the degree of

-3
p Q. .

vacuum rezached 2X1J T Torr, and

N - . - - T -
ncbhbligue evapcraticon layer

v
m

of Taz0s5 with & thickness of 0.60 g m was formed using Ta0s
as the evaporation material by the electron beam evaporation

method at an evaporation angle of 65 degreses and at a film

-

temperature of approximately 120C to obtain a phase retarder

Hh

ilm.

The appearance of the phase retarder film was visually
evaluated and it was found that there was no deformation of
the polymer film due to the radiant heat at the time of
evaporation and that there was no peeling of the evaporation

layer due to cracks.

value was 30 rnm and the principal optic axis was tilted 29

degrees from the direction of the normal to the film.

TRC SH-80, made by Fuji Photo Film Co., Ltd.) was cocated with
an ultraviolet-curing acrylic resin by a comma coater, the -

film was cured by ultraviolet irradiation, so that a



val ue was 34 nmand the principal optic axis was tilted 27 degrees from

the direction of the normal to the film Exanple 3 A transparent
polymer filmhaving an internediate |ayer .

19 fornmed therein which was forned |§ra simlar manner to that of
Exanple 1 was set in a holder of a evap Tati on apparatus, evacuati on was

performed until the degree of vactumreached 2X10[err] Torr, and an oblique
evaporation |ayer of Ta[err](Jerr] with a thickness of 0.76 [err] mwas
formed using a mxture of Ta[err](Jerr] and Ta (product nane: OA-100, nmade
by Optron Inc. fragssphsentvppbymer ofil mtwas adbttaindd &l edtian dreanrylic
evaporation nethod at an evaporation angle of 70 degree and at a film
tenperature ofesppriddimatehya tA2ERneEE dbapprokimatphese i et Radefodiddn
The appearance of the phase retarder filmwas visually evaluated and it
was found that ashthe ivaSermediisftos Mmyem offhishéipml yaersiit mmue storige
radi ant heat at the tinme of evaporation and that there was no peeling of

t he evaporati owithagewidok ¢ L23ciks.to obtaim & heophihsecusetaitier film the
i n-plane retardation value was 40 nmand the principal optic axis was
tilted 27 The transparent polymer f£ilm having the intermediate

layer formed therein was set in a holder of a continuous

evaporation apparzstus, evacuation was verformed until the

£3

degree of vacuum reached 7X10° " Torr, a shielding plate was
disposed sc that the evaporaticn angle was 8C degreses to 45
degrees (the angle to the film surface immedia’&ely above the
evaporation source was 72 degrees), and an oblique

evaporation layer of Ta0s5 with a thickness of approximately

0.6 u m was formed using a mixture of Ta05 and Ta (product

o

name: OA-100, made by Optror-. Inc.) as the evaporationmaterial

by the electron beam evaporation method at an oxygen .

admittance amount of 45 sccm to obtain a phase retarder film.
The appearance of the phase retarder film was visually

evaluated and it was found that there was no deformation of

the polymer film due to the radiant heat at the time of

evaporation and that theres wa

n

ne peeling ¢f the evaporation
layer due to cracks.

In the phase retarder film, the in-plane retardation
value was 25 nm, and the tilt angle of the principal optic

axis continuously varied in the thickness direction of the

film according to the variaticn of the evapcration angle at



degrees fromthe direction of the normal to the film Exampl e 4

After a filmwth a thickness of 100 [err] mfornmed by the solvent casting
met hod by di ssol vi ng pol ycarbonate (product nanme: Panlite C 1400, nade by
Teijin Chemcals Ltd.) in nmethylene chlgride was coated with an

ultraviolet-curing acrylic resin by a coarer, the filmwas cured by
ultraviolet irradiation, so that a transparent polyner film

20 was obtained in which an acrylic resin filmwith a thickness of
approximately 5 [err] mwas formed as the internedi ate | ayer. The

transparent potheetihelof eontiiudius ieviaporediiare Fhyetlloramgle hef dihe was
set in a holder of a evaporation apparatus, evacuat on was perfornmed until
the degree of prvavaipaieaphidd a0t nedsuredaagpaoxibateliy W ajsyraddson

| ayer of TaJerr]Jerr] with a thickness of 0.60 [err] mwas forned using
Ta[err]J err] faemtbire eliamemthtarop fnbhernaimbl tchéehel EiimpnaHeam my diwmtat i on
nmet hod at an evaporation angle of 65 degrees and at a film tenperature of
approxi mat el y tBe[ engl€ dodobohi mamyphase retarder film The
appearance of the phase retarder filmwas visually evaluated and it was
found that there was no deformation of

Comparative Exampie 1

[x) ]

After & cellulose triacetate film {(procduct name: ruji

¥

: TAC SH-80, made by Fuji Photo Film Co., Ltd.) was set in a
holder of an evaporation apparatus without the intermediate
layer being provided, evaéuatibn was perfcrméd until the
degree of vacuum reached 2X10-5 Torr, and an oblique
evapcration laver cf Tz205 with z thickness ¢f 0.68 u m was
formed using Taz0s5 as the evaporationmaterial by the electron
beam evaporation method at an evaporation angle of 70 degrees
and at a film temperature of approximately 123C to obtain
a phase retarder film.

The 'appearance of the phase retarcer film was visually
evaluated and it was found that the cellulose triacatate film
was deformed due to the radiant heat at the time of the
evaporation. In addition, cracks were produced to cause the

evaporation layer to partly peel off.

In the phase retarder film, the in-plane retardztion
value was 37 nm anc the principal optic zxis was tilrted 27
degrees from the direction of the normal to the film.



the polyner filmdue to the radiant heat at the tinme of evaporation and
that there was no peeling of the evaporation |ayer due to cracks. I n
t he phase retarder film the in-plane retardation value was 30 nm and the
principal optic axis was tilted 29 degrees fromthe direction of the
normal to the film Exanpl e 5 AXer a cellulose triacetate film
(product nane: Fuji TAC SH 80, rmade by Fuji Photo Film Co., Ltd.) was
coated with an ultraviolet-curing acrylic resin by a comma coater, the
filmwas cured by ultraviolet irradiation, so that a
21 transpar @HATpdByGBAIMEDNIS@s obtained in which an acrylic resin film
with a thickness of approximately 5 [err] mwas forned as the internediate
layer. This filmwhs Blphasetmetstndeys filint Whareidt At oled25 ome tobldkjri N a
continuous film The transparent polyner film having the internedi ate
| ayer forned teeaponatasnskayeén af ha diviomfarsi € alid Tetoiisi c eMAFyradd D dn
appar atus, evacuation was perforned until the degree of vacuumreached
7X10[err] Torratalsaselcheigydfsce wasSz drapesedeno thbiméher evaprsd i0n
angl e was 80 degrees to 45

intermediate layer between, said oblique evaporation film

having positive refractive index anisotropy and having its

principal optic axis tilted 20 degrees to 70 degrees from

a direction of a normal to the film.

2. A phase retarder film according to claim 1, wherein

said transparent polymer Zilm is a thermocrizstic polymer

3. A phase retarder film according to claim 1, wherein
said transparent polYmer film is a film formed of a
thermoplastic polymer by a solvent casting method.

4., A phase retarde_’; fiim according to claim .2 or claim
3, wherein said thermoplastic polymer is a cellulose polymer,
a polycarbonate polymer, a polyarylate polymer, a polyester
polymer, an acrylic polymer, polysulfone cor polyether
sulfone.

5. A phase retarder film accecrding to claim 1, wherein
a2 in-plane retarcdation value of said transparent coclymer i:__
is less than 100 nm.

6. A phase retarder film according to claim 1, wherein
sgid intermediate layer is a polymer film formed of an acrylic

resin, an urethane resin, a silicon resin, polysilazane or

N



degrees (the angle to the filmsurface i nmedi ately above the evaporation
source was 72 degrees), and an oblique evaporation |ayer of Ta[err](err]
with a thickness of approximately 0.6 [err] mwas formed using a m xture
of Ta[err]Qerr] and Ta (product name: OA-100, made by Optron Inc.) as the
evaporation material. by the electron 5bhn1evaporation met hod at an oxygen
adm tt.ance anount of 45 sccmto oebtain a phase retarder film The
appearance of the phase retarder filmwas visually evaluated and it was
found that there was no deformation of the polyner filmdue to the radi ant
heat at the tisecafrdoevragdnati on and that there was no peeling of the
evaporation layer due to cracks. In the phase retarder film the

i n-plane retardatiofnl. xghesevaetaTdem fand ibeotdidg angkea0h ’fb%rpé*é‘fr* pal
optic axis continuously varied in the thickness direction of the fil

according to teaidaih8brRBdPhté hea gyAPA & i, anghe1dt 4 1n th ckness.
22 the time of continuous evaporation. The tilt ang e Jh

principal optic axi$.wapHEASteed rapp! QMﬁPé@d:d/r@ﬂm@Qﬂi @Qélmfiorﬂﬁeh?e

direction of- the normal to.the film assuming that the angle did not vary.

Conpar ati ve Exsapbeidorganic dielectric is at least one kind of compound
selected froma group consisting of Taz0s5, WO3, SiCs and Bia03.

9. A phase retarder £ilm zccording to claim 1, wherein
said incrganic dielectric is Taz0s.

10. A phase retarder film according to claim 1, wherein
said oblique evaporation iayer of the 1no*‘ganic dielectric
is 0.2 um to 5 g m in thickness.

11. A phase retarder film according to ciaim 1, wherein
said oblique evaporation layer oFf the inorganic diélectric
is formed by using a mixture of Taz0s and Ta as an evaporation
material.

12.-A phase retarder film according to claim 1, wherein
said oblique evaporaticn layer of the inorganic dielectric

is formed by performin

coligue evapcraiicn under an oxvge

\Q

ot

admitted by using a mixture of Ta205 and Tz &s an evaporation

material.

e



After a cellulose triacetate film (product nane: Fuji TAC SH 80, nmde by
Fuji Photo FilmCo., Ltd.) was set in a holder of an evaporation apparatus
wi thout the internediate |ayer being provided, evacuation was perfornmed
until=the degree of vacuum reached 2X10[err] Torr, and an oblique
evaporation layer of Ta[err](err] with2b thickness of 0.68 [err] mwas
formed using Ta[err]derr] as the evaporation material by the electron
beam evaporati on nmethod at an evaporation angle of 70 degrees and at a
filmtenperature of approximately 123[err]C to obtain a phase retarder
film Theasgmregm e o Dresaozsee etarder fil mwas visually
evaluated and it was.found that the cellulose triacetate film was deforned
due to the radiant heat at the time of the evaporation. In addition,
cracks were produced to cause thBasEY RPIARDER) Hiayer to partly peel off.
In the phase retarder film the in-plane retardation value was 37 nm and
the principal optichaxd Phase mateader7 fidmgineshicmt Heaft oae ohléfuehe
normal to the film 23 VWHAT |S CLAI MED
| S: 1. A preRerzkien daveriofranhimerganic ddgdecgnécdmviquerositive
evaporation |ayer of an inorganic dielectric is formed on

refractive index anisotropy and having its principal optic

axis tilted 20 degreses ¢ 70 degrees IZrom the direction of
the normal to the film is formed on at least one surface of
a transparent polymer filmwith an intermediate layer between,

a large area film is ezsily and inexpensively obtained.



at |east one shifEREACEMENT (SHEESphrent polymer filmwith an internediate

| ayer between,}|sgrd—obtTgue evippration film having positive refractive

i ndex ani sot ropy { agdg taxy rggg t principal optic axis tilted 20 degrees to
70 degrees fro a direction of @ normaR to th&dbstitute sheet -25 MapH9eD
retarder film @ccording to clalijl, wherein said transparent polynmer film
Is a thernoplagtic polyner film 3. A phase retarder filmaccording
to claim1, wherern  sald transparent polymer filmis a filmfaormed of a

t her nopl ast i cEPEFIRELVBYIRIY| FBABOLASPYNYDRBL RSG Tque eVapOrRtypNd S
retarder filmaccording to claim2 or claim 3, wherein said thernoplastic
pol yrer is a RBRFfarBee nrf y\@srits PHNGHRe bORIE pstynetlted 78 dagyesste

pol ynmer, a polyester polyner, an acrylic polyner, polysul fone or polyether

v)

sul f one. to570adpEaSEsSr EraRdehef PPEMacc Sidiesd g dcaithel fidmer 9T a
in-plane retardation value of said transparent -polvrner film is less than
100 nm egampl phasetakl oo daddeis| suak el BapQst (a3 aiSmop, Swer &inOssaid

internediate layer is a polymer filmformed of an acrylic resin, an
ur et hane resi andaNgdj0§ @ae pesifrrapdlyysskdZaseavse they are excellent in
24 '

transparency.

Of the metallic oxides, Taz0s5, WO3 and Bi,05 which
readily come to haye refractive index anisotropy and from
which hard films are obtained are much preferabiy used.

The angle of oblique e'vaporation is definéd by the angle
between the line connecting the evaporation points on the
film from the evaporation source and the normal to the film
surface. By setting the eveporztion angle in the range éf
approximately 50 degrees to 85 degrees, the zngle between
the principal optic axig of the dielectric layer and the
normal direction to the film is the predetermined angie,
namely approximately 20 degrees to 70 degrees. The specific
evaporation angle is decided for each combination because

it differs according to the combination of the transparent
polymer film and the evaporation substance being used.
ﬁhile the thickness of the obliguely evaporated
inorganic dielectric layer is not specifically limited as
long as it is equal to c¢r greater than a thickness where
- anisotropy is generated in the growth ¢f the evaporation

particles to exhibit birefringence, it is se:r a2t & thickness
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a cardo resin. . etarder filmaccording to claiml,
wherein said i 1t%§ﬁ4§8%¥¢@]‘% s 0.2 [err] mto 10 [err] min thickness.

8. A phase retafd rgfilnla%%géd ng toclaim1, wherein said inorganic
dielectric is a Ile s§ AR dl of conpound sRIRGHSE LK NAMRR 2000
consi sting of Ta[ ¢r | e r],1§i Jerr] ang“%%[éerriqerr .

t

A phase retardef filmaccording t¢ claiml, wherein said inorganic
dielectric is Talerr]lQerr] 10. A phase retarder filmaccording to
claiml1l, wh ' al, H 'gu ol ayeh i@l et %idgy' 'd:-
dielectric elltgfgé(é%[egr? %inbt OSg?fé??%B% i %e{nh.ikl)gk“ﬁe‘fgg. & ag%rla A](sphase

retarder fi ';5%??89139&%& 56 Ei;g]‘%%ir%%i B 998! Eﬂi‘Ee&‘ng%F Qe | ayer

of t ne inorganic dielectric y using a mxture errjerr]

and Ta as a”t&"?‘@"&%&k\%%grﬁ‘%ﬁr LAk normay olZecR:RNASY rcl‘i‘*}earﬁef ’figh%g

according to clarm ein said oblque évaporation layer of t

orooan ¢ ot ErEAbLES md2al TLBG He PELERTIL R8P, WIS, SMAROTS1HOBARGCT an

oxygen admi y using a mxture o err er 4 as-a
evaporation aﬂ@tﬁﬁéég'are preferably used because they are excellent in

transparency.

( o - . .
: Of the metallic oxides, Ta20s, WO3 and Bi,0; which

readily come to have refrzctive index anisotropv znd from
which hard films are obtained zre much opreferably used.
The angle of oblique evaporation is defined by the angle

between the line connecting the evaporation points on the

[}

ilm from the evapcration source and the normal to the film

surface. By setting the evapcrztion angle in the range of

6]

approximately 50 degrees tc 85 cdeagrees, the zangle between
the principal optic axig'of the dielectric layef and ;he
normal direction to the film is the predetermined angie,
namely approximately 20 degrees to 70 degrees. The specific
evaporation angle is decided for each combination because
it diffgrs according to the combination of the transparent
polymer film =nd the evaporation substzance being used.
While the thickness of the obliquely evaporated
inorganic dielectric layer is not specifically limited as
long as it is equal to or greater than z thickness where
- anisotropy is generated in the crowth ¢ the evaroration

particles to exhi it birefringernce, it is set a2t 2 thickness
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