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coloration of liquid crystal display devices, particularly, super tw sted
nematic (hereinafter, sometinmes referred to as STN) liquid crystal
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optical devices and the like, and a liquid crystal display

apparatus using said film. -
pescription of the Related Art

A retarder obtained by uniaxially stretching a
transparent thermoplastic polymer f£ilm, is used as an optical
compensation £ilm (hereinafter, sometimes referred to as color
compensation film) for compensating coloration of liquid
crystal display devices, particularly, super twisted nematic
(hereinafter, sometimes referred to as STN) liquid crystal
display devices and electrically controlled birefringence
(hereinafter, sometimes referred to as ECB) liquid crystal
display devices (hereinafter, sometimes referred to as LCDs)
to improve their display qualities. Liquid crystal display
devices using the retarder have the advantages of being light
in weight, thin and inexpensive.

However, the STN LCD has the disadvantage of slow response
time. To improve the response time fast, it is effective to

decrease the cell gap by using liquid crystal having a large

birefringence A n. The liquid crystals having a large An



2 shows, generally, a high wavel ength dispersion of the birefringence,
and. it is known that the retardation of the retarder used with the liquid
crystal cell also should have a high wavel ength dispersion in order to
conpensate high wavelength dispersion @ A n of the liquid crystals, and
the® Use of a retarder having a high wavel ength di spersion of the
retardation is effective. A liquid crystal display apparatus having

hi gh cont Fﬁﬁéwslsgéﬂér@bl?i ne ch Mfie wav ellasigthe diepeeslibguod ehgstal cell,
i.e. aliquid crystal cell conprising liquid crystal having a large A n

i s used i npgpEbr iRgeNte M dfd it alsandRwnataty the tetvedatesanl ofwenel ength
di spersion of the retardation. Hence, a retarder having a high wavel ength
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characteristic of birefringence of the l'iquid crystal material used for

fast resppige wddbléfytn Sispdricielin Riudiees dempeadate high As a neans
for inproving the wavel ength "di spersion of a retarder, JP-A-5-107413
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glass-transition tenperatures are high, and this
retardation is effective.

A liquid crystal display apparatus having high tontrast
is not obtained when a fast-response liquid crystal cell, i.e.
a liquid crystal cell comprising liquid crystal having a large

A n isused in combination with a retarder having an conventional

wavelength dispersion of the retardation. Hence, a retarder
having a high wavelength dispe;sipn characteristic
corresponding to the wavelength dispersion characteristic of
birefringencg of the liquid crystal material used for fast
response STN liquid crystal cell has been desired.

As a means for improving the wavelength dispersion of a
retarder, JP-A-5-107413 discloses a retarder using polysulfone
{hereinafter, sometimes referred to as PSf) having a high
wavelength dispersion. Likewise, JP-A-6-174923 discloses the
use of polyarylate having a high wavelength dispersion.
However, polysulfone and polyarylate are difficult to process
since their glass-transition temperatures are high, and this

causes manufacturing problems.



causes manufacturing probl ens. 3

Mor egver, since the wavel ength di spersion characteristic of the
retardation differs depending on the liquid crystal nmaterial used for the
liquid crystal cell, it is sometines n8cessary to control the wavel ength
di spersion characteristic of the retarder. JP-A-5-27119 and JP- A-6-130227
show that the wavel ength dispersion can be controlled by a conbi nation of

optical ly ani sotyepésverDsliaBeahd @ aleryth 1 8pbrvpye caRGhltedispgEsi on
val ues. JP-T-4-500284 shows a retarder using a side-chain |iquid
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the |1aui dugeupial GBLECHOLSCHE ALdiPld iy ddallicdd11Cr 3 4k Bhbridbis prior

art discl oses at alrquid crysta polymer filmis fornmed on the

o Srhel Shesedfiehs Bt A dpiniaith ashigRydh e it

obt ai ned by app g an such as a a nmagnetic

fleld 10188 thlhdtartats! 3 ROGYHPI1 AR JHORYLH 300D RGN L HAIENE

crystal polyner rge refractive In ani sotropy regardl ess of

WNEUNEr | {5 o9bnih T ERLI AP 1] el 1l Recohbhatidhi gFul {10

manuf acture a -are m of require thickneSs accuracy by using the
g S VBRELPRILY Bhsctropic UEpbapaBONR RS AR bt A BRBRAS
dispersion values. -
JP-T-4-500284 shows a retarder using a side-chain liquid
crystal polymer having a linear or cyclic main chain and having
a temperature dependence and a wavelength dispersion the same
as those of the liquid crystal molecules used for the liquid
crystal cell. This prior art discloses that a liquid crystal
polymer £ilm is formed on the orientation film and that a liquid
crystal polymer film oriented is obtained by applying an field
such as an electric field or a magnetic field to the liquid
crystal polymer film. However, since the liquid crystal
polymer has a large refractive index anisotropy regardless of
whether it is of main-chain type or of side~chain type, it is
difficult to manufacture a large-area film of required
thickness accuracy by using the liquid crystal polymer.
JP-A-5-257013 describes that a retarder having a
wavelength dispersion of refractive index anisotropy the same

as that of the liquid crystal molecules used for the liquid

crystal cell by dispersing liguid crystal molecules into a



as that of the liquid crystal nolecules used for the liquid crystal cell
by di‘spersing liquid crystal nolecules into a

4 polymer filmand stretching themtogether with the polymer film
However, this prior art does not specifygcally describe a preferred
wavelengt h di spersion characteristic, the physical properties and the
structure of the liquid crystal and to what extent the liquid crystal
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subst ance such as polyvinyl chloride having a | ow softeni ng point can not

be used i f%f?&fmwl% tﬁnaiggaﬁsﬂénsaxrm&@ﬂrs@u OBnaNghys ical

deterioration in optical aracteristics occur JP- A- 30

Dl 2t of 2r oo b%‘at e QPR %h%ddééfmﬁ%%ﬁ’i‘?%‘?? does
SRy e R @rﬁt% ’ E’%%P Bpsibsetbddny olct | 8? s 1o
Pevel ongin i op AR al}ls%gt%ﬁghfclﬁll& siirens ’2‘{%{5‘%59%’4% ani sof ropi c

wavel engt h dlsperS|on a net produci ng t

fil t h
alppg]r\g![ us ac?n evi ng ﬂhé)?(fg% le%%?.% Isg'cs:k Eﬁavgaqﬂ*db]dgé%ﬁ@l %y f}q@i t he
optically & 50dPRstn’d 1Tquid crystal compound. However, a substance

such as polyvinyl chloride having a low softening point can not
be used in high-temperature environment since deformation and
deterioration in optical characteristics occur.

JP-A-7-13023 discloses a method for adjusting the
wavelength dispersion by adding a plasticizer to polycarbonate
or polyarylate. However, this prior art does not describe the
addition of a dye which absorbs ultraviolet lights.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an
optically anisotropic film whose retardation has a high
wavelength dispersion, a method for producing the optically
anisotropic film without any complicated process, and a liquid
crystal display apparatus achieving an excellent black-and-~
white display by using the optically anisotropic film.

As a result of extensive studies to solve the above-
mentioned problems, the inventors found that by mixing a polymer

{hereinafter, referred to as matrix polymer or matrix) with a



As a result of -extensive studies to solve the above- nentioned problens,
the.ihventors found that by m xing a polyner (hereinafter, referred to as
matri x polynmer or matrix) with a 5
specific dye or by mxing a polymer witlga liquid crystal polyner and a
dye;f an optically anisotropic filmwhose retardation has a high wavel ength
di spersion is easily obtained wthout the use of a polyner whose
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not in a visible region but in an ultraviolet region, an aspect
ratio defined as a ratio of a major axis length to a minor axis
length of the dye molecule is at least 1.5, and a retardation
(measurement wavelength 546 nm) of the optically anisotropic
film is between 50 nm and 3000 nm. (Hereinafter, sometimes
referred to as first invention.)

[2] An optically anisotropic film comprising a mixture
of a polymer and a dye, wherein the dye has an absorption peak
not in a visible region but in an ultraviolet region and shows
a dichroism, and a retardation (measurement wavelength 546 nm)
of the optically anisotropic film is between 50 nm and 3000 nm.
(Hereinafter, sometimes referred to as second invention.)

[3] An optically anisotropic film comprising a mixture
of a polymer, a dye and a liquid crystal polymer, wherein the
dye has an absorption peak not in a visible fegion but in an
ultraviolet region, an aspect ratio defined as a ratio of amajor
axis length to a minor axis length of the dye molecule is at

least 1.5, and a retardation (measurement wavelength 546 nm)



of a polymer, a dye and a liquid crystal polyner, wherein the dye has an
absorption peak not in a visible region but in an ultraviolet region, an
aspect ratio defined as a ratio of a magjor axis length to a mnor axis

| ength of the dye nolecule is at |least 8.5, and a retardation (measurenent
waveél ength 546 nm 6 of the
optically anisotropic filmis between 50 nmand 3000 nm (Hereinafter,

soneti mes pgfEli¢ dPptlieaddyt dnisbtirdpant £@m)is between430 Am &ndi 00 yim.
ani sotropic filmconprising a mxture of a polymer, a dye and a liquid

crystal polpeReindees| Nsomét bt feferdiedaReOER! ithAraedkveatibn. § visible
region but in an wultraviolet region, shows a dichroism and a retardation
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bet ween 50 nm and 3000 nm (Hefreinafter, sonetinmes Treferred to as fourth

invention. yf a polyméd, Anagetasdld malﬁlla%fpetslf;bémneér,[ Uhedeid };newherel n
the dye is phase- separat ed fromthe polyner and forns a domain, and
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formula (1) exceeds 1. where Rlerr]"is a retardation
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retardation value neasured with sodiumD-Iine (vvavel ength 589 nn).

[ 6] An O%ésahkaméﬂt SPAVORIngt 5860hmb 3t OtEhé ofpdlca\m@r ghisotbepdye and
the liquid crystal polymer are€ phase-separated
film is between 50 nm and 3000 nm. (Hereinafter, sometimes
referred to as fourth invention.)
[S1 An optically anisotropic filmof [1] or [2], wherein
the dye is phase-separated from the polymer and forms a domain,

and a value of a of the optically anisotropic film defined by

the following formula (1) exceeds 1.06:

=R/R vt (D)
where R, is a retardation value measured with hydrogen F-line
{wavelength 486 nm) and R, is a retardation value measured with
sodium D-line (wavelength 589 nm).

{6} An optically anisotropic filmof [3] or [4], wherein
the dye and the 1liguid crystal polymer are phase-separated from
the polymer to form a domain and forms a domain, and a value
of a of theoptically anisotropic filmdefined by the following
formula (1) exceeds 1.06:

a = R,/R, e s (D)

where R, is a retardation value measured with hydrogen F-line



the polymer to forma domain and forns a domain, and a value of a of the
optically anisotropic filmdefined by the followwng fornmula (1) exceeds

1. 06: [err] where Rerr] is a retardation value nmeasured with
hydrogen F-1ine 7 7 (wavel engt h 486
nm ‘ahd Rl err] is a retardation value nmeasured with sodiumD-1ine

(wavel ength 589 nm. [ 7] An optically anisotropic filmof [ 1] or

[2]. whereigavel@ng¥R £4E nhl)eam®Ry MY adf Sr&rd@Bidibhval udnfleds yPddii¢h a of
the optically anisotropic filmdefined by the followng fornula (1)

exceeds 1. g@d ium D-—lme (waveEEAdth & rniy err] (1) where Rerr]
Is a retardation value neasured Wth hydrogen F-1ine (wavelength 486 nm

and Rlerr] is a F ?arﬂ%gemcxﬂg niRGH WL o%ogr@sb.—%jtn%@%ﬁl engt h

589 nm. An optic pic fi 4], wherein
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fol |l owi ng forrrula (ai exceeds 1.0 [ Rlerr]/Rerr]
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(wavel ength 486 nm) and err] Is a retardation value neasured with sodium
D-1ine (wafél)esycredsol n [9] An optically anisotropic filmof [1]
or [2], wherein

= R!‘/Ro s e (1)
where R, is a retardation value measured with hydroge-n F—lirre
{wavelength 486 nm) and R, is a retardation value measured with
sodium D-line (wavelength 589 nm).

[8] An optically anisotropic filmof [3] or [4], r«rherein
the dye, liquid crystal polymer and the polymer are compatible, |

and wherein a value of & of the optically anisotropic film

defined by the following formula (1) exceeds 1.06:
= R,/R, - - - (D)
where R, is a retardation value measured with hydrogen F-line
(wavelength 486 nm) and R, is a retardation value measured with
sodium D~line (wavelength 589 nm).
[9] Anopticallyanisotropicfilmof[ljor[2], wherein
the dye are adsorbed and aligned in the polymer, and wherein

a value of a of the optically anisotropic film defined by the

following formula (1) exceeds 1.06:

=R/R,  c (1)



the dye a

re adsorbed and aligned in the polyner, and wherein a valu
of the optically anisotropic filmdefined by the follow ng formula
exceeds 1. 06: [err] = Rerr]/Rerr] (1)
8 where Rlerr] is a retardation valuegnmeasured with hydrogen F-lin
(wavel ength 486 nm and R err] is a retardation value neasured with
D-line (wavel ength 589 nm. [10] An optically anisotropic fi
[3] or [4], Wwherejn the. d re adsprbed and igned in the mxture
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around slow axis of the film [12] A liquid crystal display

| owi ng
wher e
m said
0 a

i zont al

appar at us pesliymert had dpgutdl dnystrals polyper,f ahddiefdin g ¥plue3pfom [4].

of the optically anisotropic film exceeds 1.06.
{11] An optically anisotropic film of [1], (2], [3] or
f4], wherein a retardation ratio (R,/R,) of the optically

anisotropic film satisfies the following expression (2):
0.900 < R,,/R, < 1.100 < s e (2)

where R, is a retardation viewed in the vertical direction to
the film, said retardation‘be;ng measured with a polarizing
microscope according to a Sénarmont method (measurement
wavelength 545 nm) and R, is a retardation measured when the
film is incliﬁed at 40 degrees to horizontal around slow axis
of the film.

[12] A liquid crystal display apparatus using the
optically anisotropic film of f1}, [2], [3) or [4].
DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in detail.

A polymer used for a matrix of an optically anisotropic
film of the first and second invention is preferably a polymer
whose optical characteristics and configuration do not change

at a high temperature and at a laminating temperature of the



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention wll be
‘described in detail. A polynmer used for a matrix of an optically
anisotropic filmof the first and second invention is preferably a polyner
whose optical characteristics and confi8uration do not change at a high
tenperature and at a |laminating tenperature of the

9 filmon a liquid crystal cell. A thernoplastic engineering pol yner

havi ng hi gfi oh asb-a Liquid tdrgatla@meenature is preferably used. In case of
using a polynmer to which a plasticizer is added, a pol yner whose fl ow

t enper at Urg PleSRig BTG RPINRIING bd1hmek, ha¢ing A bglYdasgised. A
lower limt of the glass transition tenperature or the softening
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the liquid crystal display apparatus is uséd so that the changes in

optical chasAm&F it WhichNgd pURi«dBidOnsSHgleds 4 PRk Ghos8kEWy do not

occur. An upper limt thereof is also definéd y the gl ass-
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heating, apkdf the glass-transition tenperature of the polynmer is too
high, it is not preferable industrially. The gl ass-transition

tenperature or t1§,3eH PMIWof the glass transition temperature or the
softening temperature of the matrix polymer is defined by the
temperature at which the liquid crystal display apparatus is
used so that the changes in optical characteristics and
deformation such as the film shrinking do not occur. -

An upper limit thereof is also defined by the glass-
transition temperature of a polymer. Because in forming a
polymer into an optically anisotropic film, it is necessary to
stretch the film with heating, and if the glass-transition
temperature of the polymer is too high, it is not preferable
industrially.

The glass~transition temperature or the softening

temperature of the polymer is preferably between 80 °C and 250 °C,
more preferably, between 90 °C and 230 °C, and particularly

preferably, between 100 °C and 200 °C.

Examples of the polymers include polycarbonate,
polyarylate, diacetyl cellulose, triacetyl cellulose and

ethylene vinyl alcohol copolymer. Of these polymers,



tenperature of the polymer is preferably between 80 [err]C and 250 [err]C,
nore preferably, between 90 [err]C and 230 C, and particularly preferably,
bet ween 100 [err]C and 200 [err]C Exanpl es of the pol yners include
pol ycarbonate, polyarylate, diacetyl ceblulose, triacetyl cellul ose and

et hyl'ene vinyl al cohol copolymer. O these pol yners,

10 pol ycarbonate , polyarylate and triacetyl cellulose are preferable.

As a pol ynpolyeetbonite ,polyaryffatan apti e2lihyetyl soéIDplase faden of the

third or fourth invention, i.e. when a dye and a |iquid crystal polyner
are m xed prébetdBlentri x, a polynmer having a snmall retardation may be
used as well as the polyners nentioned above. In the optically

ani sotropic fil m&h pSlydeldt uskllfor 8lmatarid 64 Qn opbicdl Dpanis6esopidye, a

liquid crystal polymer and a polyner as a matrix, a polyner having a smal
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obt ai ned by neasuring the retardation of a polyner film produced under the
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the dye and the liquid crystal polymer are not contained according to the
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mentioned above.

In the optically anisotropic film of [3],{4]1, [6] .[8]
and [10], which comprises a dye, a liquid crystal polymer and
a polymer as a matrix, a polymer having a small retardation is
suitably used.

The retardation of the matrix is obtained by measuring
the retardation of a polymer film produced under the same
conditions as those of the optically anisotropic film except

that the dye and the liquid crystal polymer are not contained

according to the Sénarmont method.

The retardation A nd of the matrix is expressed by the

product of the birefringence A n of the matrix polymer and the

thickness d of the film. It is not preferable to decrease the
retardation by decreasing the thickness of the film because this
adversely affects the handling of the film and the uniformity
of optical properties of the obtained optically anisotropic
film. To decrease the retardation, it is preferable to decrease

the birefringence of the matrix.

Generally, the birefringence A n accompanied with the



product of the birefringence A n of the matrix polyner and the thickness d
of the film It is not preferable to decrease the retardation by
decreasing the thickness of the filmbecause this adversely affects the
handling of the filmand the uniformtyt1of optical properties of the
obt:ai'ned optically anisotropic film To decrease the retardation, it is
preferable to decrease the birefringence of the matrix. Ceneral ly,

the biref rerpemees o rdf rtl%?ﬁl?ﬁ&izedswékbrébeed as the follewimgion of the
pal yner is expressed as the following expression (3) using an intrinsic
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d,ecrea'si Mqﬁéf%i%%e%&eo@?& R’éhg@golpég%ﬁ}ncl ude a nmethod using a

pol yrer | i ' i Rde **a nmethod mixing a pol yner
having positive intrinsic birefringence and a pol yner having negative
intrinsic birefrithgercéd ud Xefluce the app4dént intrinsic birefringence,
and a net hod decreasing the orientation function. Exanpl es of

pol yners havi ng gxdnfy dsh bk st kodd R HBELBESing e/ Barefringence of
pol ynmet hyl net hacryl at e derivatives such as pol ynet hyl net hacryl at e,

pol y- n- butyhagidiBaier dinlulel ¥-hethddivd 1) hagolly@le® @Rfse intrinsic
pol ygl ycol nmet hacryl at e; pol yacrylate derivativeS such as,
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intrinsic birefringence and a polymer having negative intrinsic
birefringence to reduce the apparent intrinsic birefringence,
and a method decreasing the orientation function.

Examples of polymers having a low intrinsic birefr:'i.ngence
include; polymethylmethacrylate derivatives such as
polymethylmethacrylate, poly-n-but;ylmethacrylate, poly-t-
butylmethacrylate and polyglycolmethacrylate; polyacrylate
derivatives such as, polymethylacrylate and polyetylacrylate;
polyvinyl acetate; polyvinyl butylate;
polyoxymethylphenylsilylene; norbornene-ethylene copolymer
(e.g. APEL manufactured by Mitsui Petrochemical Industries
Ltd.); resins comprising norbornene (e.g. ARTON manufactured
by Japan Synthetic Rubber Co. Ltd.); amorphous polyolefins (e.qg.
ZEONEX manufactured by Nippon Zeon Co., Ltd.); polyester resin
for optics (manufactured by Kanebo Ltd.}; and acryl-

butadiene-styrene copolymer {e.g. TOYOLAC Transparent Grade

manufactured by Toray Corp.).



pol yoxynet hyl phenyl si | yl ene; norbornene-et hyl ene copol yner (e.g. APEL
manufactured by Mtsui Petrochem cal Industries Ltd.); resins conprising
nor bornene (e.g. ARTON manufactured by Japan Synthetic Rubber Co. Ltd.);
anor phous pol yolef ins (e.g. ZEONEX mam@factured by N ppon Zeon Co.,
Ltd’); polyester resin for optics (manufactured by Kanebo Ltd.); and
acryl - butadi ene-styrene copol yner (e.g. TOYOLAC Transparent G ade

manuf act ured by ggreeé®rpolymers, polymethylmethacrylate, poly-n- 12
O these polyners, polynethyl nethacrylate, poly-n- butyl methacryl ate,

pol y-t - but yLEPIRAERYE A Bat &P IR Sut ydimethakeylapel, YiBEbopak)est er resin
for optics, anorphous polyolefin and acryl -butadi ene-styrene copol yner are

preferabl eethylene dfopoXyhér, GFoldyditetMesHiavicog ngéﬁ.éhz_eahﬂfphﬁﬁéc
birefringence and a pol yner having negative intrinsic i refringence can be

used as a pBiybXePin!ifa ofdivaldutadiin®Qsit9Resel tbpolfmapphee of the

pol ymer having positive intrinsic birefringence include polyvinyl
chloride, ppefy¥apyeidene fluoride, fluorovinylidene/trifluoroethylene
copol ynmer, “pol yet hyl ene oxi de, pol yphenyl ene oxi de and pol ycarbonate, and

exanpl es of the pohyPRird @ B0 gAYHer' favilly bBsici e’ ehekpepee i nclude

pol ynet hyl net hacryl ate and pol'ystyreéne. Wth respect to the m xture

of the pol yrBerPiNGE8cPOSd id/Polymer having negative intrinsic
birefringence can be used as a matrix of the optically
anisotropic film. Examples of the polymer having positive
intrinsic birefringence include polyvinyl chloride,
polyvinylidene fluoride, fluorovinylidene/trifluoroethylene
copolymer, polyethylene oxide, polyphenylene oxide and
polycarbonate, and examples of the polymer having negative
intrinsic birefringence include polymethylmethacrylate and
polystyrene. :

With respect to themixture of the polymer having positive
intrinsic birefringence and the polymer having negative
intrinsic birefringence, examples of combinations of the
polymers being compatible with each other and their mixing
ratios (weight ratios) at which the apparent intrinsic
birefringence is reduced are; polyphenylene oxide and
polystyrene, 20:80 to 30:70; polyethylene oxide and
polymethylmethacrylate, 30:70 to 40:60;
fluorovinylidene/trifluoroethylene copolymer and

polymethylmethacrylate, 5:95 to 15:85; polyvinylidene fluoride



intrinsic birefringence and the polyner having negative intrinsic
bi ref'ri ngence, exanples of conbinations of the polyners being conpatible ~ .
wi th each other and their mxing ratios (weight ratios) at which the
apparent intrinsic birefringence is retliced are; pol yphenyl ene oxi de and
pol ystyrene, 20:80 to 30:70; polyethyl ene oxide and

pol ynet hyl net hacryl ate, 30:70 to 40:60; fluorovinylidene/trifluoroethylene

copol yner s pdigmetiylnethabtaeiutal 159895t 021%5153;5;adrﬂ13|1364iy|‘\6&ldyd.ene
an

fluoride

pol ymet hy|d’f?1!d1%é"a&£de,pol?k@'ih?ngéhZ&-yB@@'ePOi5’-.\/95%,0 i de and
15:85 to 25:75.

pol ynet hyl net hacryl at e, O these, the conbination of

pol yphenyl ene oydendad, RakyebiibeAgt 8o sNpSOHENRIRIR Yxikd waghy! ene
oxi de and pol ynet hyl methacryl ate are preferabl’e. These conbi nations are

highl'y solydledvretfdl W@ the combifdtfoR®éHote Vet HAHRAT idd hd

orientation function, it is exenplified to stretch a filmconprising a

m xture ofpd yyRAIRetMAE 148 Hfe PrErsribediTiOLYBLnaRidis AW 2
l'iquid c#§sta conpound, Wth heating at a tenperature of above the

gIass-treu&%é§¥¥;gdyggqgaghrgoggehgg softening tenperature of the pol yner

and bel ow lting tenperature of the dye or |liquid crystal conpound.

ey oo Pl MR RS Bkl sn g o SonP B LR e
is exemplified to stretch a film comprising a mixture of a
polymer and a dye or a mixture of a polymer, a dye and a liquid
crystal compound, with heating at a temperature of above the
glass-transition temperature or the softening temperature of
the polymer and below the melting temperature of the dye or
liquid crystal compound.

Examples of polymers suitable for this method include
polycarbonate, .diacetyl cellulose, triacetyl cellulose,
polystyrene, ethylene vinyl alcohol copolymer, polyethylene
terephthalate and polyethylene naphthalate. Of these polymers,
polycarbonate, triacetyl cellulose, polyethylene
terephthalate and polystyrene are preferable.

Additives can be used for the purpose of providing with
the mechanical strength of the matrix polymers or improving the
adhesive property in their lamination on the LCD cell. The kind
and amount of the additives are not specifically limited unless
the object of the present invention is impaired.

Generally, a substance which selectively absorbs or



pol ystyrene, ethylene vinyl alcohol copolyner, polyethylene terephthalate
and pol yet hyl ene naphthal ate. O these polyners, polycarbonate, triacetyl
cel l ul ose, polyethylene terephthalate and pol ystyrene are preferable.

Addi tives can be used for the purpose ofgproviding with the nechani cal
strerigth of the matrix polyners or inproving the adhesive property in
their lam nation on the LCD cell. The kind and anount of the additives are

not speci fkeﬂéatge ANivQG B Qi@htté‘@r@ﬂ%taﬂ hhBea Pafifiiar @620 8 IS

I mpai r ed. nerally, a Substance i ch sel ectively absorbs or

14 refl egh$18qVl Yy .CwhiedBhsSiA ¥Mie idR@n38n2 RSHPcUnS Ha¥ingSancal | ed

a dye. Wiereas 1n this invention, a conpound having an absorption peak in

an U travi ghebrpt 8k r%é}geég@;aaag@ie\&amw 113RAPEGIOh Ik RRRknAPiAgUi Si DI o

light region 1s d IS esSential that the dye used

| n the preggnbpbouseld Ny3R381 Bt i 94nPeAkg I iish delankiasibl & region
but in theéﬁu%?éra o}rel?ngee%}?\ggl. %Tﬁe aggorpt%n peak vvz;'vel engtnh of the dye
i's preferaQ&g_betmeen 300 nm and 400 nm nore preferably, between 330 nm

and 380 nm It is also essential that the aspect ratio of the dye
O ent oty o' T35 A YA Beiihel o St el tavencidhe
structure giLhe, Ao e g PUa52hot! 1HCEHE Svisible region but in the

ultraviolet region. The absorption peak wavelength of the dye

is preferably between 300 nm and 400 nm, more preferably, between

330 nm and 380 nm.

It is also essential that the aspect ratio of the dye
defined in the first and third invention is 1.5 or higher.

The aspect ratio of the dye is obtained by drawing
optimized chemical structure of the dye. The chemical structure
is optimized by doing molecular dynamics calculation with a
computer. In this invention the major axis length of the dye
is defined as the longest inter atom distance of the optimized
chemical structure of thedyemolecule, and theminor axis length
is defined as the longest inter atom distance perpendicular to
the major axis of the optimized dye molecule.

In this invention, the chemical structure of a dye is
obtained by Chem 3D 3.0 (Cambridge Scientific inc.). The
optimization program of the chemical structure is MOPAC93
{Fujitu Co., Ltd.) , using AM1 as a parameter of the Hamiltonian

and default parameter as a convergence parameter.



I's optimzed by doing nol ecul ar dynam cs calculation with a conputer. In

this-invention the major axis length of the dye is defined as the |ongest
i nter atom di stance of the optim zed chem cal structure of the dye

nol ecul e, and the mnor axis length id%&efined as the |ongest inter atom
di stance perpendicular to the major axis of the optim zed dye nol ecul e.

In this invention, the chem cal structure of a dye is obtained by Chem 3D

3.0 (Canbridge S%'%ta;é Gedif- ﬁgbtmﬁ?ﬁe@a "B o) o Q9G8R 9bnt SRogdem cal

structure is MOPA (Fujitu usi ng as a paraneter of the

Ham | t oni ag; . def aul t
1 g T 4 g P e SRR SRR i i

15 ourth rnventiton s

di chr ol Sm 41084 Ul tAL! Palo 'FOLAL alitril ,{éygkcaan% il S%b9§£¢g£9nby the

rati o of t Sor bance a nmaxi mum a eng e nmj or

axis di .recvfzéf?g%gﬂ?‘{ﬁ nd}éﬁerﬂ?éf&i'”agﬁrsg r%%@l %(%rg %Q%é ol BB udLEEL %' on

per pendi cul'a e “maj or ratro-can

obt ai ned b@%@ﬁ;ﬂ;@%&hﬁ &%S&;P&gggoa gﬁ&{agnwﬁ £EoSAl pagonand the

perpendlcu I'on~ Whén €-as e

over —— f‘%%ogasmxc 30 LORISe Dbk kAL P pLLERL hgvept | on and

of the sec%ﬁ ié esse nanner t he

optically S‘Q%égééxg% x{'én@l 250 Ca%c*ﬂér&'ﬁéﬁfte%d QR R4 Bérégx?dic?ﬁ'iéxb

i nvention ar
direction when aligning the dye as the order parameter is over

0.8.

The optically anisotropic film of the first invention and
of the second invention are essentially identical. In the same
manner the optically anisotropic film of the third invention
and of the fourth invention are essentially identical.

When it is difficult to observe the dichroic ratio of a
dye by its poor orientation, a dye usable in this invention is
prescribed by the aspect ratio defined above.

The aspect ratio of thedye in this invention is preferably
between 1.5 to 20, more preferably between 1.8 to 15. The
dichroic ratio of the dye is preferably between 2 and 50, more
preferably between 3 and 30.

Examples of dyes satisfying these conditions include
benzotriazol series, benzophenon series, pyrazoline series,
diphenyl polyene series, binaphthyl polyene series,
biphenanthrenyl polyene series, styrylbenzoxazol series,

stilbene series, benziden series, benzothiazole series,



.

When it is difficult to observe the dichroic ratio of a dye by its poor
orientation, a dye usable in this invention is prescribed by the aspect
ratio defined above. The aspect ratio of the dye in this invention
is preferably between 1.5 to 20, nore pgeferably between 1.8 to 15. The
dichroic ratio of the dye is preferably between 2 and 50, nore preferably

bet ween 3 and 30. Exanpl es of dyes satisfying these conditions
include b tri I S n S e ri

di pheny! gﬂr%‘%ﬁéé 2l 5 ?flggﬁae%ﬁﬁiﬁ%%ﬁ§§ﬁ§é% S MR SRR

pol yene serles ty Ibenz Xxaz series | ben J es, ben2|den series,
benzot hi azdi& Jsesr, @g)ﬁ.noazo enzce)ne Series, céumaxe sedics, 16 benzoxazol

, b d b
Serioe coMmH SRSy sHRER L SR FRECECH R i RE FIACREs of
dyes of t hese . seri £ fluor htenln agents and

d
ul t ravi ol etsSFIESr besgeﬁggﬁﬁﬁgﬁ %‘?’éﬁ‘f?ngeﬁ’srn]ﬁlt 13‘*&&&8 ?ﬁ? 5Bl §néused
A d t hat t th b di.t. b th
o osent | npUEAo Nk BT REDRHS GFOL HRBLH TR LGB AT S ALRS TRt

I nvention are<fhomn in Table 1 with their dye nunber listed in Dye
Handbook (P#i%°shed by Koudansya Scientific, 1986).

Any dyes that satisfy the above-mentioned conditions can
be used in the present invention. Examples of dyes which can
be used in the present invention are shown in Table 1 with their
dye number listed in Dye Handbook ({published by Koudansya
Scientific, 1986).

[Table 1]

2005] 10112} 14722] 15066] 27503] 73004] 73105 73302
5701{ 10113| 14731} 15067 32002; 73005( 73107; 73311
5702} 10114! 14501} 17011; 32207! 73006} 73108] 73401
5703 10311! 14913] 21006! 34005} 73007; 73111} 73403
5704{ 10312| 15001 21007{ 51113| 73008{ 73112| 75002
5705; 10313] 15006} 21231| 61032] 73009} 73115 75003
10001| 10314 15007 21232 61051{ 73010| 73123| 75015
10002} 10323] 15008] 21237 61081 73011} 73201, 75020
10003} 14502| 15009 21247 70008{ 73012 73203] 76101
10004 14511] 15061 21332 70107! 73013| 73205| 76102
10101} 14512! 15062} 21414| 70110} 73101} 73206
10102} 14711 15063| 21424| 73001] 73102] 73211
10103] 14712{ 15064 22204, 73002} 73103} 73212
101111 14721} 150651 24113; 730031 731041 73301

The liquid crystal polymer will be described used for an
optically anisotropic film according to the third and fourth
invention, i.e. an optically anisotropic film comprising a
mixture of a dye, a liguid crystal polymer and a polymer.

The liquid crystal polymer preferably shows nematic or



[ Tabl e 1] 2005 10112 14722 15066 27503 73004 73105 73302

5701- 10113 14731 15067 32002 73005 73107 73311 5702 10114 14901
17011 32207 73006 731081 73401 5703 10311 14913 21006 34005
73007 73111 73403 5704 10312 15001 21007 51113 73008 73112
75002 5705 10313 15006 21231 61032 73009 73115 75003 10001
10314 15007 21232 61051 73010 73123 75015 10002 10323 15008

730121 73208 R0t 4% oy Ve eogt 1L act At Ao

76102 101 14512 15062 21414 701101 .73101 .73206 02 . 14711
15063 214? °W‘P366‘&at’7%f625m%”211‘1P}’aselbiﬁeffﬁ?%x bédf%?n 2%9(]5%1 apdno2

73103 73212 10111 147211 15065 24113 730031 731041 733011

The 1i qui d 2gy <€ Al mdaad faMablyhe véeseenbed3 us€dah@r150m “Copanaal |y
anisotropic filmaccording to the thi rd and fourth invention, i.e. an
optically anlsotropl fllmco risin m xt ure a_ dye, aI| uid crystal
pol ymer an®3FtigRy iy preferallg, |t EP?S%%‘P @ol VUil FEFSHAY shows
nemati c or smecti c phase. The

t enper at ur @odtymhrischavhugIthpniabomefdwlcribledwsempemtwre)rrmtdam pkRase is
preferably between -30 [err]C and 200 [err]C, nore preferably, between -30
[err] C andubed [énglg, endinpaixtwrearly preferably, -30 [err]C and 120
[err]C. Liquid crystal polynmers having the above-described tenperature
range can be us@Hesiiyiid cuystalrpodiymwer used in thkeptéspntl investabnpol yrer
used in the present invention has a high nolecular weight as a liquid
crystal andaisnel hilgh melemldr wrightakised Liquid arysital aod dacdndes
preferable lower |limt of the nolecular weight or the degree of
pol yneri za@ilswe theone called liquid crystal oligomer. A preferable lower
limit of the molecular weight or the degree of polymerization
of the liquid crystal polymer is defined in view of the phase
separation from the matrix polymer and a preferable upper limit
of the molecular weight or the degree of polymerization is
defined in view of light scattering. That is, when the
molecular weight is too high, the particle diameter of the
mixture of the phase-separated dye and liquid crystal polymer
exceeds the wavelength of light in the matrix and light
scattering occurs, and it is not preferable. When the molecular
weight is too low, the phase separation does not readily occur
and the liquid crystal does not orient, and it is not preferable.
The number-average molecular weight of the liquid crystal
polymer used in the present invention is preferably between 1200

and 10000, and more preferably, between 1500 and 6000.

Examples of liquid crystal oligomers used in the present



of the liquid crystal polyner is defined in view of the phase separation
from-the matri x polyner and a preferable upper Iimt of the nolecul ar

wei ght or the degree of polynerization is defined in view of |ight
scattering. That is, when the nvolecul at8weight is too high, the particle
di aneter of the mxture of the phase-separated dye and |iquid crystal

pol ymer exceeds the wavel ength of light in the matrix and |ight

scattering 0gc d it Jds_not .preferable. VWen the.mlecul ar ight is
Too | ow ¢ rbaetof dhdinde o8 aB ShFLF ALl SRR RA SRR, o
crystal does _not .orient, and it i ot preferabl.e. A !

nu?/mer - aver’%f’g]er"rﬁ}f%?égu icd:P{tStS‘? ‘%r}ﬁ@q%\ecfm S&P%’FBFJ‘”&&I%C{%%%&% n the
present invention is pref rab% g;tmeen 1%00 nd .10000,. and.nore .

br of er abl y, OLRITREd L5 BEehRTaRbpPecause 1tg mafeontan waightyis sAR LY

ol igonmers used in the present 18

i nvention |5t %fé;ck%chain liquid crystal oligonmer and a nmain-chain

or & a1 bcae? SRSB R Rakhhdth S g o Lok 15
exanpl e of the side-chain ligyid crystal oligopmer is expressed by the
fol | owi ng f%ﬁﬁﬁﬁ%fﬁqésy %hﬁwﬁgiIOWlng f°Fﬁuiﬂe( btmula, Ais a group

expressed by formula (5) or

R—?——sp l""Arr—'SD z—Arz—éSD 3""'”39’8 3]
k

In the formula, A is a group expressed by formula (5) or
{6) shown below.

In the formula (5), -Si-0- is themain chain of the 'formula
(4). This chain may be cyclic or linear. |

Inthe formula (6), ~C~CH,~ is themain chain of the formula
(4), and COO group bonds to Spl.

In the formula (4), when A is expressed by the formula
(5),Ris alkyl.'or phenylene group having one to six carbon atoms.
In the formula (4), when A is expressed by the formula (6) ,
R is alkyl or alkoxy group having one to six carbon atoms.

Inthe formula (4), Arl, Ar2 and Ar3 are each independently
1,4-phenylen group, 1,4-cyclohexylene group, pyridine-2,5-
diyl group, pyrimidine-2,5-diyl group, or the derivatives of
these groups.

Spl is alkyl or alkoxy group having two to eight carbon
atoms. Sp2 and Sp3 are each independently -C00-, -0CO-, -NCH-,

~CHN-, -CH,~-CH,~, -CH,-O-, -O-CH,-, -N=N-, single bond



(6) shown bel ow. In the formula (5), -Si-O is the main chain of the
formuala (4). This chain may be cyclic or linear. In the formul a
(6), -CGCHerr]- is the main chain of the formula (4), and COO group bonds
to Spl. In the formula (4), whenl® is expressed by the fornula (5),
R i s "al kyl or phenyl ene group having one to six carbon atons. |In the
formula (4), when A is expressed by the formula (6) , R is alkyl or alkoxy

group havi pgofpespendixg ¢/ e diredt bond of AdlNahd ArR0sAlr2 4rd Ardn}, Ar2
and Ar3 are each 1 ndependently 1, 4-phenylen group, 1,4-cyclohexyl ene

group, pyrpgi Beglovp efpiés P Ly werlfmtiloaﬁn% &o&mniagr(owp, jorig hen

derivatives of these gr oups. Spl is al Kyl or al koxy group having two
to eight Ciﬁ’eeaeraé Y1 &%%@r FOSpnEs w&hbnaseeasexs@ﬁd ofCAP2, an@CO-,

- NCH-, [ err] [ err] -CHerr]-O, -OCHerr]-, -N=N, single
bond 19 (corresponding to the direct

bond of Arl)and Ar2 or Ar2 and Ar3), or a group expressed by the foll ow ng
formula (7). k ig ﬁ‘cy‘aﬁ%egféuﬂ HaTodésr aq%&eéeomeowg{( Plhaeshgbond of

Ar2 and B). i's cyano group, 'hal ogen al kyl or "al’koxy group haV| ng

one to si Xoﬁar&pglﬁt%onaswﬁet 2ctyldRe GFoll] BICHLREErll AP grohpl |
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These side-chain liquid crystal oligomers may be used
singly or being mixed. The side-chain liquid crystal oligomer
is not necessarily an oligomer having single kind of side-chain
but may be a copolymer or co-oligomer having different kinds
of side chains.

There is an upper limit in the mixing ratio of the dye
and/or liquid crystal polymer to the polymer matrix. This is
because if the mixing ratio is too high, the mechanical strength
of the optically anisotropic film decreases to make its handling
difficult. Moreover, if the mixing ratio is too low, the

optical properties of the 6ptically anisotropic film are not



These side-chain liquid crystal oligoners may be used singly or being

m xed. The side-chain liquid crystal oligoner 1is not necessarily an

ol i goner having single kind of side-chain but nay be a copol yner or
co-oligoner having different kinds of Z0de chains. There is an upper
limt inthe mxing ratio of the dye and/or liquid crystal polyner to the
polymer matrix. This is because if the mxing ratio is too high, the
mechani calsst issfnigedy, anfd tite isphbtapkgfenabdberopi c fil m decreases to make
its handling difficult. Mdreover, if the mxing ratio is too |low, the

optical propertiwermnftichdyepiccaikgdanitht theimatrixnpolyment, the
20 satisfied, and it is not preferable. When the dye is mxed with

the matrixcdndentratidie ofceheadie qidyen /QEulmhef ditee [dheecah@stiie alatidiex dye and
the matrix polymer)] is preferably between 0.01% and 20% by wei ght, nore

Er ef er abl >pso1l3ﬁﬁ i6. pYesagaB byoButweRing bt 018nsh@ a0y byl Reiyht preimes abl y,

etween 0.5 % and 12% by wei ght. When the dye and the liquid crysta

pol ymer argrefesatbW ! lbetween 0.1% and 15% by weight, and particularly
preferably, between 0.5 % and 12% by weight.

When the dye and the liquid crystal polymer are mixed with
the polymer matrix, the concentration of the dye [dye /(sum of
the dye, the liquid crystal polymer and the matrix polymer)]
is preferably between 0.01% and 20% by weight, more preferably,
between 0.1% and 15% by weight, and particularly preferably,
between 0.5 % and 12% by weight. The concentration of the liquid
crystal polymer {ligquid crystal polymer /{sum of the dye, the
liguid crystal polymer and the matrix polymer)] is preferably
between 0.01% and 20% by weight, more preferably, between 0.1%
and 15% by weight, and particularly preferably, between 0.5 %
and 12% by weight.

The configuration of the dye or the dye and 1liquid crystal
polymer in the optically anisotropic film according to the
present invention will be described.

Intheoptically anisotropic filmof the present invention,
the dye or the dye and liquid crystal polymer may be sebarated
from the polymer matrix and form a domain. They may be also
compatibilized with the polymer matrix.

The dye may be adsorbed to the polymer or the polymer and liquid



the polynmer matri x, the concentration of the dye [dye / (sum of the dye,
the I'iquid crystal polyner and the matrix polyner)] is preferably between
0.01% and 20% by wei ght, nore preferably, between 0.1% and 15% by wei ght,
and particularly preferably, between 02% % and12%y wei ght. The
concentrationof theliquid crystal polymer [liquid crystal polymer /(sum of
the dye, the Iliquid crystal polynmer and the matrix polyner)] is preferably
bet ween 0. 8tystall BOWybgrvweWhdthentrhe phefsr separattdongethe. 1% and 15% by
wei ght, and particularly preferably, between 0.5 % and 12% by wei ght.

The confi ggompatibhlisatioyomthehadsyeption ldogmrd ,ciysdependwionrehei n t he
optically anisotropic filmaccording to the present invention wll be
descri bed. combinationt 6 théidpd) \tirnimdiyneni and ktreofl itthédpeegshal

i nvention, the dye or the dye and liquid crystal polymer may be separated
fromthe ppbypRerpatrix and forma domain. They may be also conpatibilized
with the polynmer matrix. The dye may be adsorbed to the polynmer or the

pol yner andnlgiiibptically anisotropic £ilm of the present invdntien ysheh
pol ymer. Whet her the phase separation, the conpatibilization or the

adsor pti onthe@yesorithelgpe agd Di‘qti:hfcrgEﬁbl PRiliyaierolis phasa@yeephlratpal yner

and the liquid crystal polyner, In the optically anisotropic filmof the
present inygnthéhatwi&nto tfeandy icraiin)esdyeteéping icfuvdls £byé talgiomygyer i s

phase- separ at ed
occur at the interface of the domain and the matrix.
It is preferable that the internal scattering due to the
scattering at the interface is small. This is because the
polarization state of the scattered light changes, and if the
internal scattering is high, the characteristics of the film
may be worsened and the transmittance of the visible light may
be decreased.

Intheopticallyanisotropicfilmofthepresentinvention,
when the dye or the dye and liguid crystal polymer are
compatibilized, or when the dye is adsorbed to the polymer or
the polymer and liquid crystal polymer, conventional
compatibilizers can be used.

In the optically anisotropic filmof the present invention,
when the domain of the dye or the dye and liguid crystal polymer
is formed,
the major axis length of the domain is preferably between 20
nm and 500 nm, and more preferably, between 30 nm and 400 nm.

The retardation (measurement wavelength 546 nm) of the



in the matrix to fforma domain, scattering of visible light my occur at
the interface of the domain and the matrix. It is preferable that the
internal scattering due to the scattering at the interface is small. This
i's because the polarization state of éﬁe scattered |light changes, and if
the- internal scattering is high, the aracteristics of the film may be
wor sened and the transmttance of the visible light may be decreased.

In the optically.anisotropic, fil.mof _the present Lnvention, .when.the dye
of the ayeragalifuratestEasic slpar e BrbRy, VNG LR HEE A he e
I s adsorbed to the polynmer or.. t al r and Liquid cry. ol r,
convent i ol Ve%ﬁﬁhﬁfr‘ Cﬁ?%f%t}&eaﬁﬁg'g %%gg_tween !-,bq% ?rhé Z(S)[{)@ rfgtf Iaé’rae
anisotropic filmof the present inventjo when the donain of the dye or
t he dye aeaeﬁreaaP§Ycr9§F§Peﬁo%99re‘?m ?‘EA f&qped‘,m' the major axis |ength of
the domain is preferably_between 20 nmand 500_nm and.nore preferably,
bet ween 30 nm afd %b6 ﬁ%@ex which ﬁ?@"f%t%%é{ai"&%eflﬁﬁgs LERERE1RBV_Fengt h
546 nn) of the . . . . ] 22 . opt.iically
ani sot r opFEtREARLIPATtRE eREAEaL LY BRLSOR roPAGEd M P L thiE J\Pé'reﬂptc‘éﬂn'
direction to the filmis between 50 nm and 3000 nm and preferably,

bet ween l@benwaing 250® given in the fglibwingdegquakiem Thoweedhe wavel ength
di spersi on of

a=R,/R,
wherein R, is the value of retardation determined with F line
(wavelength: 486 nm) of hydrogen, and R, is the value of
retardation determined with D line (wavelength: 589 nm) of
sodium, viewed in the vertical direction to the film according to
Sénarmont method.

The value of @ of the optically anisotropic film of the

present invention is preferably between 1.061 and 1.300 and more
preferably, between 1.065 and 1.250.

The ratio R,/R, is used as an index of the optically
anisotropic film having an excellent viewing angle, wherein R,
is a retardation value of the film measured in the vertical

directiontothefilm and R,, is a retardation value of the £ilm measured
when the film is inclined at 40 degrees to horizontal about the
slow axis of the film. In the optically anisotropic film of
the present invention, the ratio is preferably higher than 0.900
but lower than 1.100. The ratio may be determined according

to the viewing angle dependence of the liquid crystal cell used



retardation of -the optically anisotropic filmof this invention, t he
value of a given in the follow ng equation is used: [err]
=R[err]/Rerr] wherein R err] is the value of retardation deternmned with
F line (wavel engt h: 486 nn) of hydrog2B, and Rerr] is the val ue of
retar’dati on determined with D line (wavel ength: 589 nm of sodi um vi ewed
in the vertical direction to the filmaccording to Senar nont net hod.

The val ue ¢f eombihieioRtwieh |thengigi.ropic filmof the present invention
is preferably betweenl. 061 and 1.300 and nore preferably, between 1.065

and 1.250. A mellRd gbr priRIRIdingE e 'dpt cd13§danssabrbpsetdim blte
optically ani sotropic filmhaving ‘an excell ent "viewi ng angle, wherein

Rlerr]  igpa gséaéﬂetiweﬂ@iw Wil e fdds®ripagured in the vertical
direction to the filmand Rerr] is a retardation value of the film

measured when e fddiidan1y18hiB6erahid %k Ha06e0ENs HAdrROINIEREGH! 1 he

slow axis of the film In the opticallTy anisotropic filmof the present

| nvent i on, c&HebéaéEQaiﬁecPrtﬁéf ‘i{i@ﬁ'né_ i ﬁB?gmtéﬁa@iQh WD YydYr LWAWR at age 1.100.

The ratio nmay be determ ned according e view ng angl e dependence of

the 1iquidagg i f eryst889pol forming them i £il dtRap N
conbi nat i oﬁ W t @%Jhe%Hylsm dpo ymerA, mgt cJ)' gf orenp‘)rlg(}l?ciangltr% a(§1pt i caPI y

oot e T EaFek oo LA, PLAPC(ol AN SolechBedoRihitia to ax T
first production method). _

The optically anisotropic film can also be obtained by
forming a film , stretching the £ilm, and then adsorbing a dye
on the film (hereinafter, sometimes referred to as second
production method).

As a first production method of the present invention,
to mix the dye or the dye and the liquid crystal polymer with
the matrix polymer, it is preferable to mix them in a solution
state so that they are uniformly mixed. A specific method is
such that the polymer is suspended or dissolved in a solvent
and the dye or the dye and the liquid crystal polymer are
suspended or dissolved in the solvent to mix them with the
polymer. The solvents used in the present invention preferably
h&s high solubility to the polymer.

Examples of production methods of the £ilm comprising the
dye and the matrix or the film comprising the dye, the liquid

crystal and the matrix include: solvent casting method where

the dye, the liquid crystal and the matrix polymer are dissolved



can be obtained by mxing a polyner with a dye or wwth a dye and liquid
crystral polyner, formng theminto a film and then stretching the
film(hereinafter, sonetinmes referred to as first production method).
The optically ani sotropic filmcan al s@$e obtained by formng a film,
stret’ching the film and then adsorbing a dye on the film (hereinafter,
sonetines referred to as second production nethod). As a first

productiony H"at{_@ﬁré’&t hHE dAs’S it AR h@fhod WRe PRt Heliat/ei £ s bBengye and

the liquid crystal polyner wi'th the matrix polymer, it is preferable to

mXx themigogs Oﬁyé'ma@é@ta%dseo&ﬂaa LREY 2761 M0 IHyORtuliingd fromsgeci fic

nmethod is sucﬁ that the polyner 1s suspended or di'ssolved in a sol vent

and the dyg;gt éQi—‘e{M fﬂ%&qlda q}ﬂe‘i‘ecﬁ:ﬁét ghteewgrbeiﬁ SYBPENgled or

di ssolved rn the so o mx the pol ymer. The sol vents used

in the pregﬁprogucaatf&}néq]ﬁg@& ghe 3 eﬁféﬁﬁéﬂﬁaﬁh !}b'rlfsy AR Pesegha[f

Exanpl es o tion net of t m conpr 1 |ng e an

matri x or ﬁﬁ' Jyﬁﬁ matri x

i ncl ude: s‘t(x)l gen s{| Bb%é % %{%ne?%e % écfg/q‘%%heqfl qu?% ??gs%g gand t he
matrix pol éfe{:héég %ér?é’&é’ e%o ven castJ.nlg method whic J.ves an 24 ina
sol vent and cas rusi on where the materi a solid are

kneaded andefof gt | i & 4&&;%&9 w@b&glaaowprgfsmsféendar' ng met hod

where the erng so
If the film is too thin, the mechanical strength_is badly

affected, and if the film is too thick, the evaporation speed
of the solvent when the film is produced by solvent casting

decreases to worsen the productivity. The thickness of the

produced £ilm is preferably between 20 4 mand 500 4 m, and more

preferably, between 50 4 m and 300 4 m.

As to the 2nd production method of the optically
anisotropic filmof the present invention, a dye may be adsorbed
on the film obtained as the same manner of the first production
method except not mixing a dye.

Examples of adsorption method of a dye include a method
of dissolving a dye in a solvent which is a poor solvent for
a stretched film but is a good solvent for the dye, and
impregnating the dye into the stretched film in the dye solution,
a method of melting a dye at a temperature below the softening
temperature of the film and above the melting temperature of
the dye, and impregnating the dye into the stretched film in

the melt of the dye, a method of impregnating the dye powder



kneaded and fornmed into a filmby calendaring rolls; and pressing nethod
where the materials are forned into a filmby pressing. O these nethods,
sol vent casting nethod which gives an excellent filmin thickness
precision is preferable. If theZgImis too thin, the nmechani cal
strefgth-is badly affected, and if the filmis too thick, the evaporation
speed of the solvent when the filmis produced by sol vent casting

decr eases jiimroMpheetirdecheaddétimyi ty. The thi ckness of the produced film
is preferably between 20 [err] mand 500 [err] m and nore preferably,

between 50 [errhsmtaedmébfofefél $tretching Athd Pridamcadad fanedwithon net hod
of the optically anisotropic filmof the present invention, a dye nay be

adsorbed neatiigy,f ithe ghmal netheds t figy SBetused fr ahhd ptiilcaglypr oducti on
met hod except not m xing a dye. Exanpl es of adsorption nethod of a

dye incl udg isotiiopde £fafimdi 680tNeNPréséye ifventsidn Dthethithan $he poor
solvent for a stretched filmbut 1s a good solvent for the dye, and

| npr egnat igyd iidag 19Y Bnli BbOrépec ANt aBedestt Mbéd itne10yS S Wvatiplesa Net hod

of nelting a dye at a tenperature below the softening tenperature of the

filmand @@‘tﬁetﬁétﬁ&héiiﬂﬂzlﬁﬁ@)ﬁéﬂ{:éfesﬁetémgiYQolﬂr@tfé‘ﬁlgﬁ[?taﬂn@g the
0

dye into the stretched filmin the nelt of the dye, a netho .
| Npr egnat igg it BSmﬂi‘és@%‘ﬁl@trettching. In view of the uniformity of théd Into

the stretched film As the mrethod for stretching the produced film
with film surface, tenter stretching and roll stretching _are
preferable.

There is no specific limitation to the film heating
method.

As a stretching method for the optically anisotropic film
as described in [11], known methods may be used. For example,
the following methods may be used: (A) a method where the f£ilm
produced by the above-described film production process is
uniaxially stretched and as shown in JP-A~6-~300916, at the time
of the heat relaxation at the glass-transition temperature or
the softening temperature, the uniaxially stretched film is
shrunk in the direction of the stretching while suppressing the
stretch in a direction in parallel with the film surface and
vertical to the stretched axis; (B) a method where the film
produced by the above-described film production procéss is
uniaxially stretched, a heat-shrinkable film is laminated on

at least one of the surfaces of the uniaxially stretched film

so that the axis of the heat shrinkage of the heat-shrinkable



heating, the sanme nethods may be used for the optically anisotropic filns
of the present invention other than the optically anisotropic film as
described in [11], and exanples of the nmethods include tenter stretching,
roll stretching and roll conpression s28etching. In view of the uniformty
of thHe filmsurface, tenter stretching and roll stretching are

pref erabl e. There is no specific limtation to the filmheating

net hod. film f$ pergemiichilag oetthdsteetthéngrixizablfyt e ivndfaxd@ldyf i | m
as described in [11], known nethods nay be used. For exanple, the

fol l owi ng ERireedhedpioDpmes el Anda tifet bbdathed elimindtion ipr ddated by the
above-described filmproduction process is wuniaxially stretched and as

shown in JRoAbE- 8@A8LEhrahkéhs dnde(cpla titHiRpwhedlegxaksi ehowh the
gl ass-transition tenperature or the softening tenperature, the uniaxially

stretched fiplpss159b1unka heathehdinrebi@Eiain i5a iireitdd bg atilleast
suppressing the stretch in a direction in parallel with the film surface

and verti gale &f thtesetfatehod eifé TilmPprédicéddy vhe addvie ddsicnibegoduced

by the above-described film production process iS wuniaxially stretched, a

heat - shri “'f%b.he?fbélﬁ‘&ifﬁoﬂ PFoeakads®thatt theasdaORhrahkade s¥isasesnef the
uniaxially stretched film so that the axis of the heat shrinkage of the

heat - shri nga@kesnrinkable film is perpendicular to the€&trdtdHind axis
perpendicul ar to the stretching axis of the uniaxially
of the uniaxially stretched polymer film and the obtained
lamination is stretched.

Of these methods, the methods (A) and (B) are preferable
in view of mass production capability and cost.

While any of the above-described methods may be used to
uniaxially stretch the £ilm, in view of the controllability of
the refractive index in the direction of the thickness and the
uniformity of the retardation within the film stretching
between rolls and tenter stretching are preferable.

The heating temperature in sfretching the film by these
stretching methods is decided according to the softening
temperature of the matrix polymer used and the transition
temperature of the dye and the liquid crystal used.

If the stretching ratio is too low, the dye and the liquid
crystal are not sufficiently oriented and if the magnification
is too high, the film is so thin that it is difficult to handle
it. Specifically, the stretching ratio is preferably between

1.1 to 20 times, and more preferably, between 1.2 to 15 times.



stretched polyner filmand the obtained lamnation is heated to be

heat =shrunken; and (C) a nethod where, as shown in JP-A-5-157911, a
heat - shri nkable filmis I am nated on at | east one of the surfaces of the
fil mproduced by the above-described f27m production process so that the
heat *shri nkage axis of the heat-shrinkable filmis perpendicular to the
stretching axis of the uniaxially stretched polyner filmand the obtained

l'am nation is sthgleglesre no specidid Dﬁﬁfté@i&%j%o the siebiedsngApasi (B)

are preferable in view of nmass production capability and cost.

Wi e any Qind R& aavecdesng ’EEEIFEESE'QH& BYePoriis agt fed cridhigaxi al Iy stretch

the film in view of the controlTability of the refractive index in the

direction Girgfied &MROPIMRRG bPeryEnifeEdtionof the retardation within
the filmstretching between rolls and tenter stretching are preferable.

The heating tenpesghyr 'émdeifné {:Qhéf‘gtﬁé‘e%p éé’ﬁtpyu{xhﬁﬁﬁonswlﬁtlcm ng net hods

I s decided according to teni ng erature of the matrix poI yrrer

veed W%l“%fﬁ?&%ﬁ%b%??fﬁh‘? Ii%%’ﬁq‘%%n%ﬂdﬁf S o

crystal arq._l.{g}t ufficiently oriented and if the magnlflcatlon I's too
high, the filmis so thin that it is difficult to handle it. Specifically,

the stretching rahju0si ,;qto‘f‘fleg{;fbéﬂé PeINEE _rybthil o fhds WRS ¥ YHRSL

preferably, bet vveen
27 based on an elemental analysis, an infrared absorption spectrum

and a 'H-NMR spectrum, and the molecular weight thereof was
confirmed based on gel permeation chromatography (GPC).

The retardation of the optically anisotropic f£ilm of the
present invention was measured according to the Sénarmont

method with a polarized microscope having a monochromater
(TFM120-AFT manufactured by Oak Seisakusho) by use of a A/4

plates of 400 nm, 420 nm, 440 nm, 460 nm, 480 nm, 500 nm, 525
nm, 550 nm, 575 nm, 600 nm, 650 nm, 700 nm and 800 nm.

The value of a defined by a formula (1) expressing the
wavelength dispersion of the optically anisotropic film was
calculated by the formula (1). Specifically, curve fitting of
the retardation measured according to the Sénarmont method was
performed by use of the Lorentz' formula (expression (8) shown
below), the retardation values at 486 nm and 589 nm were

calculated by the expression (8) by use of the fitting

coefficients obtained as a result of the fitting, and a was



There are no specific limtations to the stretching speed' and to the -
cool bng tenperature after the stretching. PREFERRED EMBODI MENT OF THE

| NVENTI ON Wi | e enbodi nents of the present invention

Wil |

herei nafter be described, the present 28ention is not limted thereto.
The- structure of the liquid crystal polyner was confirnmed based on an
el enrental analysis, an infrared absorption spectrum and a [err] H NWR

spectrum aRdchated sgutpe 'g@gsi@@r@gﬁ,mas confirmed based on gel

per meati on chromat ography (GPC).

e retardation of the optically

anisotropiqguﬂr@ggﬁohhg} present invention was nmeasured according to the
Senarnmont nmethod with a polarized m croscope having a nonochromat er
(TFML20- AFT manuf actured by QCak } 3 of a[err]/4 plates of
400 nm 420 nm 44 my 480 0 np_50$_nny_§25 nm nm 575 nm
600 nm 650 nm éog ﬁn1%nd 88%1NZ% ¥ A The Avalue of a Zgg?ned by a
formula (1) expressing the wavelength dispersion of the optically
anisotropic filmwas calculated by the fornmula (1). Specifically, curve

fitting of Int Hder Soxmuaai 68) nedsised messnuedgwavelengtSondt (b

Nt ise®hod was

performed by use of the Lorentz' formula (expression (8) shown below), the

retardati O&ef‘ﬁ'fd%%}?:h é‘@@h@rﬂéga;}%r%%gwm%\%éﬁ%ggl, a%s’éﬁée?l b«?{r

i'clents a result

t he
é}fggients.

(8) by use o
fitting, and
co

tting co

égﬁrﬁﬁ@b688|on

The viewing angle dependence of the optically anisotropic

film was evaluated by measuring according to the Sénarmont

-method the retardation viewed in the direction of the normal

of the film and the retardation obtained when the f£ilm is

inclined around the slow axis of the film with 546 nm light by

use of a polarizing microscope having an inclination jig.

Example 1

Cyclic siloxane oligomer (nematic phase;

nematic/isotropic phase transition temperature 121

uC;

polystyrene reduced value average molecular weight 2030)as a
liquid crystal oligomer, a fluorescent brighter (Whitefluor PHR
manufactured by Sumitomo Chemical Co., Ltd.; absorption peak
at 375 nm;-and aspect ratio 4.6) as a dye and

polymethylmethacrylate (Sumipex MHF manufactured by Sumitomo
Chemical Co., Ltd., glass-transition temperature 122 °C) were

mixed at a ratio of liquid crystal oligomer : dye :

polymethylmethacrylate = 0.9 : 10 : 90 {weight ratio). The



28 cal cul ated by the expression (1). [Expression 8] [err] In the
formrda (8), [err] is a neasured wavel ength, R([err]) is a retardation at
t he neasured wavel ength, A B and [err] are fitting coefficients.

The view ng angl e dependence of the optgeally anisotropic filmwas
evaluated by measuring according to the Senarnont nethod the retardation
viewed in the direction of the normal of the filmand the retardation

obt ai ned WyghtiRe hibMissolvid inGhedN M otiaW 8iass ¢b bbe2dd Iagnvw' th

546 nmlight by wuse of a polarizing croscope having an inclinati jig.

Example 1 weiggfé%ﬁ%ié‘as'séi ne ShIPHEA JdMGIEL 'gﬁoﬁhﬁs%ass p%]late' a

nematic/isotr se transition tenperature 1 err ystyrene
reduced val aver.a nol.ecul ar lght 2030)as .a Jliquid,crystal oligomer,
a fluor escguﬁﬁmm*ﬂhggrhlﬁmeﬁgf‘?%wb PR WA q"fc‘ﬂﬁdeom%ﬁgégﬁisﬁ:&%c%ﬁé’m cal
Co., Ltd.; absorption peak at 375 nm and aspect ratio 4.6) as a dye and
pol ymet hyl nethgetdy &t g o0StD] peeriddy obrairiiy aadopyialiy @i sotepieal Co.,
Ltd., glass-transition tenperature 122 [err]C) were mixed at a ratio of

l(:,\g:“gﬁtcpéﬁlglj“ Wl Y derhed nyPChY"BoMulT ML A S 09 ¢ 10 - 90

By using the obtained optically anisotropic film in
combination with a fast response STN cell, an excellent
black-and-white display is achieved.

Comparative Example 1

An optically anisotropic film is obtained in a similar

manner to Example 1 except that no fluorescent brightener is

mixed. The value of @ of the obtained optically anisotropic

film is 1.082 and the wavelength dispersion is low compared with
Example 1 where a dye is mixed.
Example 2

Ten parts by weight of a fluorescent brighter (Whitefluor
B manufactured by Sumitomo Chemical Co., Ltd.; absorption peak
at 369 nm, and aspect ratio 1.9) and 90 parts by weight of
polycarbonate resin (Panlite C-1400 manufactured by Teijin
Ltd.) were dissolved and mixed in methylene chloride so as to

be 20% by weight. By casting the obtained solution on a glass

plate, a film with a thickness of 100 4 m was obtained. The
obtained film was stretched 1.5-fold at 130 °C, thereby

obtaining an optically anisotropic film of a=1.075.



29 m xture are dissolved in nethylene chloride so as to be 20% by

wei ght. By casting the obtained solution on a glass plate, a filmwth a

t hi'ckness of 100 [err] mwas obtained. The filmstretched 2.0-fold at 100
[err]C, thereby obtaining an optically 3hisotropic filmwhere a defined by

the: formula 1 is 1.1083. By using the obtained optically anisotropic
filmin conmbination with a fast response STN cell, an excellent

bl ack- and- whi t e pyi sRliRY theabbtaYREd ofOI®RI B} | MEido@OPi® ¥ilm in AN
optically anisotiopic filmis obtained in a simlar manner to Exanple 1

except t halond At saent abiEhgbt pBSpohSe SiNesell T \@de 1@¢hta of the
obtained optically anisotropic filmis 1.082 and the wayel ength di spersion

i's | ow conyalqd ajd-vn iPeaBRbp1ady\ST 8cRiSvégl s i xed. Exanple 2 Ten
parts by 3gightabf a quoresgen¥ brighter (Wiitefluor B manufactured by
Sumi t ono 27t 92 Exampre gbsorption peak at 369 nm and aspect ratio

1.9) and 9 arts by weight of polycarbonate resin (Panlite C 1400
manufact ur ed by 7 kbYerbhdth &’fgﬁ?ﬂé%&?'c‘!@dﬂ%‘%éﬂ bRy ene

chloride so as to be 20% by wel y casting the obtalined solution on a

glass pl g{og%c%xfﬂoh@w E@tﬁrh@kckg?gia@iiégﬁaﬁ@fﬁdéd?é’@%gﬁ?ﬂ%%ﬂ\o The

obt ai ned was stretched 1.5- at [err t her obt al ni ng an

optically ASoLoR:S " L d. S w85 nddSured and a was 1.060.

The wavelength dispersion of the retardation of a
polysulfone retarder was measured and @ was 1.099.

Example 3

Ten parts by weight of a UV absorber (Sumisorb 310
manufactured by Sumitomo Chemical Co., Ltd.,; absorption peak
at 345 nm, and aspect ratio 3.5) as a dye and 90 parts by weight
of polycarbonate resin (Panlite C-~1400 manufactured by Teijin
Ltd.) were dissolved and mixed in methylene chloride so as to

be 20% by weight. By casting the obtained solution on a glass

plate, a f£ilm with a thickness of 100 um was obtained. The
obtained film was stretched 1.5-fold at 140 °C, thereby

obtaining an optically anisotropic film of a=1.078.

By using the obtained optically anisotropic film in
combination with a fast response STN cell, an excellent
black-and-white display is achieved.

Example 4

Ten parts by weight of a UV absorber (Sumisorb 310



30 . By using the obtained optically anisotropic filmin conbination
with-a fast response STN cell, an excellent black-and-white display is
achi eved. Conparative Exanple 2 The wavel engt h di spersion of the
retar dation of a polycarbonate retarded3l (SEF480430 nmanufactured by

Suni toro  Cheni cal Co., Ltd. ) was neasured and a was 1.060. The
wavel ength di spersion of the retardation of a polysulfone retarder was

nmeasur ed Ten rt.s uv
@m L aBdured B3 Suﬁ?ﬁm%ec ical co'§NIRAL aQ¥o¥\%098ﬁ ?éa{é"

absor ber 310 “manufacture y Sum tono Chémi cal

e aht orparycaR, ST aBPee PR GRNR L' Hitee PO RANE B YL Y
téf’g%twe%i"*éﬁ? AR AR hi R R A AL B S LA

t1h|501t<(r)1:azsa [er ra?% %ﬁ%?egntﬁégﬁg}%ggngc%%la{%g fa)%l g}r)]:,\g;é)t??)fdl c}ppﬂjm of

a=1. 078. By nlS t
conbi nat i on :bal}th Byag%l res‘gonse%ﬁ% & ,582#%?8& PQHEF %%and white
?Iszm grlbs aCth?ﬁ:%da thlc?cgess of 100 ,l.tTn(la r}” sarc}b%:ag%e\ge g'rhhe bta:.nerf‘ bsor ber

film was stretched 1.9-fold at 195 °C, thereby obtaining an

-

optically anisotropic film of «=1.086.

By using the obtained optically anisotropic film in
combination with a STN cell, an excellent black-and-white
display is achieved.

The optically anisotropic film of the present invention
has a retardation with a high wavelength dispersion and by using
the optically anisotropic f£ilm in combination with a fast
response STN liquid crystal cell, a liguid crystal display
apparatus achieving an excellent black-and-white display is
obtained. In addition, the optically anisotropic film of the
present invention is easy to produce compared to the

conventional retarders made of polysulfone or polyarylate.



31 manuf actured by Sum tono Chem cal Co., Ltd.; absorptidn peak at 345
nm amd aspect ratio 3.5) as a dye and 90 parts by -wetrght—of—poelyarylate

resin (U 100 nmanufactured by Unichika Ltd.) were ' L Lxed in
nmet hyl ene chloride so as to be 20% by @&&i ght. By zmﬂnEEMEMed
solution on a glass plate, a filmwth a thicknesssOl¢ s S

obt ai ned. The obtained filmwas stretched 1.9-fold at 195 [err]C, thereby

obt ai ni ng ORI : nisetropic filmof a=1.086. By using the
obt ai ned og’?‘.”‘c?a %’yegh%ﬁgtar %%l'c filmin conbination with a STN cell, an

e eob o A S catisated Sl Ol comprisu R GG LY,
e oo A hRgRE ALY, edsg! e O 8L SBkSEBRIBIGAAL Y
Sbrt ok ARV ARG Eilieriehoaet SRl e fbsel B
7ent o0, FBFINEN B8 FLABIET AU okt s GORYLHARNE o4 Teli, 0
optically gl 3L’ QPeCmbibBhEOPL ' & "t 2! ¥ a retardation
(measurement wavelength 546 nm) of the optically anisotropic
film is between 50 nm and 3000 nm. .
2. An optically anisotropic film comprising a mixture of
a polymer and a dye, wherein the dye has an absorption peak not
in a visible region but in an ultraviolet region and shows a
dichroism, and a retardation (measurement wavelength 546 nm)
of the optically anisotropic £ilm is between 50 nm and 3000 nm.
3. An optically anisotropic film comprising a mixture of
a polymer, a dye and a liquid crystal polymer, wherein the dye
has an absorption peak not in a visible region but in an
ultraviolet region, an aspect ratio defined as a ratio of a major
axis length to a minor axis length of the dye molecule is at
least 1.5, and a retardation (measurement wavelength 546 nm)
of the optically anisotropic film is between 50 nm and 3000 nm.
4. An optically anisotropic £ilm comprising a mixture of
a polymer, a dye and a 1liquid crystal polymer, wherein the dye
has an absorption peak not in a visible region but in an
ultraviolet region, shows a dichroism, and a retardation

(measurement wavelength 546 nm) of the optically anisotropic



a polynmer and a dye, wherein the dye has an absorption peak not in a
visible region but in an ultraviolet region, an aspect ratio defined as a
ratio of a major axis length to a mnor axis length of the dye nolecule is
at least 1.5, and a retardation (neasu3®nment wavel e HANE T he
optidally anisotropic filmis between 50 nm and SOOH I lm(“lmmlmlmn
optically anisotropic filmconprising a mxture of a*polyrer*an¥ a dye,
wherei n t heitwe kAP etiwedds GOPmOAnAcaBo0Ohm.i N a visible region but in an
ultraviolet region and shows a dichroism and a retardation (neasurenent
wavel ength 546 ng) 29f optacaptycahigotrbpds roiim dedordihg aonedaim01inm and
3000 nm 3. An optically anisotropic filmconprising a mxture of a
pol yner, aogy®, afereild @nedags Vid phaBelyeparatear eromttife ol ynleas and
absorption peak not in a visible region but in an wultraviolet region, an
aspect rat] f] a rat] a hO | ' .aXi S

| engt h of #‘%Iéﬂ%y%%ag%dl %{“lils"i gta aﬁlﬁe%g?hl.gg, eé%ﬁ"%%%‘é%%‘?‘ gﬁ“t? %ézligur enent
wavel engt h_ 546 nl\@, of the optically anisotrqgpic filmis bet Wgen 50 nm and
3000 nm film defined 3y ithg |fpldawdag Soravda hldoRBFPeARglalhixture of a
polymer, a dye and a liquid crystal polyner, wherein the dye has an
absorpti on peak not i n@a=vRgRgl e regi on-but{li)n an ultraviolet region,

shows a dichroism and a retardation (nmeasurenent wavel ength 546 nn) of
the opticalhyrém, Sk @Ptétardation vallubMbéssBeédneitd hydbcyes 2099nem

(wavelength 486 nm) and R, is a retardation value measured with
sodium D-line (wavelength 589 nm).

6. An optically anisotropic film according to claim 3
or 4, wherein the dye and the liquid crystal polymer-are
phase-separated from the polymer to form a domain and forms a
domain, and a value of « of the optically anisotropic film
defined by the following formula (1) exceeds 1.06:

a = Ry/R, st {1)
where R, is a retardation value measured with hydrogen ¥F-line
(wavelength 486 nm) and R, is a retardation value measured with
sodium D-line (wavelength 589 nm).

7. An optically anisotropic film according to claim 1
or 2, wherein the dye and the polymer are compatible, and a value

of a of theoptically anisotropic filmdefined by the following

formula (1) exceeds 1.06:

@ = R/R, o (1)



5. An optically. anisotropic filmaccording to claim1 or 2, wherein the
dye iss phase-separated fromthe polyner and fornms—a-domain, ;md a_val ue of

a of 'the optically anisotropic filmdefined by the a (1)
exceeds 1. 06: [err] Rl es4] /R err] melm ere
- ngt h

Rlerry is a retardation val ue rreasured wth hydrogen*
486 nnm) and R[err] Is a retardation value neasured with sodiumDIine
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formul a u%?ﬁ@?f%%%%& avelenaqth 589 orel.f] = Rlerr]/Rerr] (1)

where R er 13 on 3 ue “veadured W|th hydrogen F-11ine
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following formula (1) exceeds 1.06: R%err /R[err]
(1) are compatible, and wherein a vajye Rﬁef’eoﬁ[ op igadd¥ardati on

val ue neasured with hydrogen F-line (wavelength 486 nn) and Rerr] is a
ret ar dat i canisdtropbadileddefihed by the following formula (1) exceeds

1.06: -

= Re/R, ot (1)
where R, is a retardation value measured with hydrogen_F-line
{(wavelength 486 nm) and R, is a retardation value measured with
sodium D-line (wavelength 589 nm).
9. An optically anisétropic_film according to claim 1
or 2, wherein the dye are adsorbed and aligned in the polymer,
and wherein a value of a of the optically anisotropic £ilm

defined by the following formula (1) exceeds 1.06:

= R;/Ry 00 (1)
where R, is a retardation value measured with hydrogen F-line
(wavelength 486 nm) and R; 1s a retardation value measured with
sodium D-line (wavelength 589 nm).
10. An optically anisotropic film according to claim 3
or 4, wherein the dye are adsorbed and aligned in the mixture

of the polymer and liquid crystal polymer, and wherein a value

of a of the optically anisotropic f£ilm defined in claim S



sodium D-1ine _(wavel ength 589 nm. 8. An optically -anisotropic film
according to claim-3 or 4, wherein the dye, liquid crystal polyner and the
pol'ymer are conpatible, and wherein a value of a of the optically

ani sotropi'c filmdefined by the followijiyg fornula (ﬂl i B 1T

[err] = Rlerr]/Rerr] . . . (1) whete Rerr] is Iﬂﬁﬂﬂﬁ“ﬂmm ue
measured with hydrogen F-l1ine (wavel ength 486 nm) arfd Rekr]*i$ a
retardation _val.ue nggsured with sodiumDIline (wavel ength 589 nnj.

9. An opt FEEEPPSahir88tropic filmaccording to claim1 or 2, wherein the
dye are adsorbed,and aligned ., n_the polyner,...and wherein _a value of a of
The optically adbeckD SHCEAYIY abdprRaatss EhbR ARG RAIRG B Hhrim hy
exceeds 1.06; . Jerr] = err]/ R err] - 1 ere
Rlerr] is?a ?é’crar‘lda‘t”i‘%ﬁeﬂlauEeﬁgﬁgﬁ&ﬁnvﬂhtﬁ%ﬁ&d&h L Fpﬁeém(%(ﬁ/ﬂ]%ngt h
486 nm and R err] .is_a.retardation valu asuyred wwth sodium D-1ine
(wavel engﬁﬁlg%‘t}rﬁ c film saﬁbﬁ%kﬁsoﬁ?c P+4C%H S RIS ¥91 rﬁ%a)c’cordi ng to
claim3 or 4, wherein the dye are adsorbed and aligned in the m xture of
the polymer and | i%®0® & Rei/de Pol yh®9, and wherei K23 value of a of the -
optically anisotropic filmdefined in claim5 exceeds- 1. 06.

11. An opwhegkl X, d8i aob¢otdatidnnvaetiading the veraical Idirection to the

- film , said retardation being measured with a polarizing
microscope according to a Sénarmont method (measurement
wavelength 546 nm) and R,, is a retardation measured when the
film is inclined at 40 degrees to horizontal around slow axis
of the film.

12. A liquid crystal display apparatus using the

optically anisotropic film according to claim 1, 2, 3 or 4.



2, 3 or 4, wherein a retardation ratio (Rerr]/Rerr]) of 't he optically
-anisotropic filmsatisfies the f:oll ow ng expression (2): 0.900 <
R éry]/Rerr] < 1.100 (2) where Rerr] is a retardation viewed

,glnthe vertlcalqg G th fiBfh, said retardation bei ng neasured
“wi th®a p 6%’%4‘85%?&‘ PORE di ng to a Senar nont nethod (measurenent
wavel engt bpSd6aniy AmisRrapil Filmandtlaqieid Onyseak0ieplaydpparatds Imis
inclined at 40 degrees to horizontal around slow axis of the film

12, mAaLnggﬁngr%@ prlcan3) aRERaE Ahpite 1IN ddiipr WS A i RUrRObEOP! ©
a polymer, adye having an absorption peaknot ina visible region
but in an ultraviolet region, and occasionally a liquid crystal
polymer, wherein the retardation of the optically anisotropic
f£film is between 50 nm and 3000 nm, and the dye has an aspect
ratio of 1.5 or more, or the dye shows a dichroism.
The optically anisotropic film has a high wavelength

dispersion of the retardation, and a liquid crystal display

apparatus achieves an excellent black-and-white display by

using the optically anisotropic film.



