NESOTROPI C MATERI AL, . PROCESS FOR PRODUCI l@é Qr

j‘PLATE LI @l D; RYSTAL DI SPLAY DEVI CE USI NG ﬁﬁ
_____ a%SHL. i nvention relates to an optically anisotropige i
orlented polynerlzed 1iquid crystal el igomer (or this ¢4
herelnaftewi Slgui.d.crystal e jgomer porymer") or a cqg?osi
useful as a naterlal of retardation filmused for lig
el enents, y1a pracgss for producin suchéag'
optical l'y ani soB! ' §ﬁER§PE§s§#T§ o] o
consi sting of saidilani hgte and a_uni axial or, 0
and a liquid crysP pogCE Gay T dBNPcBE 3§FH@J%9 Pl R
filmis a polynerﬁ filing_havin e ¢
‘as .uniaxial ori GERHIBE: %@%m’?ﬂg@ﬂgg gﬁkgét ?g“g :
- inproving displayiin pé formance of liquid crystal display el enments. Super
twi sted nematic (S NH: ype liquid crystal display el enments using such
retardation filns, ial ugbebentninvenyiaedvaeiages sochn aptiicgifiywei ght,
smal | thickness an& j ow cost, also had serious disadvantages such as snal
V|emnngaymﬁﬁu@@ﬁpopﬁorf lmchadedoﬁhaheodmsptaﬁ QaéWmByleHeQQQMRdadvan-

!

OPTI CALLY

crystafhg;;gé er (or thls can be said - herelnafter
"liquid crystal oligomer polymer") or a comp051tlon
thereof useful as a material of retardation film.used
for llquld crystal dlsplay elements, ' a process
for produc;ng such a fllm, a laminate of an optically
anlsotroplc.fllm and a base; a composite retardation
film consisting of_said laminate apd'a uniaxially .
oriented retérdation film, and a liquid crystal display
device using ﬁhem.

The retardation film is a.polymeriC'iilm;
haQing optical homogenéity and durﬁbiiity as well as
uniaxial 6rientation, and commonly used as an optical
compensator for improving displaying performance of
liqﬁid crystal displaylelemenﬁs; Super twisted nematic
(STN) type 1iquia crystal display elements using such
retardation films, although having_many advantages such
as light weight, smalllthickness'and low cost,~al§o had
seridﬁs disadvantages such as small viewing angle and
poor'biack and.white display quality. These disadvan-

" tages have been'significantly alleviated by introduction
of new.techniqﬁes'sudh as two-layer-iaming;ioh of the

_ . . I
retardation films. However, as regards the viewing



TS ST 1 . . . .
tagesﬁﬂayﬁfpeEn significantly alleviated by introduction of new techni ques
suchias tatQ- | ayer |ami nation of the retardation filnms. However, as
reg@ﬁdSEPHe,viemﬁng _ : -2- angle, no
satisfactory inprovenent has been nade, ,and al-so no established industrial
met hod is yet available for controlling tthe viewing angle in certain
specific di | O C b LW 1881 sk hgs of
liquid crysag.'gl(itédi 21?)1 asyate s_efr?ecrﬁ%r%:%‘%ﬁ% y égg%)%i%%a!ﬁo% on }_;/8 W th
angl e dependaiey of dUdsHIidien Ghdilsdd (B heinsd ds f6L1atol18b38! ay but

gl e depen 0

also with an ency retardation of retardation film and it is
known that iR, lé:%%ﬁfoﬁg.ga\genénérwﬂeﬁﬁi r%l@ﬁﬂ'éé&ai@es?é_@lfﬁé the
angul-ar change of retardation is, the better result is obtained. In view
of this, it i3edi8shdroposed to use honeotropically oriented liquid
crystal material as a retardation filmhaving a large refractive index in
the - direction normal dxe thikewingnandgle. characteristiepaofskidaiént
Unexam ned Publication (JP-A) 2-73327 and JP-A-2-105111 di scl ose net hods
- using a bicefystadendidpleyr alemwdritsh die ¢clogd bneassdciatedenot norkyi s
I sotropic but the refractive index in the thickness direction is greater
t han the i nwithhengld rdegendenayext birefethgemee tdf higuidrcrhsbage of
background col or of the optically uniaxial birefringent.

cell for display but also with angle dependency of

4

reﬁardation of retardation film, and it is known that in
use of converntional retardation films, the smaller the
angular change of retardation is, the better result is
obtained. In view of this, it has been propqsed to use
homeotropically oriented liquid crystal material as a
retardation film having a large ;efractive index in the
direction normal to the film plane.

Japanese fatent Unexamined Publication (JP-3)
2-73327 and JP-A-2-105111 disclose methods using a
birefringent layer in which the in-plane refractive
index is isotropic but the refractive index in the
thickness direction is greater ihan the in-plane
refractive index, for reducing the angular change of
background color of the optically uniaxial birefringent
body (liquid.crystal cell for display) having positive
anisotropy of refractive index. A typical éxample of
matgrial having such refractive index anisotropy is a
liquid crystal layer oriented homeotropically in a
compensation cell.

U.S. Patent No. 5,189,538 teaches that by -



bodﬁffljdhﬁgzé?ysfal cell for display) having positive anisotropy of .

“ref raeti;ve~i ndex. A typical exanple of material having such refractive

i nd&x=afii sotropy is a liquid crystal layer oriented honeotropically in a
conpensation cell. 7 U. S. Patent No. 5,189,538 teaches that by

3 wusing a filmhaving the optical ax+s3isw the direction normal to the
filmplane and a retardation filmhaving a positive birefringence, it is
possi bl e toustdgca fhiém haygihgr theanpeichlr akdisddn dheaitectinmin a
retarda- tion filminproved in view ng angle characteristics.: For making
a film havi ngrimagd opt thel £akins planehenddar eettiagdatdonal £ itlm thaving m pl ane,
a method is shown in which a photopolynerizable conpound and a liquid
crystal = noposétiveebikrEgingensel yidr isaposs ibd ec £ ixaHURR ththil e

mai ntai ning orientation of the liquid crystal nononer in an electric field
to fix ori eanguiles rhange ofi refardatieonmand &o RPN G| Efearda~

JP- A-4-16916 discloses a retardation film wusing_a birefringent [ayer in
whi ch the r&ipacfidd LRBELVEA, i Yiewing,e8g1@ FRdamaGte Lt freSier than the
in-plane refractive index, said_|layer bein de of a honmeo- tropically
oriented poFpFemakigg & %l’-}g‘t g‘lav oS .°P§S'Cr;ﬁe§r¥s"sf ™ t%ct uati ng

honeotropicgl orientation

irection normaift%h%he film plane, a method is shown in
which a photopolymerizable compound and a liquid crystal
monomer are mixed and polymerization is carried out
while maigtaining orientation of the liquid crystal
ﬁonomer in an electric field to fix orientation in the
direction normal to the film plane.

" JP-A-4-16916 discloses a retardation film
using a birefringent layer in which the refractive index
in the thickness direction is gfeater than the in-plane
refractive index, said layer being made of a homeo-
tropically oriented polymer liguid crystal material. As
means for effectuating homeotropical orientation of the
polymer liquid crystal, there are disclosed a method in
which the material is heated to the liquid crystal
temperature and then an electric or magnetic field is
applied in the thickness direction, and a method in
which the material is held between two pieces of sub-
strate which have been subjected to surface treatment
with a homeotropic alignment agent such as a silane

" compound, and homeotropically oriented at the liquid
' crystal temﬁe:atﬁre. It is disclosed that a retardation

‘film with excellent viewing angle characteristics can be



3 hY . . .
pol ¥mer liguid crystal, there-are disclosed a nmethod in which the material
S heétgd%ab the liquid crystal tenperature and then an electric or
maggetic field is applied in the thickness direction, and a nethod in
which the material is held between two pieces of sub- strate which have
been subjected to surface treatnent wigh-a honmeotropic alignnent agent
such as a silane conpound, and honeotropically oriented at the |liquid
crystal tenpptaised. byl tombiting szdd tfidm avirtdt & deatardationn Hiiim
excel l ent view ng angle characteristics can be ]
-4-  obt ai neBthynednbiynistgesahdng lampeilymeriematREidh- film obtai ned by

stretching a polyneric material. . Polyvinyl alcohol, which is a
pol ymer having hydr oPpllyyiogds aleahed sivfei@thai 2 iROIEERFE (B2 VERSduci ng

t he honbgeneous alignnment reagent for liquid crystal | ecules ip |iquid
crystal di shiydgosali geoupsndn thes sidpinaim ther$84 %Fc??%&%?lﬂﬁlecules

1 m 1 or medtbe Bomegensauens GaPAad iRty AeF Liguld CRPEREC Y e
Lo Al PoBS e ds S bSO
bl o Rosknn YR SR b any e B LU BN IR,
optical aXi%é:%fgéggéajﬂgﬂgaeneously by rubbing the surfa;e of the
film formed on a transparent electrodeé substrate.
Digest of Technical Papers of Sdciety for
Information Display International Symposium (1993), page
. 277, reports that it is possible to improve, in princi-
ple, the viewing angle characteristics of TN liquid
crysfal display devices by using two optically aniso-
tropic bodies in which the optical axis is slanted from
the normal line of the f£film and an optically anisotropic
. body having the optical axis in the film plane.
F;r attaining orientation of the liquid
crystal molecules, a great many attempts have been made
and repoited, reflecting the fact that orientation of
the.liquid crystal molecules in the display cell is
a key factor for high display quality. 1In the case of
low molecular weight liquid crystal, howevér, orienta-
tion is usually controlled by using an orientation film.
For forming an alignment film, there are known, for
example, a method in which, for obtaining homogeneous
oriénﬁation, a polymer (such as polyimide) film is

formed'on a substrate and the film surface is rubbed



theinbgnaTiLPhe of the filmand an optically anisotropic body having the

) -

opticéf.axks in the filmplane. For attaining orientation of the
liquid crystal nolecules, a great nany attenpts have been nade and
reported, reflecting the fact that orientation of the liquid crystal

nol ecules in the display cell is a key factor for high display quality. In
the case of |ow nolecular weight liquid crystal, however, orienta- tion

i s usual |y whehral tkdthyousotheameansntat oohehil the REdquiidr iy tal
alignment film there are known, for exanple, a nmethod in which, for
obt ai ni ng hombgeukess methedt dnivhich @l ynergasdichmasepdpy ugd) &s I mis
formed on a substrate and the filmsurface is rubbed

-5- - with aSi0pt Bid}, deRkrondighs 16 drPPefdtede on GuiskREYRAT® P¥ol ecul es;
met hod in which an inorganic material such as Si(err], SiO MO or MF2

i s deposi t eebbiquesa¥apPEeEio]y tebfPHReachapeganrronst §1AgPMERthomgeneous
alignment film and nmethod using a stretched polyner film (Foundation and
Appl i cati onfbimg | gpdomerdedapsingod sppetched: polyrsgy fidMosakai). There
are al so known net hods fqr_obtaining obLigue qrientatiqn Qf | ow nolecul ar
wei ght | i quf BoBvRgaEapPn RBA A%D F§F18§e°6f ﬂéﬁ“&F’g Awstady; gﬁﬁém BR4 m nade

O POLYi M dg.of o8B! Lauc UARSLALI PN Shofl hRQ"4RMLC RS hlluRE) 2
' for obtaining oblique orientation of low molecular
weight liquid crystal. For example, use of an organic
alignment film made of polyimide or oblique evaporation
of an'inorganic material such as Si0,, SiO, MgO and MgO,
‘are known. These orientation films serve for uniformal-
izing orientation of the liquid crystal molecules in the
liquid crystal display elements or for giving a pretilt
to realize an excellent display image quality.
ﬁowever, there is yet known no laminated
polymer film comprising a liquid crystal oligomer and a
hydrophilic substrate in which the optical axis is
substantially paiallel'to the normal line of the film.
In production of composite retardation films comprising
a laminated film of a liquid crystal polymer and a
polymeric substrate and a retardation £film, there has
been some difficulties to prepare a film having the
optical axis in direction normal to the film pléne in
the con#entional productibh.methods; photopolymerization
of monomeric liquid crystal should be carfied out during
'applying an external acting field such as an electric or

magnetic field, 6r the liquid crystal layér should be



are“known. These orientation filnms serve for uniformal- izing orientation
of th& lidglid crystal nolecules in the |liquid crystal display elenents or
forzgkving a pretilt to realize an excellent display imge quality.

. However, there is yet known no |lamnated polynmer filmconprising a liquid
- crystal oligoner and a hydrophilic seb8tfate in which the optical axis is
- substantially parallel to the normal line of the film In production of
conposi t e reéhddhetwrehi kwe bydpopbobdc substinstes gnd fthgna |iquid

- crystal polymer and a polyneric substrate and a retardation film there

" has . been ssepaudtedcliremeswhd Lgr agdnsad niingnIhAHR 41 @btFRAI axis in
direction normal to the filmplane in_ the conventional production nethods;
_ phot opol ynetiguifofrystaf AOREMeE Wikl d-ah3R Rt RE FF+FRout

AR IR AT A AR CLR R
1 ol SRR OB VA S ST T
i1 m pl anethenBethoR ot Saemtamig s ks yibd) £ e i@ hoa o
ori ent atT on 380 IR e dul P Uy ) S DAQ PO HBR ek B
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was difficult.

Further, és regards the production method of
liquid crystal polymers and liquid crystal oligomer
films having the optical axis slanted from'the normal
line of the substrate, there has been known no. other
technique than to apply a holding electric field to a
transparent glass plate having electrodes for effectuat-
ing orientation (40th Meeting of Japan Society of

Applied Physics, Spring 1993, Lecture No. 29azZK-11).

As viewéd above, in the prior art, there has
been available no established industrially advantageous
method for production of liquid crystal polymers and
films made thereof. The present invention is intended
to provide-anﬂoptically énisotropic film made of a
liquid crystal polymg:, a polymerized liquid crystal
oligomer or a composition thereof with which a composite
retardation plate with a wide viewing angle can be made,
an industrial production method of such film, a
composite retardation plate with a wide viewing angle

obtained by laminating said film and a retardation film,



was. di fficul t. Further, as regards the production nethod of

| i qui d&crystal polyners and liquid crystal oligoner filns having the
‘optigat axis slanted fromthe normal line of the substrate, there has been
known no other technique tthan to apply a holding electric field to a
transparent gl ass pl ate having electrodez for effectuat- ing orientation
(40th Meeting of Japan Society of Applied Physics, Spring 1993, Lecture
No. 29azK-11). .- N i 0 N P ar anty,. f.here has
been avairab%%dn% %%g%b?igﬁggéﬁédggsgﬁg Légg 5§n%§§é§&g%x%%:%? 41”

producti on of; Li, gl dafEYS! 8haPabyaeiscand rbbhiedndls Wshepleasfe present
invention is TRt &nded 0 provide an optlcaIFy ani sot'ropi c i1%h made of a
liquid crystg%eﬂgh ger, a polynerized liquid crystal oligomer or a

conposi tion thereof with which a conposite retardation plate with a w de
view ng angle can be npdge spBciifdealinial theogrekeaR AL such film a
conposite retardation plate wwth a wide view ng angle obtained by

l'am nating sgievidbs andoptiebanlgabndBoticbPic film comprising a

-7- and a liquid crystal display device having excellent view ng angle
characteri stpesynesl bfed Dyquidngrysitdl elégemes. having positive

anisotropy of refractive index and showing a nematic or
smectic phaée, said liquid crystal oligomer being
selected from linear-chain or cyclic liquid crystal
oligomers principally composed of the following

recurring units (I) and (II):

~+
Ry—A—(CH; )y~ O)g—Ar—(L)7—Ax,—R. (1)

| ..
Rz—ll&—-( CH; )x—(0)ar—Ar;—(L’ ) 7—Ar,—O0CO—CR’ =CH,

(1)

(wherein A is a group représented_by the following

formula (III) oxr (IV):

—éi— (III) —C—CO00— (IV)

|
0 CH,
I



Mor & specifically, the present invention provides an optically anisotropic
filmaednprgsing a polymer of a liquid crystal oligonmer having positive

. ani sotropy of refractive index and showing a nematic or snectic phase,
said liquid-crystal oligonmer being selected from | i near-chain or

cyclic liquid crystal oligoners princifaly conposed of the foll ow ng
recurring units (1) and (I1): [err]

(11) (Wieeeein A is therbopmebar 6EER) ed-8§-Oheifokhewmadn Chadm a (111)
or (1V): [ err] - 8-

wher ei n, |rpfrmheoxaqnar£mq|yn1ts(1t>°Fs(¥Eé addn éﬁaFHe éPrFWéarecurrlng
uni t (I) or (Il) and, in the fornula JXL -C-CH e $ IS the . main chain
of the recut¥¥Yhg verEHa( 1HS Ghe maincha Qﬁ]?%ﬁ(iﬁF ErHR4i Pidhed at the

si de
(I) or {(II) and the COO group is positioned at the side

‘chain which is neither R, nor R,; when A in the formula
(I) or (II) is the formula (III), R, and'Rz are indepen-
dently hydrogen,a C, alkyl group or phenyl group, and
when A in the formula (I) or (II) is the formula (IV),
R, and R, are independently hydnxﬁm or a C,.s alkyl group;
k and k’ represent independently an integer of 2 to 10;
m and m’ are independently 0 or 1l; Ar,, Axr,, Axr, and Ar,
represent independently a 1,4-phenylene group, 1,4-
cyclohexane group, pyridine-2,5-diyl group or
pyrimidine-2,5-diyl group; L and L’ represent indepen-
dently -CH,0-, -0-CH,-, -COO-, -0CO-, -CH,-CH,-, -CH=N-,
-N=CH- or a divalent group represented by the formula

(V):

-N = N- (V)

p and p’ represent independently a number of 0 or 1; R
is halogen, a cyano group, C;.;0 alkyl group or C, ,, alkoxy
group; and R’ is hydrogen ora.CLd alkyl group), wherein
when the numbers of the recurring units (I) and (II) in
one molécule of said oligomer are supposed to be n and
n;, reﬁpectively, n and n’ are independeptly an integer

of 1 to 20, and 4 £ n + n’ £ 21, and further éharacter-



chan"which is neither Rlerr] nor Rer]; when Ain the fornmula (I) or (I1)
is th&foreula (111), Rerr] and Rlerr] are indepen- dently hydrogen, a
Clerrk alkyl group or phenyl group, and when Ain the formula (1) or (II)
is the formula (1V), HRerf] and R err] are independently hydrogen or a
Clerr] alkyl group; k and k' represent I ndependently an integer of 2 to
10; mand ni are independently O or 4;3Ar[err], Ar[err], Ar[err] and
Ar[err] represent independently a 1,4-pheny | ene group, 1,4- _cyclohexane
gr oup, pyrrkﬂ&ﬁaEDStﬂﬁyltb?oﬁﬁdo€r°B9rPﬁ1&FﬁeISCBfaﬁyﬁ &P&Gp(IE)aﬁ& L'
represent indepen-_  dently -CH err

-CH err] - Q.ch}yr]rerlzglp[\pnd t % °Bt&F9§H ér’f't‘-sgpéuﬁggg rfé'g'@ntléd by the

formul a resent de endent | of O

or 1; R |sa%bﬁ%ﬁgnge%€§5ﬁ$§g+ﬂuﬁge Eﬁft&PEyP 6“8? C%?ﬁFF%%%koxy
roup; and dro err] .alk I ro en the

gunggrs of E% EﬁgV?F uﬁ??s ?L &nFIY h% %#gln@fgcng g& Ssai d

ol i goner ar fupposed to be n and n', respectively, n and n' are

i ndependent § Bh integer of 1 to 20, and 4 < n + n' [err] 21, and further

gpagﬁgtseeurting uni t FFF? are also provided ¥ccdrd@dd Rot Ralist he end group
invention: An optically anisotropic film of the type
described above, characterized in that the optical axis
of said film is aligned substantially parallel to the
normal line of the film plane} and

An optically anisotropic film of the type
described above, characterized in that the optical axis
of said film is slanted 10-80°, in termé of angle of
elevation, from the £ilm plane.

The present-invention'also provides an
optically anisotropic film made of a side chain type
liquid crystal polymer having positive anisotroply qf .
refractive index and showing a nematic or smectic phase,
said liquid crystal polymer being a linear-chain or
cyclic liquid crystal polymer principally composed of

the following recurring units (IX):

R,—A—(CH,; )y—(0)¢—Ar—(L);~—Ar,—R (IX)

~ {(wherein A is a group represented by the following



polinérized; and that the optical axis of said filmis aligned generally

in thé&-dirgction of an angle selected frombetween 0 and 80[err] agai

nst
thesnermal line of the film There are al so provi ded accordi ng

to this invention: An optically anisotropic filmof the type described
above, characterized in that the optital0axis of said filmis aligned

substanti al | paraIIeI to the normal line of the filmplane;, and

An opticall rkﬁﬁ(9¥|¢¥ﬁbT the type described above, characterized

in that the optlcal axis of said filmis slanted 10-80, in terns of angle
of elevation, fromthe fil m pl ane. The present invention also

provides an optically anllotropl filmnmade of _T¢§ chain_t pe liquid

crystal. pol yner having po [ *Tve %otroply of ive Kﬁa X and

showi ng a nematic or snec%ic phase said liquid ﬁrystal pol ymer being a

hcipal ly conposed of

| i near-chain or «cyclic |IFUId crystal polyner p T
wherein Ais a group

followng recurring units (1X): [err]
represented by the foll ow ng

wherein, in the formula (X), -Si-0- is the main chain of
thé formula (IX) and, in the formula (XI), ~-C-CH,~ is
the main chain of fhe formula (IX) and the COO group is
pogitioned at the side chain which is not R;; when A in
the formuia (IX) is the formula (X), R, is hydrogen, a c;
alkyl group or phenyl group, and when A in the formula
(IX) is the formuia (XI), R, is hydrogen or a C;¢ alkyl
group; k is an integer of 2 to 10; m is 0O or 1; p is 0
or 1; Ar, and Ar, represent independently a 1,4-phenylene
group, 1,4—cyclohekane group, pyridine-2,54di&l group or
pyrimidine-2,5-diyl group; L is -CH,;-0-, -0-CH,-, -0CO-,
-C00~-, -CH;-CH;~, -CH=N-, -N=CH- or a divalent group
represented by the formula -N = N-; and R is hydrogen,
o)

halogen, a cyano grcup,cpm'alkyl group or C,, alkoxy
group), characteriied iﬁ that the number of the recur-
ring units is 4 to 10,000, on the average, per one
molecule, and that the optical axis of said film is
slanted 10-80°, in terms of angle of elevation, from the
film plane.

The.present invention further prov1des the

processes ‘for producing the above-described optlcally

-6



- 10 {- formula (X) or (XI): [err] wherein, in the fornmula (X),
-Si-Oeis &he main chain of the forrmula (1 X) and, in the formula (XI),

-G EHR- is the main chain of the formula (1X) and the COO group is
p03|t|oned at the side charn which is not Rlerr]; when Ain the formula
(I'X) is the fornula (X), Rerr] is hydridgen, a C[err] al kyl group or
phenyl group, and when A inthe formula (IX) is the formula (XI), Rerr]
S hydrogenaﬁﬁsétagﬂﬁq q&ﬁ' group; k is an integer of 2 to 10; mis 0 or

1, pis 0O or 1, Aw[err and Ar][er, resent independent]y

1, 4- phgnyl ege5 gro:Jp, THe, RS %{T‘eiﬁlﬁ r&%ﬁb qﬁ?r'pcﬁ Vlcge%!l l%mg?%t

pyrim di ne- | i rou ra] - O rh §g§) 000
]:CH[elrr] c CHER ijr OPI*I:':&%J’ SAL J(ﬂtv SRdS fgr_%ﬁp Arepresen?ed by the
ornul a = [err]
hﬁl ogen, a 8?5 caal up, %&&ﬁﬁﬁekﬁbs&a&? osruc earsr g ’ko%&“e‘ér%ﬁ%‘{e
characterizegd i n B%{’%Eﬁﬁ lgrtgqf |0 to 10, 000,
on the avergge r']ilecu béﬁréé(? at t se a{)pt| Ajﬁlgb%?(?ﬂééo‘?rsal d film
is slantedg Qu%%ad%?% S of elevation, fromthe filmplane.

The present S Vent er prOV|des the processes for producing the

above- descri bed Opt'(*ﬁﬂé/present invention further provides a
process for producingla composite retardation film,
which comprises forming a film of a iinear—chain or
cyclic iiquid crystal polymer composed of said recurring
units (IX) and showing a nematic or smectic phase on an
optically uniaxial rétardation £film having the optical
axis in the film plane, said film alsc having positive
refractive index anisotropy and made of a thermoplastic
polymer, and heat-treating the thus obtained composite
film at a temperature_above the liquid crystal phase/
isotropic phase transition temperature of said liquid
crystal polymer.

The present invention also provides a process
for producing a composite retardation film, which
comprises forming a film of a linear-chain or cyclic
liquid crystal poiymer composed of said recurring units
(IX) and showing a nematic or smectic phase on a sub-
strate having a glass transifion temperature higher than
the liquid crystal phase/isotropic phase transition
temperature of said liquid crystal polymer, heat-
treating the thus formed film at a temperature above

said liquid crystal/isotropic phase transition temper-



- 11 -, anlsotroplc films. - The present invention also provides a
Ian1na% ~®nprising an optically anisotropic filmnmade froman optically
ani sptsr opi ¢ subst ance such as nentioned above and a hydrophilic substrate
such as a transparent or semtransparent substrate. The present
i nvention further provides a process-fb2 producing a conposite retardation
film which conprises forming a filmof a linear-chain or cyclic liquid
crystal pol pswrego@nes daminagding rtdwersubarrags thaving anfithoofng a
nematic or snectic phase on an optically uniaxial retardation film having
the optical sadd digrighenystalp IHQ%?m%ﬁu%;#m¢¢n%ﬂ%ﬁﬁ%&vﬁ B Positive
refractive i ndex anlsotropy and made of a thernoplastic golyner and

heat -t r eat i N§1@¥-aldYs BHERLRY TE&FAFsatien 1 Raving aPREECAbove the
[ antd o yomis g e An Pland) Said (AR 0%5'9151%1 reh BOSLEEYBY! des a
Porming a f AP lf’-?ﬂr?}gﬁgf’a TUERRAT T et a9 qAQE (98 A cPheRIHer - composed
o str o Bipshe B lmer. ) A0Gi Ton ¢+ Enser”z?ﬁﬁ i gher than T oo O @

The present invention further provides a
laminate of an optically anisotropic f£ilm such as
mentioned above and a substrate, iﬁ which said substrate
is a uniaxially oriented retardation film having the
optical axis in the film plane, said film also having
positive refractive index anisotropy and made of a
thermoplastic polymer, and said laminate having a

refractive index satisfying the following formula (1):
n. > n; >n, (1)

(wherein n, and n, are the maximum value and the minimum
value, respectively, of the in-plane refractive index of
the laminate, and n, is the refractive index in the
thickness direction of the laminate), and a composite
retardation plate made by using said laminate.
The present invention further provides a
- composite retardation film having a polarizing f£ilm
attached theréto, characterized in that a polarizing
film and said optically aniéotropic film or said lami-
nate of s#id optically anisotropic film and substrate or

said composite retardation plate are bonded to each



“the liquid crystal phase/isotropic phase transition tenperature of said
liqui & cryStal polymer, heat- treating the thus forned filmat a
temperature above said liquid crystal/isotropic phase transition tenper-
- 12 - ature, and lam nating the substrate having a filmof said liquid
crystal polyner fornmed thereon and a 1fi-axially oriented retardation film
having the optical axis in the filmplane, said filmalso having positive
ani sot r opy othexefwiddt iasdindtsx emenrw@tthagive t herno- plastic pol yner.

The present invention further provides a |amnate of an optically

ani sotropic film suctthe PrREANoAGYaHchan ARAEEomatkutREOTHAQRi 2h sai d
substrate is a uniaxially oriented retardation film having the optical
axi s in thdiguifd garmtak HiFriamdauiss fAMRFLIHRT 17 vELFEF act i ve i ndex

oDy %l oAb o flEd Bt 0¢ dagdrace having o
and he m REARER, 4 RaLs B B R dod e PTERRRe | ndex of
Girection SREha I TSt ahaYe Mty PO 1P (A sdtiS P SE
refractive index and twist orientation torsionally, with
the helical axis in the direction normal to the sub-
strate when no electrical voltage is applied, character-
ized in that at least one of said optically anisotropic -
film, laminate of said optically anisotropic film and a
substrate and compoéite retardation film is provided
between said liquid crystal cell and a polarizing film
disposed outside of said cell, or a composite retarda-
tion plate having a polarizing film attached thereto is

placed on said liquid crystal cell.

Fig.'l is a graph showing the relationship
between retardationland incliﬁation angle of a laminated
film composed of a polymerized liquid crystal oligomer
and a polymeric substance obtained in Example 1.

Fig. 2 is a schematic layout at the time of

. measurement of transmitted light quantity described in
Example 17.
| Fig. 3 is a graph showing the relationship
between inclination angle and traﬁsmitted light quantity

under érossed nicols in Example 16.



reté}dgtion pl ate nmade by using said | am nate. The present

i nvent¥on further provides a conposite retardation filmhaving a

pol ari=zing film attached thereto, characterized in that a polarizing film
and said optically anisotropi-c filmor said lam- nate of said optically
ani sotropic filmand substrate or saldjgogposite retardation plate are

bonded to each - . - 13 - other with a
bi nder or an adhesive.rig. 4 is a gitEplprsisewing nyeet rebaadidnshapal |y
provides a liquid crystal display device conprising a liquid crystal cel

conpri si ng ddtwaerd imglsird tiay eandiss candetyeesmatpadr Loghsugsansaiey
provided with electrodes, said liquid crystal |ayer having positive

ani sotropy afmderfocrzdised nivkks ainl Examplerleéntation torsionally, with

the helical axis in the direction normal to the sub- strate when no

el ectrical voltage is Bigpl i®dis chadzawing sheeingnisfacontragshist one of
said.optically anisotropic film. lamnate of said optically anisotropic
filmand a ubss dire Examplamdkite retardation filmis provided between
said liquid crystal cell] and a polarizing film digsposed outside of said
cell, or a conposite rEk®r dn-15t3 FHEHFERE FROVHRIalPBraPREFAS§Lfi I m att ached

thereto is placed on said qugid crystal cell.
, curves in Example 22.

In the course'of the studies for overcoming
said prior art problems, the present inventors found
that by forming a film of a liquid crystal oligomer
having positive anfsotroéy of refractive index and
showing a nematic ér-smecﬁic phase by using said
oligomer alone or together with a specific low-molecular
weight compound and subjecting the formed film to a =
treatment for causing homeotropic alignment and then to
polymerization, it is possible to attain fixation of
film alignment. This technique makes it possible to
obtain an optically anisotropic film having the optical
axis substantially parallel to the normal line of the
substrate plane on a hydrophilic substrate. It was also .
found that a liquid crysﬁal polymer or a liquid crystal
oligomer ha?ing positive anisotropy of refractive index
and showing nematic or smectic phase'cag be oriented
with an inclination against the normal line of the
snbstrate plane on an oriented substrate. It was

further found that by combining an optically anisotropic



Figf 1 is a graph showing the relationship between retardation and
incli#atign angle of a lanminated film conposed of a polynerized liquid
crystal oligonmer and a polyneric substance obtained in Exanple 1.

Fig. 2 is a schematic layout at the time of measurenment of transmtted
i ght quantity described in Exanple <25 - Fig. 3 is a graph
showi ng the relationship between inclination angle and transmtted |ight
quantity ufitdtm enobsss diessiribed mbowe @ntsa uniaxially oriented

- 14 - i.s a graph showing the relatloniﬁlp bet ween

i nclinati onrahgréaahent lf-é:|4§‘m dited 9 RQHS ilen it PP ERdeR
Exanpl e 17.

nicols in

S a raw ng show.n sQ-contr curves in
Exanpl e 21.crystal dJ-SPIle eg. “ﬁgaslli’dﬂhng’%as‘%@dﬁ ‘g%’t ©curves in

Exanpl e 22
pri'gP art pRLBPLAY, qPﬁ&lﬁa’e?é‘ﬁ{] s VEGHRS

UL IR i S S E T ot

of these novel findings.

co r,se of .the stud|%§ fq¥ overconlng sai d

af|In1of

etﬁeacga'svf i ndex

Specifically, the present invention embraces

the following embodiments (1) to (29) in its claimed

scope.

(1) Ah optically anisotropic film comprising a

polymer of a liquid crystal oligomer having positive

refractive index anisotropy and showing a nematic or

‘smectic phase, said liquid crystal oligomer being

selected from linear-chain or cyclic liquid crystal

oligomers principally composed of the following

recurring units (I) and (II):

Ry—A~—(CH;)y—(O0)g—Ar,—(L),— Ar,—R

(I)

Rz——j{—-(cnz)k-—%o Jar—AZ;—(L’ ) —Ax,—OCO—CR’ =CH,

(11)

(wherein A is a group represented by the following

formula (III) or (IV):



shoﬁing a nematic or snectic phase by using said oligoner alone or .
togetfer witth a specific | ownolecular weight conpound and subjecting the
formed filmto a treatnent for causing honmeotropic alignment and then to
pol ymeri zation, it is possible to attain fixation of filmalignment. This
techni que nmakes it possible to obtain gn optically anisotropic film having
the optical axis substantially parar1é1 to the normal line of the
substrate plane on a hydrophilic substrate. It was also found that a

| iquid crystal polyner or |a liquid crystal _oliqoner havi ng positive

ani sotropy of refractive jgRdex qqqlﬁhomdng neanLngj_snecéf@)phase can be
oriented wth an inclinaqion agai nst’ the norna” line of th Substrate

plane on an oriented subsgate. It was further(ﬁgund that by conbining an
optically anisotropic A - 15 - filmsuch as
descri'bed above and a uniaxially oriented retardation film it is possible
to obtain a liquid crystal display el enent having a high black and white
di splay quality and excellent view ng angle character- istics. The present
~invention was attained on the basis of these novel findings.

Specifically, the present invention enbraces the follow ng enbodi ments (1)
to (29) in wherelia,mdd theofermula (III), -Si-O~ is the main chain

of recurring unit of the formula (I) or (II) and, in the
formula (IV), -C-CH;- is the main chéip of the recurring
unit (I) or (II)and the COO group is positioned at the side
chain which is neither R, nor R,; when A in the formula
(I) or (II) is the formula (III), R, and R, are
imkxnndamly hydrogen, a Ci.¢ alkyl group or phenyl group,
and when A in the formula (I).or (II) is the formula
(IV), R, and R, are.;ndependently hydrogen or a C,_. alkyl
group; k and k’ represent independently an integer of 2
to 10; m and m’ are independently 0 or 1; Ar;, Ar,, Ar,
and Ar, represent independently a 1,4-phenylene group,
1,4-cyclohexane group, pyridine-2,5-diyl group or
pyrimidine—z,s-diyl group; L and L’ represent indepen-
dently -CH;-0-, ~-0-CH,~, -COO-, -0OCO-, -CH,-CH,-, -CH=N-,
-N=CH- or a divalent group represented by the formula

(V)2

-N = N- (V)

p and p’ are independently 0 or 1; R is halogen, a'CYano



(1) 7 An optically anisotropic filmconprising a polyner of a liquid
cryst&l oligoner having positive refractive index anisotropy and show ng a
nematic or snectic phase, said liquid crystal oligonmer being selected
from _ linear-chain or cyelic liquid crystal oligoners principally
conposed of the followng recurrimg-units (1) and (I1): [err]

(wherein Ais a group represented by the follow n f or.myl LI, or (IV):
- 16 - [errgroup, C1-F1)0 %ﬁ%‘ﬂei%"‘f% %ﬁe - Br ﬁﬁ#‘gxé’l %Ir ,up-’glg-ng%l SJ% e m(ai >1/)

chain hydrogen or a C,.5 alkyl group), wherein when thg numbers
of the recurring units (I) and (II) in one molecule of"
said oligomer are supposed to be n and n’, respectively,

'n and n'’ are independently an integer of 1 to 20 aﬁd 4 <

n + n’ < 21, and further characterized in that the end
group of the recurring unit fII) is polymerized, and
that the optical axis of said film is aligned generally
to the direction of an angle selected from between 0°
and 80° against the normal line of the film.
(2) An optically anisotropic film set forth in (1)
above, said film being composed of a polymerized liquid
crystal oligomer and a low-molecular weight compound,
said low-molecular weight compound being at least one
member selected from the group consisting of the
compounds of the following formulae (VI), (VII) and

(VIII):

Ry—AT,—(L)—AT,—R, (VD)

(wherein Ar, and Ar, represent independently a 1,4-
phenylene group, 1,4-cyclchexane group, pyridine-2,5-
diyl group or pyrimidine-2,5-diyl group; R, is halogen, a
cyano group, methacryloyl'group, acrylojl.group, Ci-20
alkyl group or C,; alkoxy group; L is -CHZ-O-, ‘-OI-CHZ-,
-C00-, -0CO-, -CH;-CH,~, -CH=N-, -N=CH-, a 1,4-phenylene

group or a divalent group represented by the formula



3

of recurrlng unit of the formula (1) or (Il) and, in the fornula (I1V),
-C-CHt‘err]t is the main chain of the recurring unit (1) or (I1) and the
COQ: gr-oup is positioned at the side chain which is neither R err] nor
Rlerr]; when Ain the formula (I) or (Il) is the formula (I111), Rerr] and
Rlerr] are idependently hydrogen, a Q&r+] al kyl group or phenyl group,
and when Ain the formula (1) or (Il) is the formula (1V), Rerr] and
Rl err] are (Widemerde lor y:drangeRioksa a ] allkgll ogfoaPork cand k'
represent independently an integer of 2 fo mand m are |ﬁHéﬁbndently
0 or 1; Ardkdxy mgfaup), Ar[err] and Ar[err] represent independently a
1, 4- phenyl ene group, 1, 4-cycl ohexane group, pyridine-2,5-diyl group or
pyrim di ne-2,5-diyl group; L and L' represent i ndepen- dently -CHerr]-0,
-o0cHerr]-, -COO, -0CCO, -CHerr]- CH[err] -CH=N-, -N=CH or a divalent
gr oup represented by t he fe =N-

[err]

or i s hal ogen,
a cyano C[er ﬁ kayI group

or (Jerr] al koxy gnﬁgn hydr'ogen or a Cferr] al kyl group),
wherei n when the nu ePs of the recurring units (1) and (I1) in one
nol ecul e of said oligoner are supposed to be n and n', respectively,

(wherein R; and Ry represent independently hydrogen, a Cl_2 0
alkyl group or Chmialkoxyl group; and m and { are

independently 1 or 2)
CH,=C(R;) -COORg (VIII)

- (wherein R, is hydrogen or a methyl group; and Rg is a C;_54
hydrocarbon group)

and the composition -of said film is 100 parts by weight
of said liquid crystal oligomer and 0.1-40 parts by
weight of said low-molecular weight compound.

(3) An optically anisotrepic film set forth in (1)
or (2), characterized in that the optical axis of said
film is aligned substantially parallel to the normal
line of said film plane.

(4) An opticélly"aniéotropic film set forth in (1)
or (2), characterized in that the optical axis of said
film is inclined }0—§0°, in terms of angle of elevation,
from the film plane.

(5) - An optically anisotropic film made of a side



n ahd 'n' are independently an integer of 1 to 20 and 4 < n + n' [err] 21,
and fearthes characterized in that the end group of the recurring unit (11)
- is polynerized, and that the optical axis of said filmis aligned
generally to the direction of an angle selected frombetween 0O and
80[err] against the normal line of the ¥3Im (2) An optically
anisotropic filmset faorth in (1) above, sai nlbelng conposed of a

o4 o v st e *ﬁﬁ‘?‘i‘%’fﬁ@?‘iﬁiﬁ%ﬁ” o satortod o
(V1) and Caﬁ?ff?ﬁwe"h b e £ 4“%}1?%%“ ”?&E‘”m" cpr eseht
i(ndez)endentl f’)f Ilhﬁﬁ‘éa’ y?aelhde ]élr ur)éa %%@%I%ﬂfﬁgng éégdﬁ BpSrl di ne- 2, 5-
?rie%”hagwrgyl l@%m%}& oylé{)roup err ]%%Ea a%ro pegfc%i[ﬁesrargjgdglr (Izlcj)gy

group L - ShFti , -CHerr]-CHerr]-

- afé[h%rlflﬁ% ?‘rfé grzbn% d| va ent group represent ed by
theforrrula _ - 18 - (V); pis 0 or 1; and
Rlerr] is a (Jerr] alkyl group or C[err]

A~
Rx—i—(CHz)u—(‘O)TAn—('L)p—Mz—R (IX)

(wherein A is a group represented by the following

formula _(X) or (XI):

|
i— (X) —C—CO00~ (XI)

— ) (N—

wherein, in the formula (X), -Si-O- is the main chain.of
the recurring unit (IX) and, in the formula (XI),

-C-CH,- is the main chain of the recurfing unit (IX) and the
COO group is positioned at the side chain which is not

R,; when A in the formula (IX) is the formula (X), R; is
hydrogen, a C,s alkyl group or phenyl group, and when A in
the formula (IX) is the formula (XI), R, is hydroge'n or a
C,.¢ alkyl group; k is an integer of 2 to 10} m is 0 or

1; p is 0 or 1; Ar, and Ar, represent independently a

1,4-phenylene group,  1l,4-cyclohexane group, pyridine-



aIKBxy group) [err] -~ (wherein Rerr] and R err] represent
i ndep€ndent |y hydrogen, a C1 20 alkyl group or (Jerr] al koxyl group; and m
and.[err] are independently 1 or 2) CHerr]=C (R err])

: (M11) (wherein R err] is hydrogen or a
met hyl group; and Rlerr] is a Clerr] _hygrocarbon group) and the

-COOR[ err]

conposition of said filmis 100 parts by wei ght

of said liquid crystal

ol i gomer an®,G-Hi4fl gardup e pyetighidiries2) 5-d Dyt ngreapt ar. wei ght compound.

(3) . An optically anisotropic filmset forth in (1) or (2),
char act er i zed®HnOt-hat-O+FH,0pt +C@0~ ax+B8COF , saCH,-CH, - iCH=al-i ,grat:CH~
substantially parallel to the normal 1line of said filmplane. (4)

An

optical ly afmrs@ dipralent gxaup fxepresentdd byrtiie)fothawangeri zed in that

t he opti cal
el evat'i on,

axis of said filmis inclined 10-80, in terns of angle of
formml@te filmplane. (5) An optically anisotropic film

made of a side

and R is hydrogen, halogen, a cyano gfoup,_c alkyl

group or C;,, alkoxyl group), and the number 1ofmt:he
recurring unit (IX) is 4 to 10,006, and further
characterized in that the optical axis of said film is
aligned generally to the direction of an angle selected
from between 10° and 80° against the normal line of the
£ilm. | |

(6) A process for producing an optically
anisotropic film set forth in (1), (2) or (3), which
comprises forming a film of a linear-chain or cyclic
liquid crystal oligomer composed of.the recurring units
(I) and (II) set forth in (1), subjecting the formed
film to a heat treatment so that.the optical axis
thereof is aligned substantially parallel to the normal
line of the film, and then polymerizing the end group of
the recurring unit (II).

(7) A process for producing an optically
anisotropic film set forth in (1), (2) or (4) which
comprises forming a film of a linear-chain or'cyclic

liquid'crystal oligomer composed of the recurring units



-'1§"; chain type liquid cryétal pol ymer having positive refractive index
ani sotropys and showing a nematic or snectic phase, said liquid crystal

pol'ymer being.a linear-chain or cyclic liquid crystal polymer conposed of
the followng- recurring unrts (IX): [err] (wherein Ais a group
“represented by the following forrmula @X) -or (Xl): [err]

wherein, in the formula (X), -Si-O is the main chain of the recurring
unit (1X) apﬂz andt perfoaawbaibdl) in {$)Cohesubstira tehsumjactamito of the
recurring unit (1X) and the COO group is positioned at the side chain

whi ch is noin & eghhenvhepedtinentheshbijentingl Xhei odved diimn &£, Rerr]
Is hydrogen, a (Jerr] al kyl group or phenyl group, and when Ain the
formul a (1 ¥eds tbeatmentl ao(xhat Bher optisalydxigewforthe f3lew ikl kyl
group; 'k is an integer of 2 to 10; mis O or 1; p. is O or 1; Ar[err] and
Ar[err] reppesabilghedep@rnl@fi| gnaterms- picaphgdee ofr @levariony dxgmxane

group, pyridine-

the film plane, and then polymerizing the end group of
recurring unit (II).
(8) A process for producin§ an optically
anisotropic film set forth in (5), which comprises
formihg a film of a linear-chain or cyclic liquid
crystal polymer composed of the recurring units (IX)
described in (5) on a substrate subjected to an align-
ment treatmeht, and subjecting the formed film to a heat
treatment so that the optical axis of the film will be
aligned 10-80°, in terms of angle of elevafion, from the
film plane.
(9) A process for producing an optically
anisotropic film set forth in (7) or (8), wherein the
alignment treatment of the substrate is to carry out
oblique evaporation of an inorganic material.
(10) A laminate of an optically anisotropic film
and a hydrophilic substrate, obtained by laminating an

| optically anisotropic film set forth in (1), (2) or (3)
and a transparent or semitransparent hydrophilic
substrate. |
(11) A iaminate_of an optically anisotropic film
and a hydrophilic substrate set forth in (10), wherein
the substrate is a glass plate, a hydrophilic polymer

£ilm or a laminated film consisting of a hydrophilic



- 20 -° 2,5-diyl group or pyrinidine-2,5-diyl group; Lis -CHerr]-0O,

-OCHerr]s, -COO, -OCO, -CHerr]-CHerr]-, CH=N, -N=CH or a divalent
group .represented by the follow ng formla: -N =N
[err] and R is hydrogen; hal ogen, a cyano group, C[err] alkyl group or
C err] al koxyl group), and the nunber @2 the recurring unit (IX) is 4 to
10,000, and further <characterized in that the optical axis of said filmis
al i gned genpoiygrt 6ileadir actransparantang egdtyansparendm bet ween
10[err] and 80[err] against the normal liné of the film (6) A
process forpplpneri iglmn optically anisotropic filmset forth in (1), (2)
or (3), which conprises forning a filmof a linear-chain or cyclic liquid
crystal oli ¢dB®r conpdspgosessh&orePEPARFINGnR SOMPOSIER] (11) set forth in

(1), subjecting the formed filmto a heat treatnent so ft. atc&h%Ioptica
== 19

axis ther evetazdatignedidios WBACTaCPPPEASRS SO E
film and then polynerizing th

uni t

ne of the

linear-chain or cycii%”ii%LS%Pc%§s£%ﬁ?ﬁéT?ﬂé@ %%mposeéll)'

of said recurring units (IX) and showing a nematic or
smectic phase on a uniaxially oriented retardation

film having the optical axis in the film plane, said

film also having positive anisotropy of refractive index

and made of a tﬁermoplastic polymer, and heat-treating
the formed film at a temperature above the liquid
crystal phase/isotropic phase transition temperature.
(13) A process for producing a composite
retardation film, which comprises forming a film of a
linear-chain or cyclic liquid crystal polymer composed
of said recurring units (IX) and showing a nematic or
smectic phase on a substrate having a glass transition

temperature higher than the liquid crystal phase/

isotropic phase transition temperature of said liquid

crystal polymer, heatétreating the formed film at a
temperature above said liquid crystalﬂphase/isotropic
phase transition temperature, and laminating the
substrate having formed thereon a film of said liquid
crystal polymer and a uniaxially oriented retardation
film having the optical axis in the film plane and
showing positive anisotropy.of refractive index.

(14) A composite retardation film set'forth in

(13), wherein the substrate is a polarizing film.



(7)f . A process for produEing an optically anisotropic filmset forth
in (1¥, (29 or (4) which conprises formng a filmof a |linear-chain or

cyclic liquid crystal oligonmer conposed of the recurring units

- 21 - (1) and (I1) described in (1) on substrate subjected to an

al ignment treatnent, subjecting the Lopged filmto a heat treatnent so
that the optical axis of the filmwll be aligned 10-80, in terns of angle
of el evatiomsfrom thelhkfiipeascg, aandpthealpyl prdsictinepiche idad group of
recurring unit (I1). (8) A process for producing an optically

ani sot r opi cgét! foseh Lnr(hojnand) a ehbshrateprisedd shdstingren Heing of a

| i near-chain or cyclic liquid crystal polymer conposed of the recurring
units (1X) adestakbedlinogsentrdaretbrdasionsfijlacthaying &henlign- nent
~treatnent, and subjecting the forned filmto a heat treatnent, so that the
optical axisepbicaheakibnini thepdilm pdane.162dd fidm &4 J2HRA e of

el evation, fromthe filmplane. A process forzéroducing an

1 m ] (9) .
optical ly pesitiveptsactivesindes erispteppYorndmadm&®eid the alignnment

treatnment of the substrate is to carry qut _oblique .evaporation, of an
i norgani ¢ nﬁhermaPlaSG}G)POIYWRrhaHPﬁiﬁénOFhﬁ1 qﬁﬂﬁ)}%ﬁ%ﬁxﬁ#opic film

said laminate is defined by the following formula (1):
n, > n, > n, (1)

(wherein n, and n, are the maximum value and the minimum
value, respectively, of the in-plane refractive index of
the laminate, and n, is the refractive index in the
thickness direction of the laminate).
(16) A composite retardation plate obtained by
laminating a uniaxially oriented retardation film having
the optical axis in the film plane, said film also
having positive anisotropy of refractive index and made
' of a thermoplastic polymer, and a laminate of an
optically anisotropic film set forth in (10) or (11) and
a hydrophilic substrdte, wherein the refractive index of
said composite retardation plate is defined by the

followiné formula (1):
n, > n, >n, ' (1)

(wherein n, and n, are the maximum value and the minimum

| value, respectively, of the in-plane refractive index of _



and a_hydrophilic substrate, obtained by lam nating an optically
anisofropit filmset forth in (1), (2) or (3) and a transparent or

sem transparent hydrophilic substrate. (11) A |l am nate of an
optically anisotropic film” and a hydrophilic substrate set forth in (10),
wherein the substrate is a glass platgq a hydrophilic polynmer filmor a
| am nated fil mconsisting of a hydrophilic

- 22 - pol yRErchhpsE2BE fethpasbabRNpleteedhlr apshrene pol yner film
(12) . A process for producing a conposite retardation film which

conpri ses fpapragtavéi LAdek &n thaeehickaessodiggekionl ofuisaier yst a
pol ymer conposed of said recurring units (1X) and showi ng a nematic or
smecti ¢ phassmbnatednceanpasiyeoreearddtiehapllategn film having the optical
axis in the filmplane, said filmalso having positive anisotropy of
refractive {bh@igx andAnbkaminate ofieanoprientedpdigméd cays$tiadat -treating
the formed filmat a tenperature above the liquid crystal phase/isotropic
phase transpolymerefipdmaandea spbskrate,AspidcEidmf comprdgdaiang a conposite
retardation film which conprises formng a filmof a linear-chain or
cyclic |iqulamingteapfpanyapricakpysanisetropia £édmr selg fomtds i X) and
showi ng a nematic or ' . :

(4) or (5) and a transparent or semitransparent

substrate, on which an alignment treatment is carried

out. |

(18) A laminate of an optically anisotropic film

and a substrate set forth in (17), said substrate being

a uniaxially oriented retardation film having the

optical axis in the film plane, said film also having

positive refractive index anisotropy and made of a

thermoplastic polymer.

(19) A composite retardation plate obtained by

laminating a uniaxially oriented retardation filﬁ having'

the optical axis in the film plane, said film alSo

'having positive refractive index anisotropy and made of

a thermoplastic polymer, and a laminate of an optically"

anisotropic film and a substrate set forth in (17).

(20) A polarizing film-incorporated composite

retardation £ilm charécterized in that a polarizing film

and an optically anisotropic film set forth in any of

(1) to (5) or a laminate of an optically anisotropic

film and a substrate set forth in any of (10) and (15)

to (18) are bonded to each other with a binder or an

adhesive, or a composite retardation plate set forth in



sné%tic phase on a substrate having a glass transition tenperature higher
than Fhe [tquid crystal phase/ isotropic phase transition tenperature of
said Liquid crystal polyner, heat-treating the formed filmat a
tenperature above said |iquid crystal phase/isotropic phase transition
tenperature, and.|lam nating the substpgte having formed thereon a fil m of
said liquid crystal polynmer and a uniaxially oriented retardation film
having the pptjcat ax9s drFe thendéd Mol @aeh antheshwikhga ppsndeveoani sot r opy
of refractive index. (14) A conposite retardation filmset forth in
(13), wher eAdhédeveubstrate is a polarizing film

- 23 - (15): A laminate of an optically artigotropic film set forth in
(10): and a gubptrat e, Ashigusdberystalbdisplay devigeaFhpractemniced
retardation filmhaving the optical axis in_the filmplane, said filmalso
having posiniveatrattieast erg @fi abt PPS}CcaAdYNaRd SEETRPLChELABYI asti c
polymer, wherein the fractive index of said |amnate is defined by the
foll owi ng fsetuferth)in any of (1) ta[éP)} 3 ARBLPRte REecAM (wher ei n
nferr] and n[err]_are the maximumyval ue and th% m ni.num v%lue .
respect i vel gptbealhy anipPERePief £44m 89 Ayspbgtrate set forth in

any of (10) and (15), (17) and (18) and a composite
retardation plate set forth in (16) or (19) is provided
between a ligquid crysﬁal cell and a polarizing film
dispoéed outside thereof, said liquid crystal cell
comprising a liquid crystal layer'held by the substrates
. having the electrodes, said layer having positive
dielectric anisotropy and twistedly oriented 90° to 270°
with the helical axis aligned vertically to the
substrate when no voltage is applied, or a polarizing
film-incorporated composite retardation film set forth
in (20) is disposed on said liquid crystal cell.
(22) A liquid crystal diéplay device in which at
least one of an optically anisotropic film set forth in
any of (1) to (5) and a laminate set forth in any of
(10),'(15), (17) and (18) is provided between a liquid
crystal cell and a polarizing film disposed ouﬁside
thereof, said liquid crystal cell comprising a hoﬁo-
geneously oriented nematic liquid crystal having
positive dielectric anisotropy and held by the sub-
strates provided with the electrodes, said nematic
liquid crystal having'its ma jor molecular axis aligﬁed

substantially horizontally to the substrate when no



the” | aminate, and n[err] is the refractive index in the thickness
direction of the lamnate). (16) A conposite retardation plate
obtgined by lamnating a uniaxially oriented retardation film having the
optical axis in the filmpltane, said filmalso having positive ani sotropy
of refractive index and made of a thergoplastic polynmer, and a | am nate of
an optically anisotropic filmset forth in (10) or (11) and a hydrophilic

substrate, ?Qgggbg-ggea&@ﬁﬁgﬁﬁjve i ndex of said conposite retardation
plate is defined”by the"“followng formula (1): [err] (1)

(wherein n[@ggb and npenamidat e ROmMPRASiHE “apod yted tsubstirataimnd val ue,
respectively, of the in-plane refractive index of

- 24.-  theafORRAgnkd pollgmbatized Lliaudd amysthdr oligonere fils rext i ve
index in the thickness direction of said |amnated conposite retardation
plate). (1fprth iA ladaveat(d )of saidopodiymed Isudpsitdadiey feding pol yner film
and a substrate, said filmconprising a_ lamnate of an optically
ani sot r opi cobithimee byorsubjactifg) aosurfpcen@fa trensRfHeNt @ semi-
sem transparent substrate, on which an alignnent treatnment is carried
transparent polymer substrate to hard coat treatment.
(24) A laminate set forth in above (23), wherein
the substrate is a uniaxially oriented retardation film
- having an optical axis in a film plane, having positive
anisotropy of refractive index, and made of a thermo-
plastic polymer, and said laminate having a refractive

index satisfying the following formula (1):
n, > n, > n, S (1)

wherein n, and n, are the maximum value and the minimum
value, respectively, of the in-plane refractive index of
the laminate; and n, is the refractive index in the
thickness direction of the laminate.

(25) A composite retardation plate comprising a
uniaxially oriented retardation film having an optical
axis in a film plane, having positive anisotropy of
refractive index and made of a thermoplastic polymer,
and a laminate set forth in ébove (23) comprising an
aligned polymerized liquid crystal oligomer film and a
substrate, and said composite retardation plate having a

refractive index satisfying the following formula (1):



out®. :(18) A | aninate of an optically anisotropic film and a substrate
set f®rth+4n (17), said substrate being a uniaxially oriented retardation
filmhaving the optical axis in the filmplane, said filmalso having
positive refractive index ani.sotropy and made of a thernoplastic polynmner.
(19) A conposite retardation pl ate 2¥bt-ai ned by lamnating a uniaxially
oriented retardation filmhaving the optical axis in the filmplane, said
filmalso having posintiwenjefmgctive index anisotropy and (ede of a
t hernopl astic polyner, and a |lam nate of an optically anisotropic filmand
a substrate set forth in (17). (20) A polarizing filmincorporated
conposite retardation filmcharacterized in that a polarizing film and an
optical |y awheweioping &ndnngard diheh maximymovalye)and the BLnAMPAN nate of
an optically anisotropic filmand a substrate set forth in any of (10) and
(15) to (1%plaes mespettivedsoh oft e vintPiane nerfractive h@%@sm , or a
conposite retardation plate set forth in .
- 25 - (16kher comppsite Fetacdatd i afieraif th & Sithderefracmhesi ve.
(21) A liquid crystal display device characterized in that at |east
one of an opdivealindemiigotthepithiginass direction of the composite
retardation plate.
(26) A liquid crystal display device comprising a
liquid crystal cell comprising a liquid crystal layer
‘held between a pair of substrates provided with
electrodes, said liquid crystal 1ayer.having positive
anisotropy of refractive index and twist orientation
torsionally with a helical axis in the direction normal
to the substrates when no electrical voltage is applied,
a pair of polarizing films being.provided outside the.
electrode substratés, and at.least one member selected
from the group consisting of (a) a laminate comprising
~an aligned polymerized liquid crystal oligomer film and
a substrate set forth in above (23) or (24), and (b) a
composite retardation plate set forth in above (25)
being placed between the electrode substrates and the
polarizing films, respectively.
(27) A liquid crystal display device set forth in
above (26), wherein at ledst one member selected from
the group consisting of (a)'a laminate comprising an’
aligned polymerized liquid crystal oligomer film and a
‘substrate set forth in above (24) and (b) a composite

reta:dation p1ate set forth in above (25) is uSed, and



set"forth in any of (1) to (5), a lanminate of an optically anisotropic
film#&nd as substrate set forth in any of (10) and (15), (17) and (18) and
a cpnposite retardation plate set forth in (16) or (19) is provided
between a liquid crystal cell and a polarizing film disposed outside
thereof, said liquid crystal cell con®8sing a liquid crystal layer held
by the substrates having the el ectrodes, said |ayer ha%égg gffitive

[

diel ectric sheseligpedamelymanigad Quist sFystiasr 9119 ¥ with the
helical axis aligned verticm4€/to the substrate mhenr§hvoltage I's

appl i ed, or bgipgl Rliasesy PeteRn by Fordtidf ST dation film set
forth in (20) is dispos on said liquid.Gr . R Aliquid
crystal di sﬁP&?rﬂéﬁl@é‘ [ q\ﬂ]ict%‘sattlt"f t&n%s%)ﬁlaﬁ%%t?%aﬁﬁ%/ ani sotropi c

fil t forth in, f t I th i f
(10) " Cis) Ccomppaite wabedddtidh mlaf G AR Spotel el (0 TN AW 0L

polarizing fil.mdi sposed. ouf s : ﬁgg If lgoud dysiysiaingel |

conpri sing &™§ Fd%d’er?%o%@f%:'é‘%ﬁ{ nexn'atsél?t%:djd qﬁi dd%ryst al llllgvi ng
positive dingg}ric ani sotropy and held by the sub- strates provided with
the el ectrodds ™ said nematic liquid crystal having its major nol ecul ar

axi s aligneq  gyubst anty al i gu fWréApotal | didpLdpaisnss rebmpphemngo

a pair of transparent substrates having.
electrodes thereon aﬁd sandwitching a liquid crystal
cell containing a nemaﬁic liquid crystal layer having
positive dielectric anisotropy and oriented substan-
tially horizontally with a helical axis torsionally
aligned vertically to the substrate when no voltage is
applied, .

a pair of polarizing films positioned outside
a pair of the transparent electrodes, and

at least one uniaxially aligned retardation
film having positive anisotropy of refractive index and
made from a thermoplastic polymer positioned between the
liquid crystal cell and at least one of the polarizing
films, and

at least one layer of optically anisotropic
film set forth in above (1), (2) or (5) being present
between the liquid crystal cell and at least one of the
polarizing films. “
(29) . A liquid crystal display device.comprising'

a pair of transparent substrates having

electrodes thereon and sandwitching a liquid crystal



voltage Is applied. (23) A |l am nate conprising a polynmer substrate
and an alfgned polynerized liquid crystal oligoner filmset forth in
abowve:.(1); said polynmer substrate being obtained by subjecting a surface
of transparent or sem - transparent polyner substrate to hard coat
treatment. (24) A lam nate set _fggth in above (23), wherein the
substrate is a uniaxially oriented retardation film -having an optical axis

in a filmptang, cbarhngingsit hematasi 304ueny cefystaflr acyete Havding and nade
of a thernmo- plastic polynmer, and said | am nate having a refractive index
satisfying pbsitaveodieyetorinl anféprropy and homogemmadsly n[err] >n[err]
(1) wherein n[err] and n[err] are the maxi num val ue and the m ni num
val ue, respegienekyd, inf theealmoptaheriebn&atli dd rnewtehorofwharmhend am nat e; and
nferr] is the refractive index in the thickness direction of the |am nate.
(25) Avodtpgei e appaiegdyi 8ndpl ate conprising a uniaxially oriented
retardation filmhaving an optical axis in a filmplane, having positive
ani sotropy of refracti pairneéxparariadagofidmsh@osdfiioned putside, and a
| am nate set forth in above (23) conprising an aligned polynerized |iquid
crystal ol i goRRirf PEnthAJtEANSRBELNA: @1legkdodgiss @d%hosite retardation
plate having a refractiye index s%tisfyi%g the followng fornula (1):
at least one layer of the optically
anisotropic film set forth in above (1), (2) or (5)
being present between at least one of the polarizing
films and the liquid crystal cell.
The present invention is further illustrated
below.
The liquid crystal oligomer composed of the
recurring units (I) and (II) and the liquid crystal
polymer composed of the recurring units (IX) used in the
present invention are a side chain type liquid crystal
oligomer and a side chain type ligquid crystal polymer
which have positive anisotropy of refractive index and
assume a nematic or smectic phase in the state of ligquid
crystal. The backbone of the side chain type liquid
crystal oligomer or polymer is constituted by, for exam-
pie, a poly-l-alkylacrylic acid:ester or a polysiloxane.
- Such an oligomer or polymer may be of a linear-chaip or-
cyclic structure. In the case of liquid crystal
bligomer, however, the cyclic structure is preferred
because of better chemical stability. Preferred

examples of pély-l-alkylacrylic acid esters usable for

said purpose are polymethaéryliC-acid esters and



v k4 . .
- 27 5 nferr] > nlerr] > n[err] (1)
wherein n[&rr] and n[err] are the maxi num val ue and the mni mum val ue,
respectively, of .the in-plane refractive index of the conposite
retardation plate; and n[efr] is the ref rac- tive index in the thickness
direction of the conposite retardatiomgplate. (26) A liquid crystal
di spl ay device conprising a liquid crystal cell conprising a liquid

crystal |aypblyher§ihet weed @sfids ,OfthwlFimadre oaimy imtate Wi th el ectrodes,
said liquid crystal layer having positive anisotropy of refractive index

and tw st- opirefiezbbde. t amdngnahlesensiiien dimdiirc alymxilsiquid hergdt£Lt i on
normal to the substrates when no electrical voltage is applied, a pair of
pol ari zi ng biligemesisn@rppoliytedsquithicke tdfe.theelpddtysidexanesstbad s, and at
| east one nenber selected fromthe group consisting of (a) a |am nate
conpri sing aze piredesdedol yfhereeds igpnarallystuded|drgorigr which artte a
substrate set forth in _above (23) or (24), and (b) a conposite retardation
pl ate set foreMp flosely cedptegeitiny 1dimusl asarskedil inee pararartyie
substrates and the polarizing filnms, respectively. (27) Aliquid
crystal di sfWRjCleGTOuPs @RY: demeinaftarn ke Eaferigih e AR iMesQERN one
menber selected frqogm _the rouptifnigsting of (a) a lanmi nate conprising an
s e

al i gned pol §FEMPIedS PGRSE ahane rihnAughy & folded chain

(which may hereinafter be referred to as spacer).

The length 6f_the spacer, type of mesogen
group and polymerization degree of the side chain type
liquid crystal oligomer or polymer used in this inven-
tion are preferably so selected that the transition
temperature from liquid .crystal phase to isometric phase
(which may hereinafter be referred to as liquid crystal

' phaée/isometric phase transition temperature) will
become 200°C or below, prgferably 170°C or below, more
preferably 150°C or below, for facilitating drying at
the time of lamination on the substréte or orientation
treatment.

The side chain type liquid crystal oligomer
used in the presgnt'invéntion needs to be oriented so as
to give positive anisotropy of::egractive index to the
film, and the number of recurring.uﬂits is an important
factor for facilitating this operation. Too large a
number of recurring units leads to a high viscosity and
a high liquid crystal transition temperature, which
necessitates a high temperature and a long time for

orientation, while too small a number of recurring



substrate sef_forth in above (24) and (b) a conposite retardation plate
set fdrth #n above (25) is used, and _ - 28
- «the aligned polynerized li-quid crystal oligomer film being placed
between (A) a uniaxially oriented retardation filmconstituting the
| am nat e -or- 't he conposite retardati-om¥l-ate and having positive
ani sotropy of refractive index, and (B) a polarizing film (28) A
liquid crystdiits samcanss celaxaidicnt /f the orientagieonjundertransparent
substrates havi ng el ectrodes thereon and sandmﬁtchiqg afliguid crystal
cel | cont ai AERENA FIRR i CCURSRA RS v stThe neRers A nd BosPE| tBediel ectric
ani sotropy and oriented substan- tially horizontally with a helical axis
orstonal |y TECHITGHE WEHE ddl) P (T AAR(GATS ShelATRITH Phgh TS
appl i ed, a pair of | ari zi filns positipned tside a
pair of the ztor’ar?gbdartéth‘?y e tt (fgcg:,e and hat n+ i at&)l%%s?fme n
uni axial ly gl r s fi Vi osliiye | sot [ opy of
refractive S’lﬁ(fg'{(]%ndoefﬂrpn%;el rg%ae{:laltc{?éér}%'oépﬁ[}gcs}f)iiﬁ%o %%?i%gs‘ﬁﬂ oned
bet ween the L,.: d4+0i r I d, Al; dfa of & arLzing
films, and oricd i fork %?é%egs??'l)gne _ ayelré_rg’f S‘Ibrf)%ir}gaT-I?/ g‘ﬁ?gg r%%)i c film
set forth iR auerily id Dnhdrdnge T P'EFNs 5 : 1, more
| preferably 1 : 3 to 3 : 1. The n/n’ ratio may be
properly adjusted when synthesizing the liquid crystal
oligomer as described later.
In the case of the side chain type liquid
crystal polymer composed of the recurring units (IX),
the polymerization degree should be 4 to 10,000,
preferably 4 to 1,000, more preferably 4 to 21.
The liquid crystal transition temperature and
orientation characteristics of the side chain type |
liquid crystal oligomer or polymer are also affected by
the spacer connecting the mesogen group to the backbone.
Too short a spacer deteriorates the orientation charac-
teristics of mesogen group, while too long spacer tends
to cause relaxation of orientation. Therefoge, as
spacer, alkylene group or alkyleneoxy group with a
carbon number of 2 to 10 is preferred. C,, alkylene or
alkyleneoxy group is especially preferred because of
 easier orientation. For facilitation of synthesis,
alkyleneoxy group is more preferred. Typical examples

of the preferred groups are: -(CH,),, -(CH;);~-, -(cnﬂ;-,

~(CHy)s=; =(CHy)e -(CH;)3-0~,-(CH;)~0-, =-(CH;)s~O- and



betmeen the l'iquid crystal cell and at |east one of the polarizing filns

(29) B quid crystal display device conprising a pair ef
transparent substrat es havi ng el ectrodes thereon and sandwitching a
liquid crystal - 29 - cell containing a

nematic I'iquid crystal layer having poXd t7ve dielectric anisotropy and
honmpbgeneously oriented in the alnost horizontal direction when no voltage
i s applied, ~4fH2)6=0-- a pair of polarizing films posi ti oned outside a

pair of the transparent el ectraode t one | ayer of
the optical | t 1@1‘1‘%%’?@%@&?@? %’aﬁib"xf’éia]iq ‘g bei
prgsce)lr[t)t ! ggt \agggz%eio%ait | %%’e t he vpol ari IZI},C# é‘;ﬁlﬁz%a%daﬁﬁe%ﬁ%d S

t al I t%?ﬁ%
(l;relygwa o éﬁd' i qui d ecr ystnqif fg 2 %chrre &?edmé)ér e%ét}g [ecurring
lrjgl:fjfr |( ln) 3fr3|§t Fﬁf)r ané'“l d‘m il ry 3 Jb%l SO fgcha| n type
liquid cgrgysflgfea é’l"txé%lﬁ% q‘é“%ng}gﬂndg'sg%&f%%@% iqui crysts%t pol yrer .yp
whi ch have §8§5}:‘ %t %tér%g)& .:?f;aafée%f‘e | R AN Oy ASSURE- @, ATt i ¢ or

t he Sstate [

snmectic phase
which can provide such mesogen group include those of

the oligomers composed of the recurring units (I) and
(IX) whefein Ax,, Ar,, Ar, and Ar, represent indepen-
dently 1,4-phenylene group, 1l,4-cyclchexane group,
pyridine-2,5-diyl group or pyrimidine-2,5-diyl group.
They also include the structure in which the divalent
group L connecting Ar; and Ar, or Ar, and Ar, is -CHZ-O-}
~0-CH,~, -CO0-, -0CO-, ~CH,~CH,-, ~CH=N~, -N=CH- or
~N = N-, and the structure in which Arl and Ar, or Ar,
\ / |
-0
and Ar, are directly bonded. More preferably, Axr,;, Ar,,
Ar; and Ar; are independently 1,4-phenylene group,
pyridine-2,5-diyl group or pyrimidine- 2,5-diyl group,
most preferably 1,4-phenylene group. Preferably the
connecting groups L and L’ are independently -CH,-CH,-,
-CO0O- or -0CO-, more preferably -COO- group.
The group R in the recurring units (I) and
(IX) influences dielectric é.nis_otropy or orientation
performance of mesogen group, so that R is selected from
»  halogen, cyano group, C,.;, alkyl group and C,_m alkoxy
group, preferably cyano group, C,.,, alkyl group and C,_,,

alkoxy groixp, more preferably éyano group, for 'obtain.i.ng



cryStdl. The backbone of the side chain type liquid crystal oligoner or
pol ymér issconstituted by, for exam ple, a poly-1-alkylacrylic acid ester
~or g polysiloxane. Such an oligoner or polymer may be of a |inear-chain or
cyclic structure. In the case of liquid crystal oligomer, however, the
cyclic structure is preferred because better chem cal stability.
Preferred exanples of poly-I-alkyl acr ¢ acid esters usable for said

ur pose are l.ynet hacryl.i i s r . : .
PUSSC Dol pharirg Faivp el BbE Iy Myl eryscal polymer film,
these side Cr}_g-,'g”.stt%‘?xde'aws%ﬁ%bé} foh AU £ B Ve O ndk YMers, those of the

sis a preferred.

polysiloxang' T There 1s generally used one in which the

group closely rel ated fif i ichaY ¥ty ide dHOPREdyr-{NGi GRiE" QER) MY
herei nafter be referred to as nmesogen Tgroup) is bonded to the backbone

through a fgql %nd g@@:{f £d2V 168 M Yo st s drefo e el Bigeddt ergstapacer).
t spac

The length o er, type of nesogen group and polynerization degree
of the side QRYdmd By pdliHiekidasic . ol Py dzalpDe yGESUPSs edsaBlbhi s

inven- tion are preferably so selected that the transition tenperature
fromliquidie wiiiad ipheation iamethdse phfisthe (Sdrmnbl aeyOb@+ERNACHSr be
referred to as liquid crystal phase/isonetric phase transi-tion
tenperat ure)(r lils hydrogen or C,.s alkyl group), which include
acrylate groups and methacrylate groups. The polymer-
ization method of these groups is not specified, but
usually photopolymerization or thermal polymerization
using a radical polymerization initiator is employed.
Photopolymerization is preferred for easiness of
operation and high orientation fixing efficiency. Known
photopolymerization initiators can be used.
Examples .of the nonpoiymerizable mesogen
groups usable for the linear-chain or cyclic liquid
crystal oligomers composed of the recurring units (I) or
the linear-chain or cyclic liquid crystal polymers

composed of the recurring units (I) are shown in Tables

1-4 .



becom&*f 200[.érr]C or bel-ow, preferably 170[err]C or below, nore preferably
150[ err] C ot below, for facilitating drying at the tine of |anination on
the substrate or orientation treatnment. The side chain type
liquid crystal oligonmer wused in the present invention needs to be oriented
SO as to give positive anisotropy of rét riktive index to the film and
the nunber of recurring units is an inportant factor for facilitating this
operation.. To =g i iy o=l i i

N & a =

pge—pni-t-odignde—te—g=—hizgh vi scosity
and a high lifguiid drystal transition tenperature, which necegsitates a
high tenperatyye jag a long tine for origntation, while too srjall a nunber
of recurring I N @ = Q2 g - 81l @ upitg cause
rel axation of [hel &rlientation under aroupd room tenperature. The nunbers n
and n' of the | refcurfring units (1) and (lI]) are each an integer of 1 to
20, andthey e gellected so that n 4+ n' £ A4 to 21 Ln_view off ori entati on
characteristi difixation of orientatjon after polynerizatiffon, the n :
n' ratiois efeeably in the range fromJl1 : 5to 5 : 1, nore| preferably
1: 3to3: The:;n/n;, ratdo gaygbe aprppenl y adj ugedquhg;n nt hesi zi ng
the liquid crypta = ol i gonmer~as”desStriBed| | afer. ~* I nft he case of
the side chaintype|iquid
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crysté] pol ymer conposed of the recurring units (IX),
degree shodld be 4 to 10, 000,

21. «

trans

characteristics of the side chain type

are also affected by

backbone.

| of

ile too_l

ition tenperature and
l'iquid crystal

t he pol ynerization
preferably 4 to 1,000, nore preferably 4 to
. The liquid crystal

orientation

ol i gomer or pol yner
t he spacer connecti3®y The nesogen group to the
Too short a spacer deteriorates the orientation charac-

teristics of I ol whi ause
rel axation dof ofientation. Therefore, as spacer, al kylene gfoup or
al kyl eneoxy jpr o @@Mtrla. carbon nunberfof 2 to 10 is prefernfed. Cerr]
al kyl ene or | al kyllenesxy gﬁouEnge ec aHgy prgf el edibefRauge of easier
orientation.|| Fof Flacifitation of “synthekis, alkyleheory groldp is nore
preferred. Typifali exanples of the preferred groups are: -(¢Herr])[err],
-(CHerr])[efrit. t(CHerr])[err]- (CHerrDJerr]-,  -(CHdrr])[err]-,
-(CHerr])[efr]t Q| -(CH err])[err]-O, t(CHerr])[err]-O and
- 32 - -(CH err}%[err]-(}. t is desirable that griented liquid
crystal ol igonptIfilen of Lhis invenkiop has pogitiye @ni ot flopy of
refractive ifpdek=land®for Thi § réhsofl, pesBgen group dsed inf this
invention is praﬁ?rably one which has positive anisotropy off refractive
i ndex. The Jtrctures which can provi gde such nmesogen group [fi ncl ude those
t he ol igpnefs conposed of the recurfing units (lI) and
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(II) Wherein Ar[err], Arf[err], Ar[err] and Ar[err] represent indepen-
dent ¥y 1, & phenyl ene group, 1, 4-cycl ohexane group, pyridine-2,5-diyl group
or spyrimdine-2,5-diyl group. They also include the structure in which the
divalent group L connecting Ar[err] and Ar[err] or Ar[err] and Arf[err] is
-CHerr]-0,- -OCHerr]-, -C0O, -0CO,- [err]-CH err]-, -CH=N-, -N-CH
or -N =N, -and the structure in which Ar[err] and Ar[err] or Arf[err]

[err] and Ar[err _are directly bonded Mure prefera , Ar[err],

Ar[err] and Ar| arle | ndependently 1, 4- henyl ene group,
pyridi ne- 2, 5-di rgyp or pyrimdine- 2 5-ldi yl group, nost preflerably
1, 4- phenyl ene gr . ~Hr eferably tge %ormec ing grogpsy ahd £ gre
|ndependently- [eré] G—Tﬁerr]d, A- CEO- vor -0C®, ndre-preferably - COO
group. ' Therjgroup R in the recurrfng unlts (1) and (I
i nfluences dieldctrliclanisotropy or orientaftion performance of sogen
group, so that i s sglected from hal ogen,j cyano group, Cerr] 4dl kyl group
and - C[err] al ko gt::cup, preferably cyano group, C[err] alkyl gfoup and
Cerr] al koxy oup < [norwe prekerabl y» cyanol grgup, gor fpbtai ngng
- 33 - aliquid criystal -@Ilgo-werr-nor-ilquld crystal-—'pol-—yrre-r fr m'" wth
strong ani sotro of Zrlefractive index. The term nal gfoup of the
recurring unit (J1)| 'ils a group for fixing prientation of the |iduid
crystal
S
Az 88 32| 5 8388 ¢
o - - - A A - - - A -
(&)
Y8
L4
Q
[
(=) .
2 ]
3 2 22 23| 2 8 %9=8=%
o — N = 1 — - o e
]
[
®
i t
- 8 .9 5 32 3 % 9 35 5 &
'y
"
T - ~ =® o n vt ~ Tl o n
o 4 A 4 3 a a3 3 A
]
= 3? -""2 :2 [ = 3? =: 3-:- [
=1 FEgEY ) F BEE

Ary- (L) -Ar,
~o)ren <0y
| - © w6




ol i gomer by pol ymeri zation. Pol ymerizable groups usable in this invention
are those of the fornula -OCO CR =CH err] (R[err] is hydrogen or CJerr]

al kyl ; group), which include acrylate groups and nethacryl ate groups. The
pol ymer- ization nethod of these groups_is not specified, but usually
phot opol yneri zati on or thermal polyner zafi 6n  usi ng a radi cal

polyneri zation initiator is enployed. Photopolynerization is preferred for

easiness of o pd_bigh-orieptation-—tix-pa—a=ganey—NnoWn
phot opol yneri zgtign initiators can be used. Exanpl esfiof the
nonpol ymeri zablfle rfeqggen groups usable far the |inear-chain_orjcyclic
liquid crystal olig(me@ coigposBd B the|reclirriiy u§it33(l% of the
| i near-chai n orf cycGilc I qui @ crystdl Pbl ymerS conpoSed ‘of thefrecurring
units (1) are dghown:ijn Tables 1-4. - 34 - Jerr]
- 35- [err]
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-36 - [err] - 37 - [err]
- 38 ¢ ‘ Anong these nesogen groups, those of Nos. 1-18, 31-48,
61-78, 181-198 and 211-228 having cyano group or al koxyl group are
prefefred. Those of Nos. 31-42 are especially preferred. O these nesogen
groups, those bonded to the polysil oxane-based backbone are preferred for
hi gh orientation performance. Those -b@8ded to the cyclic sil oxane backbone
are nost preferred. Exanpl es of the pol ynerizabl e mesogen
groups Among these mesogen groups, those of Nos.

1-18, 31-48, 61-78, 181-198 and 211-228 having cyano

group or alkoxyl group are preferred. Those of Nos.

31-42 are especially preferred. Of these mesogen

.groups, those bonded to the polysiloxane-based backbone

are preferfed for high orientation performance. Those

bonded to the cyclic siloxane backbone are most

preferred.

Examples of the polymerizable mesogen groups
usable for the linear-chain or cyclic liquid crystal

oligomers composed of the recurring units (II) are shown

in Tables 5-7.



usable for the linear-chain or cyclic liquid crystal oligonmers conposed of
the recurring unlts (I'1) are shown in Tables 5-7. - 39 -
[ers]. - 40 - [err] [err]
- 42 -

-39 -

-(CH;)5-0-
246
252
258
264

- (CH,)4-0-
245
251
257
263

-(CH;);-0-
244
250
256
262

Spacer

-(CH3) 5~
243
249
255
261

Table 5

-(CHy) 4
242
248
254
260

~(CHy) ;-
241
247
253
259

R’
H

CH,
H

CH,

Arg_( L') P.—Ar4

|



Annﬁg-ihese pol ymeri zabl e nesogen groups, those of Nos. 247-252, 259-264,
271- 276, 31¥9-324 and 331-336 having nethacrylate group are preferred, and
. those of Nos. 259-264 are especially preferred. O these nmesogen groups,

. those bonded to the linear: chain or cyclic polysiloxane-based backbond
are preferred as they give good propertTe%otb the subject oligonmers or .
pol ymers, and those bonded to the cyclic polysiloxane backbone are

- especially pref : [ ese liquid crystal
pol ymers. or liquidijcnystal oligoners, the nme di sclfosed in
JP-B-63-47759 a JP%{-4-16916 can Qg enBIO/edb Mrg sfecifically, there
can be used a hdd=ji n &hi chs saji d gi-de gha|n soggn-d@roup is added to
t he . pol ysil oxa HaBKborie, or™a method in which an acrylic acid ester or
methacrylic acid est&r] having a nesogen group through fl exi bl e spacer is
pol ynerized. Injcasie |of adding pto-the pollysi | oxane backbone,
the reacting matferifal, thaving the jsanme structlire as the |[side chain nesogen
group of the redurrfi®g units (1),| (Il) and {IX) and hayi ng

- [err]-al kenyl oxyl gripufy pr@ducipg pn gal kysengoxh gro§p (ispacer) and havi ng
unsat urat ed doubj e | BOnd At tha ternnal Ns feafted W tH pol ysil oxane in
the presence offa pkeatinum catalyst. In the jjcase of a liquid
crystal oligoner|| cpnposed of thelrecurring énits (1) arfgd (I1), it is.
possible to contfol {The bonding rptio of theftwo types Jof mesogen groups,
i .e. nonpol ynerifabl & nesogen gropps

::‘QQO\ONQ
5 8. 5|1 8 8| 2 -3
oy .

|l Y

@

%l
A:[\ﬂm-lﬂ'-l'\
sl & X | % & | 2 &
N

0

Q

%’:': e n | o w0

= | &8 S| 5 8| 3 2
T
]
T:m'-lhnm:n
Zl s S| 8 2| & &
v

x| = §| = §| = 8§
(o 19 |9
~1 o = =
|8 -~ |8 -~ | g -
1
Ho | |&




- 43 -: and pol ynerizabl e nesogen groups, by adjusting the feed rate of
the reacting material relative to said nmesogen groups in the reaction.
Sim¥Fkarly, for those oligonmers in which the backbone is an acrylic acid
ester or an f[err]-alkyl-acrylic acid estef, the ratio of the polyner-

i zabl e nmesogen groups to the nonpol yneri zabre nmesogen groups can be .
‘control |l ed by adjusting the mnoner feed rate when two types of nonomers

“having the.corfesponding nesoger groups are€ copo ynefr}ed. The
li.quid crystaljjol}| gpner obtained |in the manner describyd above is
preferably onej whj chl shgws the, nemsjic of spnectic ppas¢. The one which

- shows the- -smeftif Phasg is prefdrred becuse of hiqnerloptical
ani sot ropy. R The cryst liquid crystal
phase transitipn {en i gomers is not
specified in thislaMention: epr at ure.

For making a f{l ni aliquid cr , quuid‘crystal ol i goner
conposition orfli d crystal po is orientefl in a specific
di-rection agaipst Pﬁ% n8rmal 13ing ofSthe &iljm & nmetHod|l is generally
enployed in which| &filthis foPned of a Bubstr3te sTbjcted to an
alignnent treafnmeptyjand then thel liquid cryjstal oligongr, oligoner

- conposition or
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T - . .
polyner is oriented by a heat treatnent. The conditions of the orientation
treatnment Jdf the substrate and the heat treatnent for orientation varies

dependj ng on the - - 44 - direction of
orientation, so that they are properly selected case by case.

The nethod for making a filmof a |igquad ~crystal oligoner, liquid crystal
ol i gonmer conposition or |liquid crystal polymer is also not specified in
this invention. ForaAmnongabkeseapatynetizaplbemesngedngdolPs which a
liquid crystal oligoner, | iquid crystal oligoner conposition or |iquid
crystal pol yineseiof cBos ed24N-3525uBB8r364.i R7a-378tre 3P -384u@6h or in a

state of isotrogic phase. Coating in a state of solution is_ preferred.
Coat i ng may3bb-3386ohpyingcreb)acrilakry ITREPHAEE PEEACETeHs| RNGDat i ng,
gravure coating, bar_ coating pi n coating, ray coating, prJnting, dip
coating,. etkoseTpE Bﬁ?ai%%%‘?Féu?ﬁecF§9F5336ﬁ898¥§ eEFegpolgﬁér film may
be used in the formas it is, but gt LS r.ef.erabl m_nated on a

, those bo$

substrate fEPeﬁﬁnﬂ%?BQ%P gERuPsS, = H&dtﬁ90§ﬁgg 18F<gai d 1i qui d

crystal ol SRR o9 oSl HILoly b LBpRLEREEH olidebd 23 1T II T

imt g' ffgﬁgg;%gfieg; 5! BRly Og1vbehbb prerkibd! €8 eheAkuledial | 1o
oligomers or polymers, and those bonded to the cyclic
polysiloxane backbone are especially preferred.

For the synthesis of these liquid crystal

polymers or liguid crystal oiigcmers, the methods
disclosed in JP-B-63-;7759 and JP-A-4-16916 can be
employed. More specifically, there can be used a method
in which said side chain mesogen group is added to the
polysiloxane backbone, or a.method in which an acrylic
acid ester or methacrylic acid ester having a mesogen
group through a flexible spacer is polymerized. In case .
of adding mesogen group to the polysiloxane backbone,
the reacting material having the same structure as the
side chain mesogen group of the recurring units (I),
(II) and (IX) and having ev-alkenyloxy group producing an
alkyleheoxy group (spacer) and having unsaturated double
bond at the terminal is reacted with polysiloxane in the
presence of a platihum catalyst.

In the case of'a-liquid crystal oligomer
composed of the recurring.units (I) and (II), it is
.possible to control the bonding ratio of the two types

of mesogen groups, i.e. nohpolymerizable mesogen groups



prgpefties; and when the filmthickness exceeds 20 [err]m the filmis

hard o orfent. For making a filmof a liquid crystal oligomner
or diquid crystal oligomer conposition having the optical axis
substantially parallel to the normal line of the filmaccording to this
invention, a filmof said oligonmer @ 409 igonmer conposition is forned on a
hydr o- ' - 45 - philic substrate and then

the filmisagai palgtheriPablal aeisogenayrioapisC b lddsiuedt g s -faeit i ng
said filmof liquid crystal oligonmer or oligoner conmposition at a

t enper at ur erabeveft khet Feasitingn maeendiadt wed ftriore ttdhesadrd/ stedogdrase or

gl ass phase to the liquid crystal phase (this transition tenperature may
her ei naf t er ggoupsefier the treaztidy). aSdmidlamditheanr aiwiss onligomarsat ure
fromthe liquid phase to the isotropic phase (this transition tenperature
may her ei nafhewhiieh ¢her badkbonsgs isTian agryldic tdmidheatan @ mmt
tenperature (which may hereinafter be referred to as Tt), preferably Tg +
30[err] C <cfalkyli-acaydichedidaestesat e ratin afertdis pame®ed out at a
tenperature defined by Tg + 40[err]C < Tt < Ti. The time of heat treatnent
i s not critiieablienmesiogen growpsoto Bl npHamenl ke MPI9FRN resul ts in
unsati sfactory honeotropic orientation, while too long a heating tine is
undesi r abl e IEOUBEC GRghiReaIcondFdded Py adjusting the monomer tfeed

rate when two types of monomers having the corresponding
mesogen groups are copolymerized.

" The liquid crystal éligomer obtained in the
mannexr déscribed.above is preferably one which shows the
nematic or smectic phase. The one which shows the
smectic phase is preferred because of higher optical
anisotropy.

- The crystal phase or glass phase/liquid
crystal phase transition temperature of these liquid

« crystal oligomers is not specified in this invention; it
may be below room temperature. .

For making a film of a liquid crystal
oligomer, liquid crystal oligomer composition or ligquid
crystal polymer which is oriented in a sbecific
direction against the normal line of the film, a method
is genefally employed in which a film is formed on a
substrate subjected to an alignment tréatment'and then
the liquid crystal oligomef, oligomer composition or
polymer is oriented by a.heat treatment. The conditions
of the orientation tfeatment of the substrate and the

heat treatment for orientation varies depending on the



that the heat-treatment-time is preferably 0.2 mnutes to 20 hours, nore
preferabl y* one mnute to one hour. As a result of said heat treatnent, the
mesogen groups in the liquid crystal oligonmer are oriented substantially
honeotropic to the filmplane, and consequently the film has the optical

axis in the direction normal to the filgga Pl ane. : In the case of
polynmeri zed 1iqutd crystal oligonmer film the filmis oriented so that it
wi Il have digeiiomlofrorsentutian, ald gt athey avetpeoperkml |ine of

the filmplane or in a specific direction and
- 46 - thendlectdadjwaberbystcdseal i goner is polynerized. Polynerization
met hod is not defined, but since the oligomer nust be polynerized while
mai ntai ni ng ori ent at ithe msthaesbdommaking on, £idmi afi anlp@hider- ization
using [err]-rays, etc., or thermal polynerization is preferably enployed.
A known pol yarers task iqﬂringq#atJequmégrplaés%%&}hga!ﬂ%oﬁB!ﬂQﬂéilFiani 8% or
thermal polyner- ization. O these polynerization ngthads, gFotopolyner-

i zati on' and- tigich| CHHA EAk RN 1t L 1T ROT BPPOFILER PR ERLF of the.
process. Photopol ynmerization, is nost referred for. high stability of

or i ent at | on Anvention. = RO CASFATRE ¢ forMurhed cBeRehe FERBEPIE: &% o

the TTquid chystla PPESEd SO QBLE SPR6ndE P quid crystal oligomer

bel ow

composition or liquid crystal polymer is coated on a
substrate in a state of solu;ion or in a state of
isotropic phase. Coating in a state of solution is
preferred. Coating may be accomplished by ordinary
ﬁethods such as roll coating, gravure coating, bar
coating, spin coating, spray coating, printing, dip
coating,. etc. The obtained liquid crystal oligomer or
polymer film may be used in the form as it is, but it is
preferably laminated on a substrate for commercial use.

The thickness of said liquid crystal oligomer
or polymer film is preferably 0.1 to 20 um, more
preferably 0.5 to 15 um, even more preferably 1 to 12
um. When the film thickness is less than 0.1 um, the
film material may fail to develop its normal optical
properties, and when the film thickness exceeds 20 um,
the film is hard to orient.

For making a film of a liquid crystal oligomer
or liquid crystal oligomer.composition having the
optical axié substantiéily parallel to the normal line
of the film according to this invention,'a film of said

oligomer or oligomer composition is formed on a hydro-
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rature, a substrate having a hydrophilic surface can be

dsed for providing orientation substantially parallel to the
e of the film As such substrate, there can be used a gl ass

singl e body or "a glass plate bonded to a liquid crystal

cell.

possible to utilize a hydroptil4c pol yner containi ng hydroxy
rboxyl ate ions or sulfonate ions. A polyner substrate having a

i phd1d6 wErhstzate and tthens khfeadd lomni heonienrteded.

of

hilic polymers, those having _hydroxyl groups include_ polyvinyl

oRFdempadien Gamye AGHRLIEhRS Bk rhedtntigating said

rides sucgh as pullulan and dextrin obtained fromm crobial
of Lo i L AGIh CRES e Al YERRIE Qorgemer composition

n
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Pl to as Tg) arfd EARA! L AR Es O 1 S S P ILERL Sre

from the liquid phase to the isotropic phase (this

transition temperature may hereinafter be referred to as

Ti). As for the heat treatment temperature (which may
hereinafter be referred ﬁo as Tt), preferably Tg + 30°C
€ Tt < Ti, and the heat treatment is preferably carried
out at a temperature defined by Tg + 40°C < Tt < Ti.
Theltime of heat treatment is not critical in this

invention, but too short a heating time results in

unsatisfactory homeotropic orientation, while too long a

heating time is undesirable for economical reason, so
that the heat treatment time is preferably 0.2 minutes
to 20 hours, more preferably one minute to one hour. As
a result of said heat treatment, the mesogen groups in

the liquid crystal oligomer are oriented substantially

homeotropic to the film plane, and consequently the film

has the optical axis in the direction normal to the film

plane.

In the case of polymerized liquid crystal

oligomer film, the film is oriented so that it will have

the optical axis substantially parallel to the normal

line of the film plane or in a specific direction and



& - .
sul foriate ions is polystyrenesulfonic acid. O these hydrophilic polyners,
pol yvt nyl &l cohol, sodium polyal gi nate, sodiumsalt of polycarboxynet hyl
celd uase, polyacrylic acid, pullulan and polystyrene sulfonic acid are
preferred. Polyvinyl alcohol and sodium poly- alginate are especially

preferred. For orienting the nonpolynerizable side chain type
liquid crystal oligoner or side chair #gpe liquid crystal polymer in the
direction substantially parallel to the normal line of the film either a

hydr ophi | i cthen thayilligphdbretystbdt pdtigomer bhe podymezdidedh this case,

heat treatment is carried out at a tenperature above the uid crystal
phase/ i sot r Bplymehizatiranmethed ﬂénﬁ@ﬁadefﬂuﬁé:opuﬁhéHWQ$ué$%wysta
oligomer or liquid crystal polynmer. The hydrophilic sybstrate used here is
preferably ohégomenhmastt he eeﬁfm@m&ﬁa éfhwlﬁhmﬂ&fléﬁlf’sm%merr] or |ess,

preferably 50 or less. In the cise of, drophog C substrq}e t he cont act
angl e with QEieptation, photopo ymerlzat on, atio err] or

greater, preferably err] or gre ter. hi.l i substrate i's
preferred béEéﬁé@noPségng HBX§0t? Gice gFlgHﬁEWFl ?ﬁiﬁ#% S0l yner s

e e e Lo e AR T WA BRMARA R g, O o
maki ng Saidcan be used in photopolymerization or thermal polymer-
ization. Of these polymerization methods, photopolymer-
ization and thermal polymeriiation are preferred for
simplicity of the process. Photopolymerization is most
preferred for high stability of orientation.

In case the thermal treatment temperature is
below the liquid crystal phase/isotropic phase transi-
tion temperature, a substrate having a hydrophilic
surface can be favorably used for providing orientation
substantially parallel to the normal line of the film.
As such substrate, there can be used a glass plate as a
single body or a glass plate bonded to a liquid crystal
cell. It is also possible to utilize a hydrophilic
polymer cbntaining hydroxj groups, carboxylate ions or
sulfonate ions. A polymer spbstrate having a hydro- |
philic polymer layer at the surface can be also used.

Of the hydrophilic polymers, those having
hydroxyl groups include polyvinyl alcohol, polyethylene-
vinyl alcochol copolymer, and natural polysaccharides

such as pullulan and dextrin obtained from microbial

fermentation of malt syrup.  Of these polymers, poly .



subst Fat e include fluorine pol yners such as polytetra- fluoroethylene and
pol yvi nyl iddene fluoride, polynmers such as polycarbonate, polysulfone,
polyarylate, polyethersulfone, cellulose triacetate, cellulose diacetate
and pdl yet hyl ene terephthatate, and hydrophilic polymers such as pol yvinyl
al cohol and saponified ethyl ene-vinyl ggcet ate copol yner, which polyners
have been subjected to a treatnment for making them hydrophobic. The
treatments y3alul afleoheakiiggpraiferred \ied ey dfopiodmbd liitgh whe coat i ng
with a fluorine polynmer or a surfactant such as lecithin, and reaction of
sai d pol ynmegasihelsaofi hameotaoplicngrdgatatdon.titani um coupl i ng agent.

The tenperature of thermal treatnment of the |liquid crystal oligomer film
or liquid crystal pol ywxamplleayef therpdlomerssfentedinands preferably above
the liquid crystal phase/isotropic phase transition tenper- ature of the

liquid crystacboxyjamer ions| iggilader pelaacyydiigmacifse s ¥Hd™el ow t he gl ass
transition tenperature of the substrate. When the thermal treatnent
t enper - atppéyh§ﬂmk§ﬁ§(ﬂﬁéﬂﬂﬂ&?%ﬁqxi}qy%ﬁ%ﬂdi%ﬂ?%qﬂnégiﬁﬁiQ}Qﬁtethe
?uggtfatSr333%ﬁm%2%%56§%§§§4i¥§$%§3%i§giﬁﬁif{§3%ﬁ1Q%ﬁa%ﬂﬂy°t%ﬁ¥%1e. The
opti el tem%ei-_r z{[hlérsee rp%rl%gnefrosr, tsrc]:opa.‘Lrtll(rauatpo1yalgj.nate, sodium salt of
polycarboxymethyl cellulose and polyacrylic acid are
preferred.

A typical example of the polymers containing
sulfonate ions is polystyrenesulf9nic acid. Of these
hydrophilic polymers, polyvinyl alcchol, sodium
polyalginate, éodium:salt of polycarboxymethyl celluose,
polyacrylic acid, pullulan and polystyrene sulfonic acid
are preferred. Polyvinyl alcohol and sodium poly-
alginate are especially preferred.

For orienting the nonpolymerizable side chain
type liquid crystal oligomer or side chain type liquid
crystal polymer in the direction substantially parallel
to the normal line of the f£ilm, either a hydrophilic or
a hydrophobic substrate can be used, and in this case,
heat treatment is carried out at a temperature above thel
liquid crystal phase/isotropic phase transition tempera-
ture of the liquid crystal oligomer or liquid crystal
polymer. The hydrophilic éubstrate used here is
preferably one in whichlthe contact angle with water is

60° or less, preferably 50° or less. In the case of

hydrophobic substrate, the contact angle with water is



treatn%nt-can be properly sel ect ed by taking into consideration transition

tenpefaturé of the polyner |liquid crystal used and glass transition
tenperature of the substrate used. The al i gnnment treatnent of
the substrate used for orienting the nesogen groups in such a direction as
to let the filmhave t-he optical axis_ifyglined 10-80, in terns of angle of

elevation, fromthe filmplane in the present invention varies dependi ng

on the phasgsostdgpicitifeed, thrR ddHH I TYSteH ¢S€fleer. Use of &Or

i nstance, in case of using a liquid <crystal material showing the nematic
or snectic Aydivphilideubstaate isMiryfsrredebdcausei of aaspbl i que
evapora- tion filmof an inorganic material on the substrate, or a nethod
in whi ch af hemeotrmopiicora ldfgranendbl | (Rhe eviapoophilic opolyhersfusablaor gani c
material, a surface treatnent is carried out with a surfactant such as

| eci t hi n or herekrnmel ddenetite @liicredinaenmiermedigpni ymers havingane coupl - - ing
agent or titaniumcoupling agent. In carrying out oblique evaporation of
an i nor gani hydatostylalgraswpst dambqyarliateraiens apri supfenatabignapplied at a
smal | angl e against the substrate so that the oblique evapora- tion wll
be per f or re@hgnihwsinapholdse Agliymans, usatle  frex¥ gaakingufaidal is preferably
applied at an _angle of  45[err] less, nore preferably 30[er§l or less, in
terms of anfudstdats dnglwie HliATine RPN SuFh 2% Polytetra-

fluoroethylene and polyvinylidene fluoride, polymers
such as polycarbonate, polysulfone, polyarylate,
polyethersulfone,_cellulose triacetate, cellulose

. diacetate and polyethylene terephthalate, and
hydrophilic polymers such as polyvinyl alcohol and
saponified ethylene-vinyl acetate copolymer, which
polymers have been subjected to a treatment for making
-them hydrophobic. The treatments useful for making said
polymers hydrophcbic include éoating with a fluorine
polymer or a surfactant such as lecithin, and reaction
of said polymers with a silane coupling agent or
titanium coupling agent.

The temperature of thermal treatment of the
liquid crystal dligomer £film or liquid ‘crystal polymer
layer formed on a substrate is preferably above the

- liquid crystal phase/isot;opic phasé transition temper-
ature of the liquid crystal oligomer or liquid crystél
polymer used_and below the‘glass-transition temperature
of the substrate. When the thermal treatment temper-
ature is higher than the glass transition temperature of:

the ‘substrate used, there arise the problems in the



= - .
- 50 - The direction of inclination of the optical axis of the
liquid crystal polymer or liquid crystal oligomer film obtained by using
sai é obllque evaporation filmrelates to the direction of evaporation, so
that it is possible to set the optical axis in a desired direc- tion in
the filmplane by fixing the directien48f -evapo- ration. However, the tilt
angle of the optical axis and the evaporation angle do not usually agree
~with each mprbductidnyvprpcdependial aa deéoaimagironoiadde saldt |iquid
crystal material used. The inorganic material used for
evapor at i onstratehe BheseptimalehemprTasupeerangsl  asndhthih@rtrakes
prismatic growth during evaporation. Preferred exanples of such inorganic
material areTERtMERECLanr Pe BFOPEFLY, SREEEELA] byptakiAgoinweg err],

T Li Nb Li T
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The met hod f g Obhﬁ ue evap ratlon is not specified in this invention.
Such evaporﬁ Pofi™ § rgke §c onplished by maki ng use of resistance heat i ng

or electron- bean1hea&hggaq Rﬁeﬁ u%&gg gntE%%p%%g'%yB%?éa q;t&gn beam

heating or sputtering™i's prérerre p05|t|ng a oi nt
e e P! pitpniis 480 SpasbotoGc N bl L1 ool
vi ewpoi Nt 0foURLOLHE! ¥ 18 hAFedeR@SbpRd chlll @xis inclined 10-80°,

in terms of angle of elevation, from the film plane in

the present invention varies depending on the phase

structure of the liquid crystal used.

For instance, in case of using a liquid
crystal material showing the nematic or smectic A phase,
there can be employed a method using an oblique evapora-
tion film of an inorganic material on the substrate, or

" a method in which after formation of an oblique evapora-
tion film of an inorganic material, a surface treatment
is carried out with a surfactant such as lecithin or a
known homeotropic alignment agent such as silane coupl-
ing agent or titanium coupling agent. In carrying out
oblique evaporation of an inorganic material, said
inorganic material is preferably applied at a small
angle against the substrate so that the oblique evapora-
tion will be performed unlformly Specifically, the
inorganic material is preferably applied at an angle of
45° less, more preferabiy 30° or less, in terms of angle

of elévation'from the substrate surface.



and tfRe lower linit of pressure is decided fromthe

- 51~ viktwoint of productivity. Specifically, said evapora- tionis
usual ly carried out under a vacuumof 1 x 10[err] to 1 x 10[err] Terr,
preferably 5 x 10[err] to 5 x 10[err] Terr. . The deposition rate
of inorganic material is also not cri®@cal in this invention, but it is to
be noted that a | ow deposition rate |eads to poor produc-_  tivity while a
hi gh deposition rate Thg HEFFRHt et %ﬁﬁ#%ﬁ#ﬁ%@no?‘tﬁgedQBﬁéFFéd film In
view of this, the deposjtiop rate i r ef er abl et at 0.01.to 10 nnm sec,
more pref erdBhs F 1the) Bgky e%’?YStaf poiyme ?%ei'hﬁﬂﬁdt %Fgﬁﬁggs of the

d ited fil f ip ' terjal ., the f Syt hat |1
1 thi ckrbeeaamst S I doy e oY b EpderaidnpPai duss sPEEBRRE B, kness
BRNURAR S St to detETTorat Sl . s i
hi bkness. Shol EBEAtes 010 1o e SoberEh e £ e BonaPEol?o8s| s885 Ear 1y m
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lrquid crystal, Pol VgL pf1q! eC%gnyEgkiﬂégieﬂgea_ilﬁél:mohatsifngvtab%_or)tical

axis wth arminclTtnation o qgégo orming a filmof said liquid crystal
material on.a.; ¥grtigahéveP! i €Réedistbshsdbeoanghbheptothentaixie bha

the evaporation angle do not usually agree with each

other and vary depending on the alignment ageﬁt-and

liquid crystal material used.

The inorganic material used for evaporation in
the present invention is preferably one which makes
prismatic growth during evaporation. Preferred examples
of such inorganic material are sio, Sio,, SiO,, MgF,, Pt,
Zn0, MoO;, W03, Ta;05, SnO;, CeO,, LiNbO;, LiTaO,;, 2x0,,
.Bigh, TizZr0, and MgO, (1<x<2). Of these compounds, SiO,
sio,, sio,, MgO, MgO,, MgF,, Pt andIZnO are preferred.
Si0, SiO, and SiO, are especially preferred.

The method for oblique evaporation is not
specified in this invention. Such evaporation may be
accomplished by making use of resistance heating or .
electron-beam heating or by sputte:ing. Evaporation by
electron-beam heating or sputtering is preferred for
depositing a high-melting Roint inorganic material. The
degree of vacuum for evaporation is not critical. The
upper limit of pressure that can be applied is decided
from the viewpoint of uniformity of the deposited film,

and the lower limit of pressure is decided from the



* -
formed film In this case, oblique evaporation, rubbing or application of
a magnetic or electric field muy be enployed for aligning the tilt
direction of nesogen groups. Honeotropic orientation treatnent
usual |y : - 52 - conprises nmaking the
substrate surface hydrophobic with a syrfactant such as lecithin or a
silane or titanium coupling agent, but in the case of the liquid crystal

pol ymer or bh&%@%ﬁ@’%&a OGR4 9, t@%&ﬁﬁgﬁdmh}ﬁvﬁﬂd %a;?&PAL

honmeotropi c oriéntation Can be obtained “by I ng the substrate surface

hydrophi i c+3bhefis dauaduy @uaR9ed! oAt under a vaci®WE Surt acg-3i ggrovi ng
nmet hods and techniques can be utilized for nmaking the deposited film

surface hydrgphigH! cred0) ppefadablyd 51et hogti Bowhi ghie-thydee-. philic
pol ynmer contai ni ng hydroxyl groups, carboxylate ions or sulfonate ions is

coated on the substratmhe depasiriohodadte Wi dhdhfasibsidtdeiaF ssbj ect ed
to a plasma treatnent, corona discharge treatnent or ozone treatnent wth

ul travi ol et an@ys noth aitdepdednothiat dnwaandion atbmspheriss ¥s bde pol yner
for making the filmsurface hydrophilic, there can be used said pol yners
havi ng hydnexed ghatpa dotr deposdtimmr sateilepdsartmpdar pamdws- Wen a
hydrophilic polynmer is coated on the

tivity while a high deposition rate may deteriorate

uniformity of the deposited film. In view of this, the

deposition rate is preferably set at 0.01 to 10 nm/sec,

more preferably 0.1 to 5 nm/sec.

Concerning thickness of the deposited film of

inorganic material, the fact is to be noted that.a small

£ilm thickness tends to deteriorate alignment while a

large f£ilm thickness is prejudicial to productivity. In

view of this, the deposited film thickness should be

0.01 to 1,000 pm, preferably.0.0S to 100 pm, more

preferably 0.1 to 5 um.

In case of using a liquid crystal material

showing the .smectic C phase, it is possible to obtain a

liquid crystal polymer or liquid crystal oligomer film

having the optical axis with an inclination of 10-80° by

forming a film of said liquid crystal material on a

vertically oriented substrate and then orienting the

formed'film; In this case, oblique evaporation, rubbing

or application of a magnetic or electric field may be

employed for aligning the tilt direction of mesogen

 groups.

Homeotropic orientation treatment usually



deposi‘ted filmfornmed by oblique evaporation, the coating thickness of
sai d hydrophilic polyner should be’ 1 nmto 10 [err]m preferably 5 nmto 2
[erdé]m nore preferably 5 nmto 1 [err]m for maxim zing the effect of
said Hydro- philic polynmer. Any type of solvent can be used in the above
treatnments as far as it is capable of- dizsolving the hydrophilic polyners
but usually water is preferably used as sol vent. . In the
present i nvenmpaiselsemakingattienisubstrate surface hydrophobic with - 53
- enployed for orienting the filmin a specific direction,_ _and it is
possi bl e t oacsarfactiRatf Suah g d@cdtihdy &F & Fdiane &5 it RO viscosity

and optinmal heat treatnent tenperature in the nDr%{famo abl e rgfges by
m xi ng a | owompldag RgeRdigRutedihdiifd Bafante e %ﬁmrfgqf%a i qui d

ol L goner | polymer STy, AYAHAR O WRATRE G S U mi xod {1t he
Y Ao AT MR R BBl Ao
oo oo 5 b B R SR nyaspmnid i, AEIGE 09 T e
sai d fOf”“b%fyaﬂé*évgﬁ%fakfﬂJw* group having 3-30 carbon
Known surface improving methods and techniques

can be utilized for making the deposited film surface

hydrophilic, for example, a method in which a hydro-

philic polymer containing hydroxYl groups, carboxylate

ions or sulfonate ions is coated on thé substrate, or a

method in which the substrate is subjected to a plasmé

treaﬁment, corona discharge treatment or ozone treatment

with ultraviolet rays, in an oxygen or water vapor

atmosphere. As the polymer for making the film surface

hydrophilic, there can be used said polymers having

hydroxyl groups and the polymers having carboxylic

acids. When a hydrophilic polymer is coated on the

deposited film formed by oblique evaporation, the

coating thickness of said hydrophilic polymer should be

1 nm to 10 um, preferably 5 nm to 2 um, more preferably

5 nm to 1 um, for maximizing the effect of said hfdro-

philic polymer. Any type of solvent can be used in the

above treatments as far as.it is capable of dissolving

the hydrophilic polymers, but usually water is

preferably used as solvent. |

In the present invention, heat treatment is



atonms *or an al koxy group having 3-30 carbon atoms, such as propyl, butyl,
hexyl3 octyl, dodecyl, octadecyl, docosyl, eicosyl, propoxy, butoxy,
hexyl oxy, octyloxy, dodecyloxy, octadecyloxy, docosanoxy and ei cosyl oxy.
Rlerr]' represents hal ogen,-cyano group, neth- acryloyl group, acryl oyl
group, an al kyl group having 1-20 car atons or an al koxy group havi ng
1-20 carbon atons. The al kyl groups and al koxy groups represented by R4

i ncl ude ”EtEM 10%el) lfo P Ent ikl ¥he BRAM .in Oftspecipilecyirectionpcyl
met hoxy, et hoXy, “propoxy, butoxy, hexyl oxy, octyloxy, dodecyl oxy and

oct adecyl oxX¥nd it is possible ltowvohangelltife i phtclkanpotedsstiépsesent ed
by theformula (VI) include, as their preferred exanples,

- 54 -. theggeRpasndritintdridm vdsicos iftyr rardy gptinal heat]
Cyanobi phenyl - based conpounds are especially preferred. Typical exanples
of such conpgeatmente tempearature irthdhe migrerfdvorakblansangeschbyl bi phenyl
and 4-cyano-4'- octyl oxybi phenyl . Referring to the | ow nol ecul ar
wei ght ~ compdmicey reeprmearnlaruan iveigtmsemgannd reeerbPieafd R err]
' lowering the liquid crystal phase/isotropic phase '
trénsition temperature of the liquid crystal oligomer.
The low-moleculér weight compound to be mixed
in the liquid crystal oligomer in the present invention
ié at least one compound selected from the group
consisting of the compounds of the formulae (VI), (VII)
and (VIII) shown and described above.
Referring to the low-molecular weight com-
pounds represented by the formula (VI), Rs'in'said
formula represents an alkyl group having 3-30 carbon
atoms or'an alkoxy group having 3-30 carbon atoms, suéh
as prépyl, butyl, hexyl, oct&l, dodecyl, octadecyl,
docosyl, eicosyl, propoxy, butoxy, hegyloxy,'octyloxy,
dodecyioxy, octadecyloxy, docosanoxy and eicosyloxy.
R, represents halogen, cyano group, meth-
acryloyl group, acryloyl group, an alkyl group having
1-20 carbon atoms or an alkoxy group havihg 1-20 carbon
atoms. The alkyl groups and alkoxy groups represented
by R, include methyl, ethyl, propyl, butyl, hexyl,
octyl, dodecyl, octadecyl, methoxy, ethoxy, propoxy,
| butoxy, hex&loxy, octyloxy, dodecyloxy and octadecyloxy.

The low-molecular weight compounds represented

by theformula (VI) ihélude, as their preferred examples,



represent | ndependent |y hydrogen al kyl group having 1-20 carbon atons or
al koxy group having 1-20 carbon atons. The al kyl groups and al koxy groups
represented by Rlerr] and R err] include nethyl, ethyl, propyl, butyl,
hexyl, ‘octyl, dodecyl, octadecyl, nethoxy, ethoxy, propoxy, butoxy,

hexyl oxy, octyl oxy, dodecyl oxy and oet &deeyl oxy. Exanpl es of the
| ow- nol ecul ar wei ght conpounds resented by the formula (VII) include

4- met hyl berttee chpormds qfeth@lﬁ@gkgwhegoﬁeymﬂlbu(¥E5éﬁzophenone

4-octyl benzophenone, 4- net hoxybenzophenone, 4-ethoxy- benzophenone,

4- but oxybenzophenone, 4-octyl oxybenzo- phenone,

4, 4" - di ret hoxybenzophenone, 4, 4" -di et hoxybenzo- phenone,

4, 4" - di but oxybenzophenone a di octyl oxy- benzophenone. O these :
conpounds, 4-net hoxybenzof re.feHred. I§eIfI§rr| ng to the
| ow nol ecul ar wei ght Tom 4 ( pounds
represented by the fornula I s hydrogen or nethyl group, and
Rl err] is hydrocarbon group having 1 30 carbon atons. The hydrocarbon
groups represented by R err] . include nethyl, ethyl, propyl, butyl, hexyl,
octyl, dodecyl, octadecyl, docosyl and eicosyl. Exanpl es of the

ol el S SbheOTERADNS cORBLRRAS BEDNpbUEATIPubRGL L) el e

Typical examples of such compounds are 4-cyano-4’-

Q
O

hexylbiphenyl, 4-cyano-4’-octylbiphenyl and 4-cyano-4'-
octyloxybiphenyl . |

Referring to the low-molecular weight
compounds represented by the formula (VII) Rs; and R,
represent independently hydrogen, alkyl group having
1-20 carbon atoms or alkoxy group having 1-20 carbon
‘atoms. The alkyl groups and alkoxy groupe represented
by R; and Rg include methyl, ethyl, propyl, butyl, hexyl,
octyl, dodecyl, octadecyl, methoxy, ethoxy, propoxy,
butoxy, hexyloxy, octyloxy, dodecyloxy and octadecyloxy.

Examples of the low-molecular weight compounds
represented by the formula (VII) include 4-methylbenzo-
phenone, 4-ethyibenzophenone, 4-butylbenzophenone,
4-octylbeﬂ§0phenone,4-methoxybenzophenone,_4—ethoxy-
benzophenone, 4-butoxybenzophenone, 4-octyloxybenzo-
phenone, 4,4’-dimethoxybenzophenone, 4,4’-diethoxybenzo-
phenone, 4,4'-dibutoxybenzophenone and 4,4’-dioctyloxy-
benzophenone. O0Of these compounds, 4-methoxybenzophenone
is preferred.

Referring to the low-molecular weight com-



dodécyl acryl ate, octadecyl acrylate, nethyl neth- acrylate, ethyl

nmet hacryl ate, butyl acrylate, octyl nethacrylate, dodecyl nethacrylate and
oct.adecyl nmeth-- acrylate. O these conmpounds, octadecyl nethacrylate is
preferred. . In the present invention, a | ow nol ecular weight
compound i s blended in an anount of ©.%5te 40 parts by weight, preferably
0.5 to 25 parts by weight, nmore preferably 1 to 15 parts b to 100
parts by @ﬁdsofebrqsedtedybyathelfgumela wwéﬁlﬂheRanbﬁngYGFoggald
Iomrnnlecular wei ght conpound is’'less than 0.1 part by weight based on

sai d ol i gons, mébRy2f eoupef anddRs i oh hydreearbenngsend h3vang, 1a38 when

t he anbunt exceeds 40 parts by weight, the conpound nmay %.ve adver se
effect to ¢hebpnopeomses Ghet hydpecauben growps representedriRy Hlsendi ng
met hod i s not specified. The conpound may be blended in a state of

sol ution, ihsbtdepmetplydseetdyd., PEQPYBhe%HFH&rr@Q&Y €t solution is
preferred for facilitation of filmformn

- 56 - dodecylTheckrdesit i RPEREYIn 2 s@ﬁbodled as a substrate

- used for a |amnate of an orlented op |caII i sotrapi.c filmand, a
- transparent or semtr QH%Lﬁ¥ ﬁﬂﬁ%ﬂﬁ BREHY®ent has

Peen Carml o prasented by S%%S%fo%n%l%f (vi%ﬂoq%%de Gl O"d SR £
ate, ethyl acrylate, butyl acrylate, octyl acrylate,
\dodecyl'acrylate, octadecyl acrylate, methyl meth-
acrylate, ethyl methacrylate, butyl acrylate, octyl
methacrylate, dodecyl hethacrylate and octadeqyl meth-
acryléte; of these'compounds, octadecyl methacrylate is
preferred.

In the present invention, a low-molecular
weight gompouﬁd is blended in an amount of 0.1 to 40
parts by weight, preferably 0.5 to 25 parts by weiéht,
more preferably 1 to 15 parts by weight, to 100 parts by
weight of liquid crystal oligomer. When the amount of
said low-molecular weight compound is less than 0.1 part
by weight based on said oligomer, the effect of addition

of said compound is nil, and when the amount exceeds 40
parts by weight, the compound may give adverse effect to
the properties of the produced film.

The blending method is not specified. The
compound may be blended-in-a state of solution,
isotropic phase, etc., but blending in a state of
solution is preferred for faciLitation of film forming

process.



optically anisotropic film there can be used the above-nentioned gl ass
pl ate’and filnms of polynmers having hydroxyl groups, carboxylic acid ions
or sulfonic acid ions. It is also possible to use a transparent or sem -
transparent polymer filmhaving its surface constituted by a hydrophilic
- pol ymer such as nentioned above. The= $6rm of the hydrophilic substrate
~used is thin plate- I|ike or filmlike when the substrate is used for a

" liquid crystal displ aJhelcRFesent IRYeRt PRI &5 r2lse oP™PRELEReR SNt erial . I n

0 BTSSRk SR SRR,

- transparent_oy_senmtran rent .polyner filmgcan_be used as_substrate, and
Cthe film i STBFERORLC 1 O8 Y oF | EREATPBFCRF AT nERPL ETRBFBFATST tho
e iRty fed "o BAELE, 1K Rnt | LIRA LRGN Thal) bBSRT BREEIEE | O

am na anoptically anisotropic

Cfilmand a Gyt opil | {ge SubSLE 2L e 368 LM Mlohlot BEp1 BREIGNb -l BRERKI ON. 1 he

hydrophi l i c sUbstfaté'Ts ctrve for I gni ng e optical axis of the

oo gL A PRk elobtc! Bead endtencan s ssaat Bhe 11mplane
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hydroxyl groups, carboxylic acid ions or sulfonic acid
ions. It is also possible to use a transparent or semi-
transparent polymer film having its surface constituted
by a hydrophilic polymer such as mentioned above. The
form of the hydrophilic substrate used is thin plate-
like or film-like when the substrate is used for a
liquid crystal display deQice. Film is preferred for
polymer material. In the case of an optically
anisotropic film having the optical axis at an angle of
elevation of 10-80° from the film plane, a glass plate
or a transparent or semitransparent polymer film can be
used as éubstrate, and the film is subjected to said
orientation treatment. The form of the substrate used
is thin plate-like or film-like. Film is preferred for
polymer material.

In the laminate of an optically anisotropic
film and a hydrophilic substrate according to the
present invention, the hydfophilic substrate is
effective for aligning the optical axis of the film
substantially parallel to the difection normal to the

film plane. However, since the rubbed polyvinyl alcohol



above; rubbing is undesirable for the hydrophilic polyner |ayer as such
treatfent dgives adverse effect to alignnent of the optical axis.

As the material of the transparent or sem - transparent polynmer film whose
surfate is coated with a hydrophilic polymer or of the polynmer film
serving as a substrate used for obl4 §Fe -evaporation in the present

I nvention, there can be used e.g. polycarbonate, polysulfone, polyarylate,
pol yet her silfoaetscakl al bomogeasoust alignaeny ddm @iSaf@nHiOnsgsh| yst yr ene,
et hyl ene-vinyl al cohol copol yner, polyethyl ene tereph&ﬁ l.ate or a poly-

et hyl ene napbveal gubbing is undesiraifle If9§et|§|@| MIQP J-ad-lcycar bonat e,

pol ysul fone, cellul ose triacetate, polyethylene terelﬂiﬁg te and
pol yst yr enpodyeerplayerr 8§ such treatm%nﬁ-%%%%&m%%f%ﬁ%? th 'qag&is

substantially parallel to the direction normal to the filmin the

| ami nate oRlagnBentcof| FhenPB&CFd @%%S*m and a hydrophilic substrate

according to the present _i nven- .ti.on, I d lamnate i.s subjected to a heat
g o T

treatment under theA§aﬁEecEﬁ&9ﬁ Fﬁ@Qﬁﬁﬁf%ﬂttﬂﬁB%ﬁﬂﬁf cally
PR AT L e R R e
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having a hisggsft!rg\ﬁ’et %@%ﬁr%‘f%blique evaporation in the present
invention, there can be used e.g, polycarbonate, polysulfone,
polyérylate, polyether sulfone, cellulose diacetate,
cellulose triacetate, polystyrene, ethylene-vinyl |
alcohol copolymer, polyethylene terephthalate or a poly-
ethylene haphthalate . Of these polymer;,
polycarbonate, polysulfone, cellulose triacetate,
.polyethylene terephthalate and polystyrene are
"preferred.
For aligning the optical axis substantially
parallel to the direction normal to the film in the
laminate of an optically anisotropic film and a
hydrophilic substrate according to the bresent inven-
tion, said laminate is subjected to a heat treatment
“under the same conditions as in the case of the opti-
cally anisotropic film. Here, it is recommended to use
a.pdlymer which remains unchanged in optical properties
or shape in the working teﬁperature range. In the case
of the thermoplastic engineering polymers with high
glass transition temperature or the polymers-blendea

with a plasticizer, those having a high flow temperature



- 58 - are preferably used. G ass transition tenperature of the polyner
used is not specified, but it is preferably 100[err]C or above, nore
preferably 110[err] C or above. Preferred exanples of the

pol yners which neet the abbove conditions are cellulose triacetate, poly-
carbonate, polysul fone, polyether sulLfgge_and poly- ethylene
terephthal ate. The first four are especially preferred. Then

in case of disd NGr&f GLANTPI1gedl e ¢lass deranystabnotegpatature b$
polynmerized in the same way as the liquid crystal oligoner polymer film
and ori ent ahe tpolymerfuzed. is not speciffhed| abunait ©6 phefpreddmt

i nvention can take another enbodi nent wherein the | am nate conprises an
al i gned pol 0&t¢ zex aboved moystpredergbher 110Pth andabovpel yner substrate
subjected to a hard coat treatnent. As the polynmer substrate,
there can be used e.gPrefebred sexampiee ¢fokheoPoiympsAawischpmepsul f ones,
pol yal lyl ates, polyether sulfones, cellul ose diacetate, cellulose

triacet at e, th®| 3eVe cperditions cdEe ol lulaseohsiacepar§mePSlYpol yet hyl ene
terepht hal ates and pol yet hyl ene napht hal ates . Ampng t hese pol yners,
poIycarmmuﬁ%%9°ﬁéﬁ?suP?%K%E}f%B?yeBﬂiY%ﬁBeFe?BbﬁPﬂS-anPaSQéyand

pol ystyrenes are preferab)e, he term "hard coat treatnent”
means a treER ﬁgeoFeﬁgghF?%ﬁﬁt%f tﬂ%eng§ﬁErfgﬁﬁs?F§t@sRFFHagﬁy

prefe;red.

Then, in case of using a polymerizable liguid
crystal oligomer, it is polymerized in.the same way as
the liquid crystal oligomer polymer film, and orienta-
tion is fixed.

The laminate of the present invention can take
another embodiment wherein the laminate comprises an
aligned polymerized liquid crystal oligomer film and a -
polymer substrate subjected to a hard coat treatment.

As the polymer substrate, there can be used e.gq.
substrates made.froﬁ polycarbonates, polysulfones,
polyallylates, polyether sulfones, cellulose diacetate,
cellulose triacetate, polystyrenes, ethylene-vinyl
alcohol copolymers, polyethylene terephthalates and
polyethylene naphthalates . among these polymers,
polycarbonates, polysulfones, polyethylene terephtha-
lates and polystyrenes are preferable.

The term "hard céét treatment" means a
treatment‘of a surface of the polymer substrate ﬁith a
hard coat agent, e.g. coating; or formation of a hard

coat layer thereon so as to make the substrate surface



hard coat agent, e.g. coating, or formation of a hard coat |ayer thereon
so as to nake the substrate surface - - 59
- harder than the untreated strate in terns of a pencil hardness.

As the hard coat agent, there can be used conventional hard coat agents.
The formation of the hard coat |ayer_cag be carried out by conventional
processes. It is preferable to use a hard coat agent or a hard coating

process so g% ddddicHae R Gritdtatd Ry YrrdayifW Seihb CkpesspehcZi[err] m or

nore or a surface hardness of HB or nore in terns of the pencil hardness,
prefer- ablhardidddsgkness of 5 [err]mor nore, or the surface hard- ness
of H or nore. - As the hard coat agent, there can be used
conventional |y used p@lsywhs haaxrel svdtesagerct y| tinkrgooen bseunsed,
acryl-silicone series, organopolysiloxane series, and inorganic conpounds,
whi ch are dicomvesaridmal PMaast iapa@oagentSecPhe aforibatbonkof ptyes 183 -
191, published by Sangyo G jutsu Service Center Ltd.). From the viewpoint
of al i gnnenthaafd Idaati dayersican die ramried ouwke hyeconventiena bt ed
pol yesters of photocurable resin type, urethane-acrylate resins
epoxy- acryl @imeqesses., Iolienreferahle cto adsasa bryAnepatyagentanss and
I norgani ¢ conpounds is preferable anong these exanpl es.

a hard coating process so as to give a hard coat layer

having a thickness of 2 uym or more or a surface hardness

of HB or more in terms of the pencil hardness, prefer-

ably a thickness of 5 um or more, or the surface hard-

ness of H or more.

As the hard coat agent, there can be used
conventionally used polyurethane series, acryl oligomer
series, acryl-silicone series, organopolysilbxane
series, and inorganic compounds, which are disclosed in
Plastic Coating Technical Handbook (pages 183 -~ 191,
published by Sangyoc Gijutsu Service Center Ltd.). From
the viewpoint of alignhent of liguid crystal oligomers,
the use of unsaturated polyesters of photocurable resin
type, urethane-acrylate resins epoxy-acrylate resins,
polyester-acrylic resins, organopolysilocanes and
inorganic compounds is preferable among these examples.
Further, from the viewpoiﬁt of film-forming property,
the use of photocurable type resins, acryl oligomers and
organosiloxanes is more pﬁeferable as the hard coat
agent.

In the case of forming a liquid crystal .

oligomer layer on the hard coat treated polymer sub-



Further, fromthe viewpoint of filmformng property, the use of
phot ocur abl e type resins, acryl oligoners and organosil oxanes is nore

preferable as the hard coat agent. In the case of formng a
liquid crystal oligonmer layer on the hard coat treated pol ynmer sub-
- 60 - strate, there can be carried g4 .2 conventional surface nodifying

t echni que such as a plasma treatment, a corona treatnent, ultraviolet

radi ation, ;2 53RO0NIdHGA i@ B QarfNd WD 4 odadit poedl | syefase as to
enhance surface tension of the polynmer film resulting in inproving the

uni f or m ty n@fifelifd @d@thique such as Egliunth copdethaot ynercsobsarate can
be prepared by fil'mform ng a hard coat agent or a surface of a

t ranspar ente rola thiifit | neltsfarilietpatadiprt forl maussaporaist scatbst rate. As the
pol ymer for the polynmer sub- strate, there can be used e.g.

pol ycar bonatreatmeaity updmnes haod yeddty | sy wlasttereshdiemes, cel | ul ose
di acetate, cellulose triacetate, polystyrenes, ethylene-vinyl acetate
copol yner s surdflaos hdnerion ek pthepekwrennfi lpol seabltERE Hapht hal at es.

As the filmform ng process of hard coat _ agent, there can be used

convent i ondimpoeating e ikt omuety LF Libn [fe@e@4 ng net hod, a di ppi ng
t hod,
Terno 2 The hard coated polymer substrate can be

prepered by film forming a hard coat agent or a surface
of . a transparent or semi-transparent polymer film used
as a substrate. As the polymer for the polymer sub-
strate, there can be used e.g. polycarbonates, polysulfones,
polyallylates, polyether sulfones, cellulose diacetate,
cellulose triacetate, polystyrenes, ethylene-vinyl
acetate copolymers, polyethylene terephthalates and
polyethylene naphthalates.

As the film forming process of hard coat
‘agent, there can be used conventional coating methods
such as a roll coating method, a dipping method, a
gravure coating method, a bar coating method, a spin
coating method, a spray coating method, and a print
coating method using dissolved or dispersed state of the
hard coat agent in a solvent; and conventional evapora-
tion methods such as a sputtering method in vacuum, an
electron beam heating evaporation method or a resistance
heating method. ' Afeer film formation, curing of
the-resulting film can be carried out by ultraviolet
.irradiation; heat treatment, or the like depending on

‘the kind of hard coat agent used.



gravure coating nethod, a bar coating nethod, a spin coating nethod, a
spray coating nethod, and a print coating nmethod using dissolved or

di spersed state of the hard coat agent in a solvent; and conventi onal
evapora- tion nethods suchH as a sputtering nethod in vacuum an electron
beam heati ng evaporation nethod or a_rgiistance heati ng met hod.

After filmformation, curing of the resulting filmcan be carried out by

ultraviol et 'irradiatigo, DEaletigatuPRbm@l BYe chick@vigRaulisgn on  the

ki nd of hard coat agen 61 -
hen the fi hthdal OcEE BHoblla SKARakeh' 88 rBPldhedqiclict iibud be taken as

to the direction 6f evaporation. use of oblique evaporation is- not
preferabl e dyapb@adi¥hng trnéeﬁgéaalfeob&&bﬁ@n@%p@}atﬂ%n G iy axis of the
aligned liquid crystal ol i gomer. Now, a process of making a

| ami nate of pregbghbabedabrocyeding andakigamet inflaleiids o wie
optically anlsotroplc filmaccording to the present invention is described

by taking upptheataagishefethe allhghedt éifjained iy taiplodiingpneehydr ophilic
pol ymer on the surface of a polymer filmand a liquid crystal oligoner
are used. First, a fi Nowef aaphrpdesghilfi makpaolgy aed amd.nfadevesmf on t he surface
of a transparent or semtransparent polyner film such as a filmof a
substrate subjected to an alignment treatment and an
optically anisotropic film according to the present
inveﬁtion is described by taking up the case where a
substrate formed by applying a hydrophilic polymer on
the surface of a polymer film and a liquid crystal
oligomer are used. First, a £film of a hydrophilic
polymer is formed on the surface of a transparent or
semitransparent polymer film, sﬁch as a film qf a
polycarbonate, polysulfone, polyarylate, polyether
sulfone, cellulose diacetate, cellulose triacetate,
polyethylene terephthalate or polyethylene naphthalate.
The method of forming a film of a hydrophilic
polymer is not specified in this invention. For
example, the film can be formed by dissolving said
polymer in a solvent which can dissolve said polymer but
scarcely causes dissolution or swelling of the sub-
strate, and the sclution is coated on the substrate by a
known coating method éuch'as gravure coating, bar
coating, spin coating, spray coating, printing, dipping,
etc., or the polymer is melted and coated on the

substrate by a known coating method such as roll



pol ycar bonat e, pol ysul fone, polyarylate, polyether sulfone, cellul ose

di acetate, cellulose triacetate, polyethylene terephthalate or

pol yet hyl ene napht hal at e. The nethod of formng a filmof a
‘hydrophilic polymer is not specified in this invention. For exanple, the
filmcan be forned by dissolving said gwlyner in a solvent which can

di ssol ve said polyner but scarcely causes dissolution or swelling of the

sub-  strat goagifigl,hgracuiei evaitingoabart aoatimgsulspmeat AEing known
coating nethod such as gravure coating, bar coating, spin coating, spray

coating, prdnppiag,deppi.ng, etc., or the polymer is nelted and coated on
the substrate by a known coating nmethod such as rol

- 62.- -coating, gravimeviem iorfgeasinassatdin@resatdPioodtd iF  di ppi ng,
etc. In view of easiness of operation, it is _recommended to

formthe fikecommendegotpnomgolting dilsy Ien iy RUSRS DS IF IR B3 as rol |
coating, gravure coating, bar coating, spin coating, spray coating or

di pping.  using sucho@eatiHgs MErthe %,zpqﬁ rﬁ°as"'d'6‘?ﬂ'a rtar}éuﬁl ns  of

pol ycar bonat e, polystyrene, polyarylate and pol yether _sul.fone, are snal

in surface F@ﬂ§#@ﬁ'aﬁﬂ§nﬁfﬁﬂiﬂgﬁt n coating, ‘spray coating or

dipping.

Some types of polymer film, such as the films
of polycarbon;te, polystyrene, polyarylate and polyether
sulfone, are small in surface tension and may repel the
hydrophilic polymer solution, so that in case of using
such films, they may be subjected to a known surface
treatment, such as plasma treatment, corona discharge,
ultraviolet irradiation, etc., for increasing the
surface tensioﬁ of the film before forming thereon a
film of a hydrophilic polymer.

The thickness of the transparent or semitrans-
parent polymer film used in this invention is not
critical, but it is preferably 1 to 500 um, more prefer-
ably 10 to 300 um, still more preferably 40 to 200 um.

| The thickness of the hydrophilic polymer film
is also not critical, but it is usually 0.1 to 500 um,
preferably 0.5 to 100 pum, more preferably 1 to 50 um.
As for the solvent, any solvent capable of dissolving
the hydrophilic polymer cén be used, but it is recom-
mended to use water for economical reason.

Then, a film of a liqﬁid crystal oligomer is

formed on the hydrophilic polymer film. The film



hydrophilic polyner solution, so that in case of using such filns, they
may be subjected to a known surface treatnent, such as plasna treatnent,
corona di scharge, ultraviolet irradiation, etc., for increasing the
surface tension of the filmbefore formng thereon a filmof a hydrophilic
pol ymer . The thickness of. fghe L ransparent or semtrans- parent
polymer filmused in this invention is not «critical, but it is preferably
1 to 500 [efplmingometAbal 86- nogbkpetdied300 Foer kkampdte,| [theorfd Y ef er abl y
40 to 200 [err]m The thickness of the hydrophilic polymer film
i s al so notcani bec&brmedt biyt di ssodwahby a0 1ighdds@dyseral] mligumeferiably 0.5
to 100 [err]m nore preferably 1 to 50 [[err]m As for the solvent, any

sol vent capabkeleobndi ghdkhi ngn dheshyaeophild digalignwrystiadbe used, but it

is recom nended to use water for economi cal reason. . Then, a
filmof a |ohigdmerybusl scRrgeAyr crRuses disse luw iome ary &IHiIng qfol yner
film The film - - 63 - formng nethod is

not specifitie Bubssxakg or hwdrpphhlicaPodames n@ddhFoftedy iy a |iquid
crystal oligonmer in a solvent which can dissolve said |iquid crystal
ol i goner busoduEiedl Pnc&hee SUBSETALE PY¥n 2o KNOMD 1G93¢F109 MefhadiiiGht e or

hydr ophi li ¢ pol yner, and coatin%uthe soLutio% on the ,substrate by a known
coati ng netﬁgdrgaéhcoatlng, gravure coating, bar coating, spin

coating, spray coating, printing or dipping  or by
heating said liquid crystal oligomer to a temperature
above the solid phase/liquid crystal phase transition
temperature of said liquid crystal oligomer to reduce
its viscosity, and then coating it 6n the substrate by a
suitable coating method suﬁh as roll coating, gravure
coating, bar coating, spray coating or dipping. In
view of easiness of operation, it is recommended to form
the £ilm from a liquid crystal oligomer solution by
using such coating method as roll coating, gravure -
coating, bar coating, spin coating, spray coating or
dipping.

The thickness of the thus formed liquid
crystal oligomer layer is preferably 0.1 to 20 um, more |
preferably 0.5 to 10 um, even more preferably 1 to 7 um.
When the layer'thickness is less than 0.1 um, the layer
may fail to develop the optical properties of the liquid
crystal oligomer to a-saéisfactory degree, and when the
layer thickness is greater ‘than 20 um, orientation
becomes hard to conduct.

As described above,'for obtaining a high



as roll coating, gravure coating, bar coating, spin coating, spray
coating, printing or dipping or by heating said liquid crystal
oligoner to a tenperature above the solid phase/liquid crystal phase
transition tenperature of-said liquid crystal oligomer to reduce its
viscosity, and then coating it on the g#gsirate by a suitable coating

met hod such as roll coating, gravure coating, bar coating, spray coating
or di ppi Ng. degrekn ofVheweok tédiicnesd enftariemidforia tliguidoorystalked to
form the filmfroma liquid crystal oligonmer solution by using such
coating net badgametgl lcheodtiiqndd grysiad cddacmey / makymratlaginatrda
coating, spray coating or dipping. " The thickness of the thus
forned | i quid lmcdygs helateitirgarned lady &the sSameeftanpRsatuge tfPRoth@rrim nore
preferably 0.5 to 10 [err]m even nore preferably 1 to 7 [err]m \Wen the
| ayer thicksase pediess afh&in@ B dmy [the t9ase Bferthediozgmenbiongdl op t he
optical properties of the liquid crystal oligonmer to a satigsfactory
degree, and Likuid: lexystale o iigamate £9 By e%\‘t%éi‘ t HEPWSRY er 1 nthe
.orientation beconmes hard to conduct. . As descri pbed above, for
obt ai ni ng acaisghof a substrate having certain glass %ﬁgQSLHﬁﬁ?ee of

honeotropic orientation of the |liquid crystal oli go i i
oIigoner?pomﬁﬂaeq%£H§ﬂHQ§ja subsé&ate { corporate £§¥h éé@agigU'd crysta

additives, there tends to take place deformation of the
substrate or hydrophilic polymer layer formed on a
substrate when the working temperature is above the flow
temperature of the substrate, so that the upper limit of
working temperature is preferably set below the glass
transition temperature or flow temperature of the
substrate. By this treatment, the liquid crystal
oligomer f£ilm on the polymer substrate is substantially
vertically oriented. The heating rate and cooling rate
in the heat treatment are not critical.

In £he case of a polymerizable liquid crystal
oligomer, it is polymerized after orientation in the
same way as in the case of liquid crystal oligomer
polymer. |

For producing a transparent or semitransparent
polymer film of this invention, there can be employed a
suitable molding method such as solvent casting,
extrusion molding or pregé molding.

A laminate of a liquid crystal oligomer
.polymer and a substrate cah be similarly obtained when

usihg a glass plate or a hydrophilic polymer film as



filmis heat-treated at the same tenperature for the sane period of time
as in the case of the aforenentioned |liquid crystal oligonmer polynmer film
However, in the case of a substrate having certain glass transition
tenperature or a substrate incorporated with certain additives, there
tends to take place deformation of the 63ubstrate or hydrophilic polyner

| ayer fornmed on a substrate when the working tenperature is above the flow .
t enper at ur e sMbstRAatIbstrate, so that the upper limt of working
tenperature is preferably set below the, glass transition tenperature or
flow tenperature of tHe? EHRER?%&%FE%Wl%éhESt?%%ﬁﬁ%ﬁt°ifﬂ8mFFquid crysta
oligonmer filmon the_pol yner substrate is substantiall verti,cally
oriented. TROWERT i Bier e HHHIRET L% 37 nOPn%n#%%tlf'ggé nent are not
critical. Jn the case of a.pol rj zabl L gyl rysta

ol i goner, i tCH¥ESYRY \RAAFIIRGE T %‘?i_@’nf’%t%/’ﬁ FOYH oi)i%g}r"]r%gw%i‘}xés in the
case of liquid. crys ' I : : F p UGLAG a
Cranspar ent Bk 1 eRb A ES 87 #EBRent dnverriony SharPBREERR C can

be enpl oyed f&; s d f%&zg%@yﬁéwﬂly%mgfgfhz@stﬁ@'gseﬁ £agihador EHLrUSION

mol di ng or preéess nol di amnate of a liquid crysta

ol i gomer %Wrs@n@hﬁt Sygsﬁéfﬁé é’a}?lﬁ)fafiﬁ’ﬁﬂtﬁéi‘%?bﬁﬁénﬁﬂi%§ﬂlly‘15i ng a
gl ass plate or a hydrophilit polyfer Tilm as
oriented retardation films having the optical axis in
the film plane, said films also having positive ani-
sotropy of refractive index and made of a'thermoplasﬁic
polymer, it is possible to make a composite retardation
plate or composite retardation film. Also, in the
laminate of an optically aniSotropic film and substrate
subjected to an alignment treatment according to the
present invention, the optical axis is inclined 10-80°,
in terms of angle of elevation, from the film plane, so
that by using the uniaxially oriented retardation films
having the optical axis in the film plane, which films
have pésitive anisotropy of refractive index and are
made of a thermoplastic polymer, it is possible to make
a composite retardation plate or composite retardation
£film. Hereinafter, the composite retardation plate and
composite retardation film are referred to representa-
tively-as composite retardation plate.
It is known in fhis art that the viewing width
- of composite retardation plate relates to the maximum

value (n,)'of the in-plane refractive index of the

composite retardation plate, the minimum value (n,) of



- 65 - substrate. I'n the oriented liquid crystal oligoner
polymer filmor the lamnate of an oriented liquid crystal oligoner
polymer filmand a hydrophilic sub- strate according to the present
i nvention, the optical axis is substantially parallel to the normal I|ine
of the film so that by using a pluralggurber of the uniaxially oriented
retardation filns having the optical axis in the filmplane, said filns
al so havi ng thesiin-pd anel refsaictdye dindeed reftihee domipxs bl reterdd- a
thernoplastic polyner, it is possible to nmake a conposite retardation
pl ate or comjiown tpdatetamctd ithe fmdfmacAlism imdddhe(nl)adinnathe dfhiak-optically
anisotropic filmand substrate subjected to an alignnent treatnent
accor di ng t aeisise dipreezdion ofv el mompded tptriatsd rdadiison splace i ned 10- 80,
in terms of angle of elevation, fromthe filmplane, so that by using the
uni axi ally oriented r &g @alisermopihef refdrartinn cindemicaxikein the film
pl ane, which filns have positive anisotropy of refractive index and are
made of a t ledtadmess@sc afoRypithmetig @%Qﬁol@ﬁ@% ndexe9sofe
retardation plate or conposite retardation film Hereinafter, the
conposi te rdngiFdduad FeRASELINF IO MTST R, flatat i rfiare referred to
representa- _.tively as conpqQsite ret ation plate. It is known
in this art SR&e t‘%@ \ﬁo&ﬁoﬁd‘%\ﬁ d:ter?arga_k,‘cﬂfbégﬁtee r%f%ff_%a’f?%%%’t%nr el at es
to the maximym, val Ue(Uad" th) e¥eivitd bl UG SLGS ' OF SOEK Ol L e
index from the angular dependence of retardation.
When the anisotropy of refractive index is
evaluated by the ratio R(8)/R(0), wherein R(0) is
retardation in the vertical direction to the composite
retardation plate; and R(6) is the retardation inclined
at an angle of @ degree, a good viewing angle property
is shown in the range of: .
'1.10 > R(40°)/R(0) > 0.90
corresponding to:
1"[x > 1,'],= > n’
As examples of the thermoplastic polymers
having positive refractive index anisotropy usable for
the composite retardation plate of the present inven-
tion, there can be mentioned, for instance, poly-
carbonate, polysulfone, polyarylate, polyether sulfone,
cellulose diacetate, cellulose triacetate, polyvinyl
alcohol, polyéthylene-vinyl alcohol copolymer and
polyethylene terephthalate. A film of such thermo-
plastic polymer is uniaxially oriented and used as a

retardation film.



cmmomteretmdmionplme,thenimnumVMUe(n[arD of

- 66 - the in-plane refractive index of the conposite retarda- -tion
plate, and the refraction index (n[err]) in the thick- ness direction of
the conposite retardation plate. The ani sotropy of refraction

i ndex can be obtained as an arithnetic.nean of refractive indexes of
I ndi vidual constituting naterial plates and filnms. Since the conposite

retardation plate shoy§e ehaiéalkoBs lhhuhg'Q&ggkgga%ﬂyadﬁgfﬁmue t he
ani sotropy of refractive 1ndex fromthe angul ar dependénce of retardation.

Wen the anh?a&&%MM: sabsachitee anddend wni@%dlauatedMenthe ratio
R([err])/R(0), erein R(O) is retardation in the vertical direction to

the conposi tetakdadidat iF9Nmpmale beabdndelde i leach idtheretdrdata on i ncl i ned
at an angle of [err] degree, a good view ng angle property is shown in the
range of: binder or bther>miea4G[ eor fprR @) lanindte,can edmwondiayy Beo:
nferr] > nferr] > n[err] . As exanpl es of the thernoplastic
pol yners hasiedg sepairaited yr éronceacd ofder.ani sotropy usable for the
conposite retardation plate of the present inven-' tion, there can be
menti oned, for instanfer paodgucingr Boddlm (Pases fiiflave usesl aa asee,
pol yet her sul fone,

of a retardation film made of a thermoplastic polymer

such as mentioned above, a suitable molding method such

as solvent casting, extrusion molding or press molding

can be employed. For stretching the base film for

making 'a uniaxially oriented retardation film having the

optical axis in the film plane, there can be employed

the known stretching methods such as tentering, roll

stretching and roll compression stretching. For

obtaining a homogeneous retardation film, preferably

a film formed by solvent casting is stretched by

tentering.

In the liquid crystal display device of the
present invention, the position of the optically
anisotropic film, the laminate of an optically
anisotropic film and a hydrophilic substrate, or the

'composite_retardatidn plate containing an optically
anisotropic film, is not specified; they may be placed
at any position between a pair of polarizing plafes of a
liquid crystal display. For instance, they may be
disposed between a polarizing plate and a liquid crystal

cell for display, between a polarizing plate and a

polarizing plate protective film, between a retardation



cellul ose diacetate, cellulose triacetate, polyvinyl alcohol,

pol yet hyl ene-vi nyl al cohol copol ynmer and polyethyl ene terephthalate A
filmof such therno- plastlc polynmer is uniaxially oriented and used as a
retardation film - 67 - The

| am nate of liquid crystal ollgoner/ hmgrpphlllc substrate and the
uniaxially oriented retardation fllnlnay be bonded to each other with a

bi nder or ottham FRANG igofadiping Pl 2 betwddeya NBgtdedavsed separatel y
from each ot her. For prodUC|ng a film(base filn used as base
of a retardanidoma fliquithdryeital tderlminmsdisp oy yneFursheh, asnment i oned
above, a suitable nolding nethod such as sol vent casting, extrusion
nol di ng or pldgnetdipb nmerizedd fmpildyaystal sligomarnfiimecsnskefilmfor
making a uniaxially oriented retardation filmhaving the optical axis in
the film pl mositivered cen dic-replaoyeix thicddmnoon ctg%rchi@g aftAbes such as

tentering, roll stretching and roll conpression stretching. For obtaining
a honogeneodsquﬂduﬂnxstﬁifQQhﬁ prigt azdey ta ebtainor mbédBidsol vent
casting is stretched By tenterjng In the liquid crysta

“di splay devicgarssfak r@-s%@éé’fﬂv%%é}ﬂ‘{’d}ﬂ 3 Heldes| Yiewing aneleptital |y

is preferable to position the aligned polymerized liquid
crystal oligomer film between a uniaxially oriented
retardation film and a polarizing £ilm.

The present invention is further illustrated
below with reference to the examples thereof, which
examples however are merely intended to be illustrative
and not to be construed as limiting the scope of the
invention.- |

The glass transition point and liquid crystal
phase/isotropic phase transition temperature of the
obtained liquid crystal oligomers were determined by
observation with a polarization microscope and a dif-
feréntial scanning calorimeter (DSC). That is, each
liquid crystal oligomer was scanned at a rate of
10°C/min, and the transition temperature was'determined
from the data of the second and ensuing runs of
scanning. As for Tg, the péak of primary differential
of the endothermic curve during rise of temperature was
regarded as-Tg, and as ta Ti, the endothermic peak
supposed to be due to liquid phase/isotropic phase
transition was_regarded as Ti.

For confirmation of the fact that the obtained



anisotropic film the lamnate of an optically anisotropic filmand a
hydrophilic substrate, or the conposite retardation plate containing an
optically anisotropic film is not specified; they my be placed at any
position between a pair of-polarizing plates of a |iquid crystal display.
For instance, they may be disposed hefggeen a polarizing plate and a liquid
crystal cell for display, between a polarizing plate and a polarizing

pl ate proteghiyRatll B BetiwgEidack9saadabiegomer Polymer film and a

- 68 - filmand a polarizing plate, between a retardation film and a
liquid cryskabseehktel Baddichel aptikalt hais ambsalangried Jyoliymerheed | i quid
crystal oligoner filmcan be positioned at either a near sider or a far

si de of thedilkegttiienchpsmall ¢tel ithel fidmdglane obittaiwasa dhsprved crysta

di spl ay device having a wider viewing angle, it 1is preferable to position
t he al i gnedwheltjeser iexed nictdoind wosrlgs ttakeo lplgoeea lndst (Ran&eetky uni axial |y

oriented retardation filmand a polarizing film The present
i nventi on i shienr shdd ilamisiatede § i lpe Waw \Bilaeede hardman il khand@ipl es
~thereof, which exanples however are nerely intended to be illustrative

and not to lsaossest nicelss in GasehFhenSuhedFetd hatk "9 RiRioH-

The glass transition point and liqujd crystal
g gence, anéjthen it wa;]furéiéé é%served whether

retardation would enlarge with increase of inclination
of the film about an optionally selected axis.

For evaluating the laminated composite
retardation plate or film of the present invention,
first in-plane double refraction of said plate or film
was examined. Said laminated film was placed in a
polarization microscope equipped with a tilting stage,
and retardation (R(0)) was determined according to
Sénarmont’s double refraction measuring method using
Sénarmont compensator.

Then double refraction in the thickness
direction was evaluated with reference to retardation
(R(6)) determined with the optical axis in the homo-
geneoué plane being inclined by an angle of 6.

As for the viewing angle of the laminated
composite retardation plate_or film, the angle 6 when
R(B) = 1.10 x R(0) was definéd as the viewing angle of
said plate or film. '

The present invention is illustrated by'way of
the following Exampies,_in which all percents are by

weight unless otherwise specified.

-y
-



phase/isotropi c phase transition tenperature of the obtained |iquid
crystal oligoners were determ ned by observation with a polarization

. mcroscope and a dif- ferential scanning calorineter (DSC). That is, each
liquid crystal oligoner was scanned at a rate of 10[err]C/ mn, and the
transition tenperature was determ ned 78remthe data of the second and
ensuing runs of scanning. As for Tg, the peak of primary differential of
t he endot h@#ampl&urlve during rise of tenperature was regarded as Tg, and
as to Ti, the endotherm c peak supposed to ge due to iiqgidh
phase/ i sotropic phasé® % ARFEPYH IREUTEQRrQEPALYinyl dlcohol .,

fi ' f the f i ned
hfjg h " arkBeval oflva?féﬁ%#%é%#;‘;x" SEATEENER - pobfe) YRPFRAESS OBubstrate
t ti ' t ' in th dj ti : . t0.the fil
e i ¢ et A vtk Rt itlade  frdSerGhE AL RS ERuelPih D T
fectl i do | am hat i d i ; d
P col s in et hie 4n o B0 L Tl BHEF LR PET oBERLARE, BoyiRen | Drosse
further obs r%§K§¥ﬁ§%$$ﬁ¥a%e§aﬁﬂa{ﬁggkyould enlarge with increase of

i nclinatiorf about” an optionally sel ected axis. For
evaluating the |am najefl cofPRSkigre’ &t AJphl 2p18ke) EpRAZBELM Of the

present invention,

acid-4’-cyanophenyl ester and 4-(allyloxy)-benzoic
acid-(4’-methacryloyloxyphenyl) ester was reacted with
pentamethylcyclopentasiloxane in the same way as |
described in USP 4,410,570 to obtain a liquid crystal
oligomer comprising, as its'maih structural units,
cyclic pentasiloxane oligomér havihg in its side chain
nonpolymérizable mesogen groups and polymerizable
ﬁesogen groups in a ratio of about 1 : 1. Elemental
énalysis of this liquid crystal oligomer showed C =
61.7, H=5.3, and N = 2.0. The content of the cyclic
pentasiloxane liquid crystal oligomer as determined in
terms of gel permeation chromatographic aréal percentage
was 69%, and that of the unreacted monomer was 4.5%.
The addition rate of side chain mesogen as determined
from integration of the peak on H-NMR spectrum was about
80%. |

Tg of the obtained liquid crystal oligomer was
18.7°C, and Ti was 117.5;C. This liquid crystal
oligomer was dissolved in methylene chloride to a con-
centration of 5 wt%, and then Irgacure 907 (produced by

Ciba-Geigy AG) was mixed as photopolymerization'ini—



first in-plane double refraction of said plate or film was exam ned. Said
| am nated filmwas placed in a polarization m croscope equipped with a
tilting stage, and retardation (R(0)) was determ ned according to
Senarnmont's doubl e refracti‘on neasuring nmethod using S6narnont

conpensat or . Then doubl e +efiastion in the thickness direction
was evaluated with reference to retardation (R ([err])) determned with
the opticaltiateriintae &wount gEn2owstpbasedbennghéntianéd byysmaingl e of
[err]. As for the viewing angle of the |am nated conposite
retardati orohigemenr fThis ihgubdigrEystal]ohbgemer(felrnfion ¥as0 x R(O) was
defined as the viewing angle of said plate or film The present
i nventi on |%Ppli%@t@&t@d@%&Y%b@Ybfal€ iUFP%EF%gCE%éH%P§§ trd-whi ch al
percents are b i ght unless otherw se specifie

- 70 - ExaMppeate e £iln by usingopnRRBLiC BPEtVbﬁho? g8Py VAR ffcohol

Poval 117, d at ed 80
thi ok ceil UABsERe r FALLOUFE 77| S¥ERR0 oFF cOPR CRBPSSAFUGE- 108PErr] C. The
| tant | bt d I th
W1 el bR Parseel g Berd Fevetal ST odgaRoBhin, Petsi er and
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The thus obtained liquid crystal oligomer/
polyvinyl alcchol/cellulose triacetate laminated film
was heated on a 95°C hot plate for S minutes and then
cooled. Then this laminated film was irradiated
with light from a high pressure mercury lamp at a light
intensity of 500 mwW/cm? on the irradiated surface.

The obtained liquid crystal oligomer polymer/
_polymeric compound laminated film became optically
extinct under crossed nicols and showed retardation of
5.3 nm which was supposed to be ascribaﬁle to cellulose
triacetate, but retardation enlarged when the laminated
film was inclined from the homogeneous plané. The
relation between inclination angle and retardation is
shown in Fig. 1. 1In view of the fact that retardation
enlarges with increase of inclination angle, ;t is seen
that the liquid crystal oligomer polymer is oriented
vertically. The thickness of this liguid crystal
oligomer polymer layer méasured by using a needle
surface prof;ler as a thlckness meter (Alpha Step AS-200
mfd. by Tencor Co.) was 2.3 um.

Then, in order to obtain a uniaxially oriented

»



aci d- (4' - net hacryl oyl oxyphenyl) ester was reacted with

pent armet hyl cycl opent asi |l oxane in the sanme way as described in USP
4,410,570 to obtain a liquid crystal oligoner conprising, as its main
structural units, cyclic pgentasiloxane oligonmer having in its side chain
nonpol yneri zabl e mesogen groups and polp2m+i zabl e nesogen groups in a
ratio of about 1 : 1. Elenental analysis of this liquid crystal oligoner
showed C = réta¥daMion5filmahadviing ZhE optlavhtasts ointhee cyElnc
pent asi | oxane |iquid crystal oligonmer as determned in ternms of gel

per neati on phrogat sgdidpfiidmedso paviarg opsitise 604 seRECPYiaPlof the
~unreacted nononmer was 4.5% The addition rate of side chain nesogen as
det er ni ned reEsActiveyiades agd Mgk drtherpripeeic R WABS b R  80%

Tg of the obtalned I|qU|d crystal oli r was and Ti was

1#7 S[Srr][c TH-F“stlhltﬁht t 5(9"]:“5%331?@ ﬁ'eagr]d%?#%ﬂl&n??t ?yl ege . -
chloride to a_con- centration o 9 and. 1 hen Irgacure roduced by
G ba- Gei gy AGLVRES Fasdd gy Gt FTHiS a&%ﬁ Was - fecdtened (2

Thi s 1§ qui dEAmPet AE domd SSTR I N eld%fbﬂpm%i RGBT

e on i b oo metn %' g a1ndf Pt fed Ldhdve 54 08-80: 208! EER Ohadd 11

a thickness of 66 um and a viewing angle of 39° with
R(0) = 380 nm.

‘When this polycarbonate retardation film and a
liquid crystal oligomer polymer/polymeric compound
laminated film were laminated, the viewing angle beéame
greater than 60°, and there was gbtained a composite
retardation film with a greater viewing angle than that
of the polycarboﬁate retardation film alone. Further,
when this composite retardation film is placed between
the upper polarizing'plate and the cofresponding liquid
crystal cell of an STN type liquid crystal display
device, black and wﬁite display is given, and the film

shows excellent viewing angle characteristics.

Comparative Example 1
The procedure of Example 1 was carried out
‘except that no heat treatment was conducted after
coating of the liquid crfstal oligomer to obtain a
" laminated film of a liquid crystal oligomer polymer and
a polymeric'sﬁbstance. The obtained laminated film was

cloudy.



40 [err]m followed by during at .roomtenperature. The resultantly formed
liquid crystal oligonmer filmwas cloudy. The t hus obt ai ned
liquid crystal oligoner/ polyvinyl alcohol/cellulose triacetate |am nated
film was heated on a 95[erT]C hot plate for 5 mnutes and then cool ed.
Then this lamnated filmwas irradiategz wth [ight froma high pressure
mercury lanp at a light intensity of 500 nWcnferr] on the irradiated

sur f ace. Thosektaicion bifqthd gamshalted ifgQRerundymer/

pol yneric compound | am nated fil m becanme optically extinct under crossed
ni col s and showeddr atizbdat iconfdfrmed. &lomddiesls wEs thepfdsled arod be
ascribable to cellulose triacetate, but retardation enlarged when the

| ami nat ed &hbwedashancitheed ifguda ichry sttario gdhigome mppegmethevas elatt | on
between inclination angle and retardation is shown in Fig. 1. In view of
the fact tharieeteddaexrddcaddlyarges with increase of inclination angle, it
Is. seen that the liquid crystal oligoner polynmer is oriented vertically.
The thickness of this liquid crystal oligoner polyner |ayer neasured by
using a needle surface profiler as a thickness nmeter (Al pha Step AS-200
nfd. by TenE#ampd®) 2nas 2.3 [err]m ‘Then, in order to obtain a

uniaxially oriented The procedure of Example 1 Qas fdiiﬁiga except

that sodium alginate was used in place of polyvinyl
alcohol to obtain a laminated film of a liquid oligomer
polymer film and a polymeric substance. This laminated
film was transparent under crossed nicols and showed
retardation of only 3 nm, but when the film was inclined
from the homogeneous plane, retardation enlarged. It
was 105 nm when the film was tilted 50°. As retardation
enlarged proportibnally-to the incliﬁation, it was
confirmed that the liquid crystal oligomer polymer layer
was oriented vertically.

When the polycarbonate retardation £film used
in Example 1 and said laminated film were laminated, the
viewing angle became greater than 60°, .and there was
obtained a composite retardation film with a greater
viewing aﬁgle than that of the polycarbonate reﬁardation
film alone.

When this composite retardation film is placed
between the upper polariiing plate and the corresponding
liquid crystal cell of an STN type liquid crystal
display device, black and white display is given and the

film shows excellent viewing angle characteristics.



retardation filmhaving the optical axis in the film plane, said filmalso
havi ng positive anisotropy of refractive index and nade of a thernoplastic
polymer, an 80 [err]mthick polycarbonate base filmwas forned by solvent
casting, and this base filmwas stretched 1.2 tinmes at 185[err]C by

| ongi tudi nal uniaxial stretching nethad -The obtai ned pol ycarbonate
retardation filmhad a thickness of 66 [err]mand a view ng angl e of
39[err] witExaRpde 3 380 nm When this pol ycarbonate retardation
filmand a liquid crystal oligoner polyner/polyneric conpound |am nated
filmwere | aninated, The promesdgrengfe Bxammiee Jgrag cFollrwedopEFePt and
there was obtained a conposite .retardation filmwith a greater view ng
“angl e than that tde cedlydogeatFdmaatatad fidd G (FerrafhePY Fir t her,

when this conposite retardation fLIQ%a%iplaced bet ween _t he

pol ari zi ng PRIVEFRITAE 5&§4§ﬂ&£ﬁﬂ %Wuﬁ%feﬁﬁﬁ%t%ﬂg%%fI3€??2%1§WN type
Fi1'm shove R0er S0 Pl RESPAET S T o Ye Safar i ve Ecamp o
ot v oat el TEBS RS R £014188 P sqnigeRbAbel 0
(0 OO 2 o TSR S A A gV o
" This laminated film showed retardation of 382
nm, which was almost equal to retardation of the poly-
carbonate retardation film alone. There took place
little chénge of retardation even when the laminated.
film was tilted from the homogeneous plane, while the
fiewing angle was greater than 60°, indicating a
remarkable improvement of viewing angle as coﬁpared with
that of the single retardation film.
When this composite retardation film 'is placed
between the upper polarizing plate and the corresponding
liquid crystal cell of an STN type liquid crystal

display device, black and white display is given and the

film shows excellent viewing angle characteristics.

Example 4

The proceduré of Examplé 1l was repeated except
for use of a nonstretched polysulfone film in place of
the cellulose triacetate-film to obtain a laminated film
of a liquid crystal polymer film and a.polymeric
substance. Retardaﬁion of this laminated film was 3 nm,

about the same as retardation of the nonstretched

1.



- 73 - Observation of the lam nated fil munder crossed nicols
confirmed cloudiness of the filmand showed that the liquid crystal

ol i goner polymer was not oriented vertically. Exanpl e 2 The
procedure of Exanple 1 was followed except that sodium al gi nate was used
in place of polyvinyl alcohol to obtaifga_lam nated filmof a liquid
oligoner polyner filmand a polyneric substance. This |amnated film was

transpar ent dygauIHdHes o 1 @iendnd RéoyEdhtish dnipdtged obheéml ¥he nm  but
when the fil'mwas inclined fromthe honobgeneous plane, retardation

enl arged. |tlanfatatdd filmheds thicl fed "frem the tleshedemesls phamet ar dati on
enl arged proportionally to the inclination, it was confirned that the

i quid crystretaddaminet ol imekinatyison oBis60? iwas eid viemt | cis$ | y .

When the pol ycarbonate retardation filmused in Exanple 1 and said

| ami nat ed f idehasstaticrienkaxged heitlvi bvereasegbf Hebmnngkmaeionhan 60,
and there was obtained a conposite retardation filmwith a greater

vi ewi ng anglid: e qonfiinmsed Héglol therbbpai@ eersrahtebigonerm al one.
When this conposite retardation filmis placed _between the upper

pol ari zi ng EAEeJAYRE AT SHLFRESE vertically.

When the polycarbonate retardation film used
in Example 1 and said laminated film were laminated, the
viewing angle became greater than 60° and there was .
obtained a composite retardafion film with a greater ‘
viewing angle that of the single polycarbonate retarda-
tion film. '

Wwhen this composite retardation film is placed
between the upper polarizing plate and the corresponding
liquid crystal cell of an STN type liquid crystal
display device, black and white display is given and the

film shows excellent viewing angle characteristics.

Example 5

The procedure of Example 1 was followed except
that the cellulose triacetate film was feplaced by a
élass plate and that no-polyvinjl alcohol was used to
obtain a laminated film of_a liquid crystal oligomer
polymer film and glass. The obtained laminated film was
transparent under crossed nicols and showed zero
retardation. But retardation appeared and enlarged as
the.laminated film was tilted from the homogeneous a

plane. Retardation at 50° inclination was 99 nm. 1In

R



liquid crystal cell of an STN‘type liquid crystal display device, black
and white display is given and the film shows excellent 'view ng angl e
characteri st.i cs. - 74 - Exanple 3
The procedure of Exanple 1-was foll owed except that the cellul ose
triacetate filmwas replaced by a potyt@arbonate retardation film (view ng
angle: 39[err]) with R(0) = 380 nmprepared by the sane,qgthod as used in
Exanpl e 1 t Fism & the fAGtattdd Y idghagidationBrlardrd afith) 138Re2SBol yner
filmand a pal yneri c subst ance. . . This lamnated fjil m showed
r et ar dat i on 9&f tg-g'é: arﬂﬁl“"vvrﬂ?ﬁe}}ﬁashaﬁ%s’tt é’ﬁﬂj%lc‘?’bg’r’éq’% d&??{bn{%‘? t he poly-
carbonate ret,ardati on film alone. There took place Ittle. ch e of
retardationiéﬂﬁiaﬂﬁ§¥59ﬁ}IQﬂﬁXﬂﬁ%ﬁ}aX?qrﬁ%ﬁu§%*??%ﬁﬁf¥%ﬁﬁf%%fg fmgeneous
pl ane, while the vieyn ngl,e er,fhan,6 1 ngd] ing a
remar kabl e i rrproverne\n\t,'}h'tﬁg 1-3'1J?gal:v}vclnr?a\g@g:tr?gfl( g‘a}ges %’o%’a‘? eéd)i—ﬁ%%l et’%‘gé&g%rt he
single retardation. fil Wh 1S, C ' t ti filmis
pl aced bet \Pé’gﬁm} e ]lﬁ?[pgeIE “f)aoﬁ azriozi”r%' pﬁgl}éerpa%%l?ggg%éﬁés%oﬁ%gﬁgég iquid
crystal cell a}gﬁ#m éé&%cﬂlﬁraﬁt di,ePL VafleYA €64, PLREK and white
display is ga!gjfé)r%%}akn the Tilmshows excfgjf}%nté%/)%evﬁ ng angl e .
characteri siiGRsing angle became greater than 60° and there was

obtained a composite retardatioh film with a greater

viewing angle than that of the single polycarbonate

retardation film.

When this composite retardation film is placed
between the upper polarizing plate and the corresponding
liquid crystal cell of an STN type liquid crystal
display device, black and white display is given and the

film shows excellent viewing angle characteristics.

Example 6

A 7% aqueous solution of polyvinyl alcohol
(Poval 117, produced by Kuraray Co., Ltd.) was coated on
an 80 um thick cellulose triacetate film and dfied in
hot air of 100°C; The formed polyvinyl alcohol film was
2 pm thick. |
. .A cyclic pentasiléxane ligquid crystal oligomer
obtained in Example 1 was dissolved ih methylene chlo-
ride to a concentration af 10 wt$. In this solution
were mixed 4-cyano-4'-hexylbiphenyi and, as photo-
polymerization initiator, Irgacure 907 (produced. by

Ciba-Geigy AG) in amounts of 3 wt% and 2 wt%, respec-



Exanpl e 4 The procedure of Exanple 1 was repeated except for
use of a nonstretched polysulfone filmin place of the cellul ose
triacetate filmto obtain a lanmnated film of a liquid crystal polyner
filmand a polyneric substance. Retardation of this lamnated filmwas 3
nm about the sane as retardation of-tfe fonstretched
- 75 - polysulfone filmalone. Retardation enlarged when the |am nated
filmwas tikiieelfyr,olbasled loonugenddusipl aneys taletarideanem. atThecthumti on of
60 was 64 nm As retardation enlarged with increase of filminclination,
it was conf prepdredatl igwdd iqquistady yskigome s @arpos el geso b ldon was
oriented vertically. VWen the pol ycarbonate retardation film
used in Exwasl eoatesd omiad BAWVHAEY F1ehakrecaif R ER1IeFR tXdewni ng
angl e became greater_than 60[err] and there was obtajned a conposite -
ret ar dat i onaFetatf e FeHnd A FANHFWRAT arhrdored Rt ot e
pol ycarbonate retarda- tign film ?\g\ge,thj conposjte
r et ar dat i on tEFBRTES YRS c e FNS) ASRETFATHL X phRA™ I]g"r‘??rigcﬂn%Y and t he
corresponding, liquid cr st.I.ceﬂéé.of an STN type liquid crystal display
devi ce, bIa@&%&%ﬁ%ﬁﬂqﬂgﬁﬁié%ﬁﬁpi %ﬂwﬂﬁ?eﬁiﬁ?*@‘ filmshows excel | ent
view ng angle charact elrﬂeSt'éh(i?s obtained three-layer (liquid crystal
oligomer composition/polyvinyl alcohol/cellulose tri-
acetate) laminated film was heated in a 70°C thermostat
for 5 minutes and then irradiated with light from a high
pressure mercury lamp at alight intensity of 500 mW/cm?
on the irradiated surface.

The obtained laminated f£ilm of liquid crystal
oligomer polymer composition and polymeric substance
became extinct under crossed nicols and showed retarda-
tion of 5.3 nm which was supposed to be attributable to
cellulose triacetate, but retardation enlarged when the
laminated film was tilted from the homogeneous plane.
Retardation at 60° inclination was 77 nm. The haze of
this £ilm as measﬁred by a hazemeter (Direct-reading
Haze Computer HGM-2DP mfd. by Suga Shikenki Co., Ltd.)
was 3.2%.

When the polycarbonate retardation film
obtained in Example 1 and said laminated film were
laminated, the viewing angle became greater than 60° and
there was obtained a composite retardation film with a

greater v;ewing angle than that of the single poly-

carbonate retardation film.



Exanpl e 5 The procedure of Exanple 1 was foll owed except that
the cellulose triacetate filmwas replaced by a glass plate and that no
pol yvi nyl al cohol was used to obtain a lamnated filmof a liquid crystal
ol igonmer polyner filmand-glass. The obtained | am nated fil mwas
transparent under crossed nicols and shpgwed zero retardation. But
retardation appeared and enlarged as the lamnated filmwas tilted from

the honobgeneous a pl ¥hen RAiiay ddmpos ite Y fdatiohi Hhlmohswpia88dnm I n

- 76 - viewof the fact that retardation enlarged with increase of tilt
angl e of thédtvesn ithevappeanfpolearizird plete lamdi thergstaéspohyimy | ayer
was oriented vertically. The thickness of the liquid crystal

ol i goner pdigwd laystalascelD dEran MTWeypes al ot bdi eayetali I mand a

pol ycarbonate retardation filmwere | am nated, the view ng angle becane
greater thadiz@lay [dewicahdlacguandhitedispbrpotstgivenaandttba film
~with a greater. viewi ng angle than that of the single polycarbonate -
" retardati on fiilmmshows excellagfe VieWing ARDHLS teh3RRGEVBEEBACEF I m i s pl aced
bet ween the upper polarizing plate and the_ correspondin | iquid crystal
cel | of an STN type | iSfdid QRRIS}te Fefedrthr? cellp BEX BARdPARded di spl ay

I's given and the L. ..
to the upper polarizing plate of an STN type liquid

crystal display device by a butyl acrylate type binder,
and in this case, too, the film shows excellent visual

field characteristics.

Example 7
The procedure of Example 6 was carried out
exceét for use of 8 wt% of 4-cyano-4’-octyloxybiphenyl
in place of 4-cyano~4'—hexylbipheﬁyl to obtain a
laminated film of an oriented liquid crystal oligomer
. polymer composition and a polymeric substance. The
obtained laminated film became extinct under crossed
nicols and showed retardation of 5.3 nm which was
supposed to be due to cellulose triacetate, but
retardation enlarged when the film was tilted from the
homogeneous plane. Retardation at 60° inclination was
50 nm. The haze of this laminated £ilm as measured.by a
hazemeter was 1.4%.
When the polycérbonate rétardation film and
- said laminated film were laminated, the viewing angle
became greater thanL60° and there was obtained a com-

posite retardation film with a greater viewing angle



filmshows excellent viewi ng angle characteristics. Exanpl e 6

A 7% aqueous sol ution of polyvinyl alcohol (Poval 117, produced by Kuraray
Co., Ltd.) was coated on an 80 [err]mthick cellulose triacetate film and
dried in hot air of 100[err]C. The forned polyvinyl alcohol filmwas 2
[err]mthick. A cyclic permtad [-oxane |iquid crystal oligoner
obtained in Exanple 1 was dissolved in nethylene chlo-

concentrat i $hagf thatwek the Fﬁ“ﬁ%ﬁﬂﬂﬂ%ﬂﬁ?rqﬂﬂﬁ$qﬁ5&&?rd£é{§%tfkfh'

507 (produced by G bahem SRACT RS BT R diiD $5 r espear
iqui d o yePResd FarEen, Foss s YR B JF S Pl OPRUR

ot Toom r efperraRapdiil, Tiduhd St ddlPlet MA G Mpe OB giiall ort ed
(PThud orySeyetalf RISy device,, blacy e W q) MOPTaf NEE V0.

acetate) la lg@&p | l{RaVaS " Ad Gidein®sigglef or 5 minutes
and then irlrgqé' I at %é{dvmtinh Ii&%astf%md; %%%Pé fysingle

characteristics.

Example 8 _

A 7% aqueous solution of polyvinyl alcohol
(Poval 117, produced by Kuraray Co., Ltd.) was co§ted on
an 80 um thick cellulose triacetate film and dried in
100°C hot air. The formed polyvinyl alcochol film was 2
pum thick.

The 5-membered ring pentasiloxane liquid
crystal oligomer obtained in Example 1 was dissolved in
methylene chloride to'a concentration of 10 wt%, and in
this solution was mixed 4-methoxybenzophenone in an
amount of 10 wt% per 100 wt% of liguid crystal oligomer.
-Further, Irgacure 907 as a photopolymerization initiator
was mixed in an amount of 2% based on the weight of the
liquid crystal oligomer. The thus prepared solution was.
coated on a polyvinyl alcéhol-coated cellulose tri-
acetate film by using a bar coater. The obtained
oriented liquid crystal Sligomer composition film was
cloudy. | |

| The thus obtained three-layer (liquiqlcrystal

oligomer composition/polyvinyl alcohol/cellulose tri-



pressure nercury lanp at alight intensity of 500 mMNcnierr] on the

I rradi ated surface. The obtained lamnated filmof |iquid
crystal oligoner polymer conposition and pol ynmeric substance becane
extinct under crossed nicols and showed retarda- tion of 5.3 nmwhich was
supposed to be attributable to ceIIUI@§e‘triacetate but retardation

enl arged when the lamnpated filpmwas tilted fronrt anqleneous | ane.
Retardatlonaﬁ?téﬁﬁérFFmFHEFﬁﬂaFF B Was heated #0e &z §%3W95?q m as

measur ed by zenet read In Haze t.er d.. by ‘Suga
Shi kenki f°rLgdm}““§/§§ en lrra *at\%‘i‘eﬁ’oq‘rﬁrgli&ﬂ % gI
retardation_film_ _obtaine agpl | | re

| ani nat ed, PRESTRER; H‘Srgng? Tgﬁéag\g grlé' eqlsl rZJaE][ e"f’;lbnd(cj r& h&erﬁe was
obt ai ned a g2 site_r t Inrmnth a greater vi ewi ng angl e than
that of the Enﬁg 155F8&g£g§r5§%§ € retardation film

- 78 - when FQ'%bEQSHQEéH%mﬁ%%E%%@?f%% E'Bf “Be”

t he upper polarizing plate an correspon |qU| cryst of an

ST T By bt sl B o 12 3 v
Sai d conposiigsi@heeddcamel ehEifgy Qﬁd@&ﬂ@&%ssed nicols and showed
retardation of 5.3 nm which was supposed to be due to
cellulose triacetate, but retardation enlarged when the
film was tilted from the homogeneous plane. Retardation
at 60°.inclination was 55 nm. The haze of the £film as
measured by a hazemeter was 2.2%.

When this laminated film .and the polycarbonate
retarﬁation film used in Example 6 were laminated, the
viewing angle became greater than 60° and there was
obtained a composite retardation film with a greater
viewing angle than that of the single polycarbonate
retardation f£ilm.

Also, when this composite retardation film is
plaéed between the upper polarizing plate and the
corresponding liquid crystal cell of an STN type liquid
crystal display device, black and white display is given
and the film shows excellent viewing angle character-

istices.

Example 9
The procedure of Exampie 6 was'followed-except

for use of 3 wt% of octadecyl methacrylate in place of



to the upper polarizing plate of -an STN type liquid crystal display device
by a butyl acrylate type binder, and in this case, too, the filmshows
excellent visual field characteristics. Exanple 7 The
procedure of Exanple 6 was tarried out except for use of 8 wt % of

4- cyano- 4' - octyl oxybi phenyl in place" &l 4=cyano-4' - hexyl bi phenyl to obtain

Compost {1 on dar AR TR GO FRES (e F AL A P m becare
Slpposed 1 oo drenird A B Ak ot PP St T PG od anen
el i nat ] on RHR S0 AnBO TS B e | it SR e o EnthabPad )
Cara L am nated esans ereincy (s (dRUrHANE A MORAPL o " han

60[err] and fet{%r:%a“lf%np%@iﬂe}j 1 GHEch RAN tSupsdsddatd ofle fAd@ppith a

greater view ng ang _ _ - /9 - than that of
the single ploatAPIRIETRIAR I OhddddRe, but retardd€ibd his conposite

retardation filmwas
enlarged when the film was tilted from the homogeneous
plane. Retardation at 60° inclination was 70.0 nm. The
haze Sf the film as measured by a hazemetér was 1.8%.

When the polycarbonate retardation film used
in Example 6 and said laminated film were laminated, the
viewing angle became greater than 60° and there was
obtained a composite retardation film with a greater
viewing angle than that of the single polycarbonate
phase difference film.

When this composite retardation film is placed
between the upper polarizing plate and the corresponding
liguid crystal cell of an'STN type liquid crystal
display device, black and white display is given and the

film shows excellent viewing angle characteristics.

Example 10

 The procedure of Example 6 was followed except
that no polycarbonate retardation film was laminated to
obtain a laminate of an 6riented liquid crystal oligomer
polymexr fiim and a hydrophilic substrate. When this
laminate is placed between a polarizing plate and the

" corresponding liquid crystal cell of a homogeneously



pl aced between the upper polarizing plate and the corresponding liquid
crystal cell of an STN type liquid crystal display device, black and white
di splay was given and the fil mshowed excellent view ng angle
characteristics. Example 8 A 7% aqueous sol ution of

pol yvi nyl al cohol (Poval 117, produce®by Kuraray Co., Ltd.) was coated on
an 80 [err]mthick cellulose triacetate filmand dried in 109[err]C hot

air. The fawiantesbIEGR taPel dhbtd (GT¥S YRds LSPERY) ﬁ?YhF‘ék. - The
5-nmenbered ring pentasil oxane |jquid ryst al o%i%ongécgbtained i n Exanpl e
1 was di ssERRHE 9XCHEMNY SHEEHINEL? CRATRNEBRIPATFBA of 10 W% and in

this solution was m xed 4-net hoxybenzophenone in an anount of 10 wt % per
100 wt% of liquid crystal oligoner. Further, Irgacure 907 as a

phot opol yneri zation, i nifi s mxed in an amount of 2% based on the
wei ght of t¢ﬁ99?¥%ﬁﬁ%Fc ?éﬁégeo i goner. The thus prepared sol ution was

coat ed on a pol yvinyl gl Gohol ek ede Cekhith98°6! ks £832bae bide@iphy USI ng

a bar coater. The obtarn oriented |iquid crystal oligonmer conposition
filmwas cloldy.o heat treatmdftiPals e6hahbeddt AEeer! avatinki @i d crystal

ol i gonmer conposition/pol yvinyl alcohol/cellulose tri-
the liquid crystal oligomer composition to obtain a
laminated film of a liquid crystal oligomer polymer
composition and a polymeric substance. The obtained
laminated f£film was cloudy.
When observed under crossed nicols, the ;
laminated film was cloudy and it was found that the

1iquid crystal oligomer polymer composition was not

oriented vertically.

Example 11

4-(allyloxy)-benzoic acid-4’-cyanophenyl ester
was reacted with pentamethylcyclopentasiloxane in the
same way as described in USP 4,410,570 to obtain a
polymer having a cyclic pentasiloxane liquid crystal
oligomer as main structural unit. This liquid crystal
polymer showed the nematic phase and its liquid
phase/isotropic phase transitioﬂ temperature was 97°C.
This liquid crystal polymer was dissolved in acetone to
a concentration of 15 wt%. A glass substrate was
subjected to ultrasonic cléaning with a detérgent (Clean
Ace éroduced by Shoko Tsusho Co., Ltd.). The contact

angle of this substrate against.water was 30.3°. The



- 80 - acetate) lamnated filmwas heated in a 55[err]C thernostat for.5
mnutes and then irradiated with light froma high pressure nercury |anp
at alight intensity of 500 mMWcn2 on the irradiated surface.

The obtained | am nated fil m of orienteg liquid crystal oligonmer polyner
conposition and polyneric substance™b dame extinct under crossed nicols

d sh d tardati f 5.3 whi ch. tQ.b L
el 1 ul ose (M erStht RatIpak, PohSEiPE, oalPRRRRHs an Enle gldes o
f the h | t | 60 I pgl i ' 55
The hare ofo RETT Vi 3% & el SHFRLECTachel fiape' 065, 8ea) ¥R °5 00,

this Iamluﬁfigéiln1and t he polycarbonate retardation filmused in Exanple
6 were |amiriated, the viewi ng angle becane greater than 60[err] and there

was obtained a conmpoghd eoh€hhdat i 9guill Brysthlapaneaes’ £ilneWag angl e
than that of the single polycarbonaté retardation film Al so,

when this cormesy!e Tibagtass osubstiate wal headelebnean 1G10e Cuppar
pol ari zing plate and the  corresponding liquid crystal cell of an STN type

liquid crystatedisp! py sienaees . bl @hénandivhi thedigdplsay subsgiraee and the
fil mshows excellent view ng angle character- istics. Exanpl e 9
The procedurefofofxetel kot phatépl theceHoexpépte Wwas swdtoched wfh of
oct adecyl nethacrylate in place of
and the glass substrate was cooled gradually down to
room temperature over a period of 4 hours. The cooled
liquid crystal polymer was transparent ﬁnder crossed
"nicols and showed zero retardation, but as retardation
appeared when the liquid crystal polymer'film was
tilted from the homogeneous élane, it was found that the
film was oriented vertically; '

A 185 um thick polycarbonate base film was
obtained by solvent casting, and this base film was
stretche& 2.1 times at 184°C by transverse uniaxial
stretching. The obtained polycafbonate phase difference
film was 98 pm thick and its viewing angle (8 = 1.10)
was 31°, with R(0) = 572 nm.

When this polyCarbonate retardation film and
the liquid.crystal polymer film on the glass substrate
were laminated, the viewing angle was greater than 45°
and there was obtained a composite :etardation film with
a greater viewing angle éhan that of the single poly-
carbonate retardation_film.

This enlargement of viewing angle is indi-

- cative of homeotropic orientation of the liquid crystal



- 81 - 4-cyano-4'-hexyl bi phenyl to obtain a lamnated filmof an oriente
liquid crystal oligonmer polyner conposition filmand a polyneric '
substance. The obtained lamnated film became extinct under crossed nicols
and showed retardation of 5.3 nm which was supposed to be attri- butable
to cellulose triacetate, but retardatd ga -enlarged when the filmwas tilted
from the honpbgeneous plane. Retardation at 60[err] inclination was 70.0
nm The hapelegheirth€iflid.m as neasured by a hazeneter was 1.8%

Wien the polycarbonate retardation filmused in Exanple 6 and said

| am nated filmwere | am nated, the view ng angle becane greater than
60[err] and there was obtained a conposite retardation filmwth a greater
vi ewi ng angFemphxatilvgt Esempde i ngl e pol ycarbonate phase difference film
When this conposite retardation filmis placed between the upper -

pol ari zing pl ate and Mhe ®3ocessordi fxamplguild ¥apsCRrE&d Bt an STN type
liquid crystal display device, black and white display iis given and the
filmshows exsePtethal d&fien§lass SubsiateeGogteds with Iguidd

The procedure of Example 6.was followed except that nq .polycarbonate
retardationCFVFﬁP®a§EﬁéWFﬁaF@& et feated d

to obtain a liqui
crystal polymer film. When observed under crossed
nicols,'the obtained liquid crystal polymer film showed
2 minute Schlielen texture.

This liquid crystal polymer film and the
retardation film obtained in Example 11 were laﬁinated
to obtain a composite retardation film. This composite
retardation film, when observed visually, was cloudy.
Its viewiﬁg angieiwas 32.7°, not much different from

that of the liquid crystal pblymer film.

Example li

When-a glass substrate was subjected to oxygen
plasma treatment, its contact angle against water became
5.2°, A 1.1 um thick liquid crystal polymer film was
obtained by following the same procedure as Example li
except that the film was made hydrophilic. This liquid
crystal polymer film and the retardation film obtained
in Example 11 were laminated to obtain a composite
retardation film. The viewing angle of this composite
retardation film was over 45°,.greater than that of'the

original retardation film.



obtain a lam nate of an oriented liquid crystal oligonmer polyner filmand
a hydrophilic substrate. Wien this lamnate is placed between a pol arizing
plate and the corresponding liquid crystal cell of a honbgeneously

- 82 - oriented ECB type liquid crystal display device, it. shows
excel l ent view ng angl e characterlstlcga Conpar ati ve Exanple 2

The procedure of Exarrpl e 6 was foll owe %x'(':ept that no heat treatnent was
conduct ed aéter g of the liquid crystal oligomer conposition to
obtain a In1of a liquid crystal oligoner polymer conposition

and a polyneric subst T dq?{ | pudy.
When observed under crosse %Eic%geg %am nat %%Aicﬁavmggtgl‘gudy and it
was found tg? hleCddﬂfﬁg§(a- I(K¥433551 PROXIEED COPPASEAY ON Was not

oriented ver 4- (al I yl'oxy) - benzoi c

acid-4' - cyagg}gﬁ%@we RJ.el LLeas) r@qﬁ;ﬁ& Wi PhEbly | ciké opentast | oxéne

in the sanme way as described in USP 4,410,570 to obtain a polyner having
a cyclic peghagiel %%rlﬁhéﬁ WAt rc Besdaite @} j goOrera asp, Seum chidkt Wighiani t.

Thi s I|qU|d crystal
crystal polymer film was obtained in the same way as
Example 11 except that the glass substrate, after
heating, was placed on a 20°C stainless plate and cooled
quickly. This liquid crystal retardation film and the
retardation film obtained in Example 1 were laminated to
obtain a composite retardation film. The viewing angle

of this composite retardation film was over 45°,

greater than that of the original retardation film.

Example 14 -

| Polyvinyl alcohol (for oriented liquid crystal
film, produced by EHC Inc.) was spin coated on a glass
substrate to obtain. a polyvinyi alcohol substrate. The
contact angle of this substrate against water was 45.2°.
An acetone solution of the same liquid crystal polymer
as used in Example 1 was spin coated on said polyvinyl
alcohol substrate, followed by the same heat treatment.
as conducted in Example 11 to obtain a 0.7 um thick
liquid crystal polymer film. 'The_viéwing angle of this
composite retardation fiim was 37.5°, greater than that

of the original retardation film.



pol ymer showed the nematic phase and its liquid phase/isotropic phase
transition tenperature was 97[err]C. This liquid crystal polynmer was
di ssolved in acetone to a concentration of 15 wt% A gl ass substrate was
subjected to ultrasonic cleaning with a detergent (Cl ean Ace produced by
Shoko Tsusho Co., Ltd.). The contact"éﬁbke‘of this substrate agai nst water
was 30.3[err]. The - 83 - liquid crystal
pol yner sol BEABRL®adScoated on this glass substrate by a spin coater

The obtained |ljquid

1H DX, MKk Co., Ltd. d "dried. .
((:ryst al pol sfrgr film \t'ﬁg%e) Pgﬁrlty&ﬂ?r&efﬁé:eglt’éé? Sddd uasd i xRNt b
on the hot FPE: BORERE W8t IR et A ORI R O AL St ot o
| ed dual |,y ( i t Der.i f, 4 h :
The cool od PRyt cerdatiy st AR CRR ML AL ABeL i cor <
and showed g8L0gldiilaliciban i dhd Sl IaPhs IRGHIRA Mhen fyfie |1 qui d

crystal polyner fi1lmwas genéous plane, it was found

that the fipbmiwes QnigAd @ Hild GiiHstrate against Avak®x Ledd 14y 134 ck

pol ycar bonate base fil'mwas obtained by solvent casting, and this base.

filmwas shretiead 2riystalepclymed4 [ waldy floraies frSaHiy axi al
substrate éccording to the process of Example 4 and then
heat treated in the same way as Example 1l to obtain a
1.6 pm thick liquid crystal polymer film. This liquid
crystal polymer film and the polycarbonate retardation
film obtained in Example 1 were laminated so that the
delayed phase axes of the respective films would agree
with each other to obtain a composite retardation film.
The viewing anglé of this composite retardation film was

32.0°, greater than that of the composite retardation

film obtained in Comparative Example 4.

Comparative Example 4

The polycarbonate base used in Example 11 was
bonded to a glass substrate. Then this polycarbonate
base-bonded substrate and the polycarbonate retardation
film with R = 512 nm made in the same way as Example 1
were iaminated so that the delayed phase axes of the
respective films would aéree with each other to obtain a
composite retardation film. -The viewing angle of this
composite retardation film was.29.01. Thus, the viewing

angle became smaller when the two polycarbonate films



stretching. The obtai ned pol ycarbonate phase difference filmwas 98 [err]m
thick and its viewng angle ([err] = 1.10) was 31[err], with R(0) = 572
nm When this polycarbonate retardation filmand the liquid
crystal polyner filmon the glass substrate were |am nated, the view ng -
angl e was greater than 45 err] and there-was obtained a conposite
retardation filmwth a greater viewng angle than that of the single
pol y- car kg el ameirgdgked i o £hath their delayedhpbasal akgénent of vi ew ng
angle is indi- cative of honeotropic orientation of the liquid crystal

- 84 - polyoEld fagree witlonpachtotheExanpl e 3 The process of
Exanple 11 was carried out except that the glass substrate coated with the
liquid crystal polyner was not heated to obtain a liquid crystal polyner
film \Wen observed under crossed nicols, the obtained liquid crystal

pol yner f|Iﬁnm@ﬁWE%PV%.ﬁ*ﬂ@?%eséhllelen texture. This liquid
crystal polyner film and retardati on flan1obta|nedt| anple 11 were
| aminated to obtain % E%w%%%F’P@nFEFa 8s€i 641m FRF FRER &@npom te

retardatngééégalxgegoogigagfe g%kgﬁt @ﬁatchgug$1yv1nyl alcohol

was coated. Its contact angle against water was 80.5°.
An acetone solution of a liquid crystal polymer, same as
used in Example 11, was spin coated on said substrate to
obtain a liquid crystal pdlymer £film. This film was

| heat treated according to Example 11 or Example 13, but
as observed under crossed nicols, it showed a Schlielen
texture and was not oriented vertically. This 1liquid
crjstal polymér film on polycarbonate substrate and the
retardation film obtained in Example 11 were laminated
so that their delayed ﬁhase axes would agree with each
other to obtain a composite retardation film. This
composite retardation film was cloudy, and its viewing
angle differed from place to place of the film, indicat-

ing that this film was impractical.

Examﬁle 16

A cleaned glass substrate was masked with a
cellophane adhesive tape and set in an evaporator.
Evaporation was carried éut by adjusting the substrate
angle so that the evaporated Si0, would be applied to
the substrate at an angle of elevation of 10° from the

substrate surface. Evaporation pressure was below 3 x



Its view ng angl e was 32.7[errj, not much different from that of the
liquid crystal polynmer film Exanple 12 When a gl ass
substrate was subjected to oxygen plasma treatnment, its contact angle
agai nst water became 5.2[er]. A 1.1 [err]mthick liquid crystal polyner
filmwas obtained by follow ng the sane procedure as Exanple 11 except
that the fil mwas made hydrophilic. Thit8 I quid crystal polyner film and
the retardatign filmobtained in Exanpl?g%l e Ian1na ed to obtaln a
conposi te thaﬁﬁatl@ﬁtﬁq RAVERFARISR M Y¢et2
O ) Tali2ted Sha The hae R S g w% 2y ;gallg
When a glass bstrat reate sila p agent (AY43-021
produced by 78&893 Siﬁpgo E%bcoagfﬁg)gfgmngﬁﬁ $ﬁ°h§§ %hggg t he cont act
angl e agai nst water bﬁcznﬁﬁﬁit%&%ngnszélé%l 41 ééﬁf h(H“P crystal

polymer filmwas obtai'n same "wa xce that the

0 55 U0 Uy APl S SRR A A SR ) 7
retardationggil Hﬂe%?x‘bﬁ' REwinn lﬁxilﬁ@' Q,:Iil‘(ﬁrseld ¥y WA @ cyclic
| pentasiloxane liquid crystal polymer. This ligquid

crystal polymer showed nematic phase. This polymer was
dissolved in methylene chlorideto a 10% concentration
and the solution was spin coated on the SiO,-coated
substrate. | |

The obtained léminate was cloudy when observed
undér crossed nicols and 1.8 um thick. The obtained
£film was heated at 60°C for 3 minutes and then observed
under crossed nicols. It was found that at the SiO,-
depbsited area, ﬁhe liquid crystal polymer was uniformly
oriented. |

Fig. 2 shows diagrammatically the direction of
evaporation and the inclination axis at the time of
measurement of transmitted light intensity, and Fig. 3
shows change of transmitted ligh£ intensity when the
inclination axis was tilted. From Fig. 3, it is seen
that extinction takes place when the laminate is turned
30° about the inclination axis b, and that the liquid
crystal polymer is oriented with an inclination of 60°,

‘in terms of angle of elevation, from the film plane.



obtain a conposite retardation film The viewing angle of this conposite
retardation filmwas over 45[err], greater than that of the original
retardation film Exampl e 14 Pol yvi nyl al cohol (for oriented
liquid crystal film produced by EHC Inc.) was spin coated on a gl ass
substrate to obtaina pol yvinyl al cohol 8%ubstrate. The contact angl e’ of
this substrate agai nst water_was 45.2. An acetone solution of the sane
liquid cryfRompPaFatiee EXAMRLR® i n Exanple 1 was spin coated on said

| yvi nyl | cohol trat I :
I T s
I fil The Vi ewi . : _ : ( 4
B L gr cahoTR et b g BPRELSh  OF Eper4THSS pbRerArErkaGRen | M vas

- 86 - Ex%ggaftJEbel+%ghane a&ﬁ@s??éyEQgQOGQEeugéaeaE:EGb%%&%t%ﬂ-Exa”p|e

11 was bon 0ag S substrate and Subjected to ultra- sonic cleaning

with a det e{)ﬁ&%té‘fﬂecﬁoiﬁﬁ{iﬁé{{e?' g8hekamtAsdcanted theseea nidda same way

as Exanple The contact angle of this substrate against water was
45.2[err]. ndy!dagin1ceyshaterehy8er EihBbvas bRtiREteBn! Riche waldstrate

according to the process of Exanple 4 and then. heat treated in the sane
way as Exanghgetded OwRBhatRealaminate was turned in the substrate
plane, it waé confirmed that the laminate was not
oriented in the substrate plane. It was also found that
since no extinction zone was admitted when the laminate

was tilted about the inclination axis a or b, the

laminate had no slant orientation.

Example 17
| A 10% aqueous solution of polyvinyl alcohol
(Poval 115, Kuraray Co., Ltd.) was coated on an 80 um
thick cellulose triacetate film and dried in 100°C hot
air. The polyvinyl alcohol coating was 2 um thick. The
procedure of Example 16 was followed except that the
obtained-film was used as substrate to obtain a laminate
of an oriented liquid crystal polymer film and a
| substrate.
The obtained laminate was cloudy and 1.8 um
thick. The obtained film was heated at 60°C for 3
iinutes and then obéerve&.under crossed nicols. It was
found that the liquid crYstal polymer was uniformly
oriented at the portion where Si0O, was deposited.

Fig. 2 shows diagrammatically the direction of



1.6 [err]mthick liquid crystal polymer film This liquid crystal polyner
filmand the polycarbonate retardation filmobtained in Exanple 1 were

| am nated so that the delayed phase axes of the respective filns woul d
agree wth each other to obtain a conposite retardation film The view ng
angle of this conposite retardation filggwas 32.0[err], greater than that
of the conposite retardation filmobtdined in Conparative Exanple 4.
Conparative Gxampl@ i4n and the inFl&MUiMAOGNANA hase wsesl of Exanpl e 11
was bonded to*a Slass substrate. Then this polycarbonate base-bonded
substrate aﬁ%&%&&@»&%&b%&m&t@&ia}ﬂ frideni #yp, Rurrd 5#2g ng made i n
the sane way as Exanple 1 were |lam nated so that the del ayed phase axes of
the r'eSPeCE?%@:sf idhEh geP Wi raaminitdd aaahiotitierdsi optwtien atheonposite
retardation film Theé viewing angle of this conposite retardation film
was 29.01. ThwSnalthe wasewiuithedmouthacan® iyl it idrenatihe. t Wt is

pol ycarbonate fil ns - 87 - were
| am nat ed sgelehatf richeiFiglel4ayteh tp ease roteison vaeduic sgrleen vithén each ot her.
Conpar ative Exanple 5 A pol ycarbonate base filmwas treated

laminate is turned 30° about the inclination axis b, and
that the liquid crystal polymer is oriented with an
inclination of 30° from the direction normal to the
laminate.

By using the oriented liquid crystal polyﬁef
film or oriented liquid crystal oligomer polymer film
with the optical axis inclined 10-80°, in terms of angle
of elevation, from the film plane according to the
present invention, or by laminating such film and a
transparent or semitransparent film of a polymeric
substance or combining said film with a uniaxially
oriented retardation film, it is possible to obtain a
composite retardation plate with a large viewing angle.

Also, by applying said film or laminate to an
STN type liquid crystal display device, it is possible
to remarkably improve the display characteristics,
especially viewing angle characteristics, of the display
device. |

By using an optically anisotropic film ﬁaving
the opticai axis substanéially parallel to the normal
line of the film, or by laminating such film and a
transparent or.semitransparent_film of a polymeric:

subst&nce; or by combining said film with a uniaxially



according to Exanple 15 except that no pol yvinyl al cohol was coated. Its
contact angle against water was 80.5[err]. An acetone solution of a liquid
crystal polyner, sane as used in Exanple 11, was spin coated on said
substrate.to obtain a liquid crystal olymer film This filmwas heat
treated according to Exanple 11 or le 13, but as observed under
crossed nicols, it showed a- Schllelen texture an ar.i ent ed

vertlcalIy'°ﬂlﬁ%ﬁ¢¢qﬁ?ﬁaré¢?§?ﬁlfbﬁ?yn%F %?Iﬁ?ﬁﬁlgéFy rB 348 Substrat e
and the retardatjon film gbtained 11 wer e.l am _nat % so t hat
their del ayRRmpREkEe oxgta %Fﬂ°%g?%%tﬁnVﬁggaﬁh aﬁ?ﬁeylﬁgl £ ‘conposi te
retardation film Thi te retardation I I , and its -

Vi ewi ng angle'differgﬂrF?% p %C%sfﬁg g§ grégnE ﬁgﬁ;EaQH cat- ing that
this filmwas, ra tlc |5

substrate v%&}%ég ?ﬁlm ha ﬁgg ﬁanepaéﬁgélsglfaaécgﬁgéggﬁi?ﬁﬂﬁﬁ

evapor at or V r n ca i u g £t tyate

angl e so th%.o hgggvg%%ﬁ Pr%ﬁg %r? QahﬁBXtiﬂ p%thdfggﬁl%fﬁgéiubstrate

Ebaan angl e, ol é§¥éﬁ£08rog AQLEEﬁLpBEQHEtQQIm d¢bal prRagmetiiace.
poratlon pressure was - 88 -
10[err] Pa. s&Eéeanew,ipe{:abyoaombmﬁlﬁgl kaphare 1adhethve wad@xially

oriented retardation film, there can be cbtained a

composite retardation plate with a large viewing angle.

Also, by applying said film or laminate to an

STN type or ﬁomogeneously aligned ECB type liquid .

cryétal diéplay device, it is possible to remarkably

improve the display characteristics, especially viewing

angle characteristics, of the display device.

‘Example 18

On the same polycarbonate retardation film as
used in Example 1, a stable colloid of partially
hydrolyzed silicon tetrachloride was coated using a bar
coater #9 and air dried. The same liquid crystal
oligomer as used in Example 1 was dissolved in toluene
so as to make the concentration 20%, followed by
dissélution of Irgacure 907 (mfd. by Ciba-Geigy AG) as a
photopolymerization initiator in an amount of 2% based
on the weight of the liqﬁid crystal oligomer. The -
resulting solution wﬁs'coated on the above-mentioned
substrate using a bar coater #9 énd dried at room

temperature to give a liquid crystal oligomer film of



was renoved and the coated substrate was washed with acetone. The Si Q2
coating filmwas 500 nmthi ck. 4-(al | yl oxy) - benzoi c

aci d-4' - net hoxyphenyl ester was reacted with pentanethylcyclopenta5|onane
by the nmethod shown in USP 4,410,570 to obtain a cyclic pentasiloxane

liquid crystal polymer. This quuid -c9¢st-al pol yner showed nematic phase.
This polymer was dissolved in nethylene chlorideto a 10% concentrati on
and the sol ptfopmwakisgi.n Thet sesvdtihg 3iigRidogrystadulediigamer

The obtained | am nate was cl oudy when observed under crossed nicols and
1.8 [err] m fhlmkwasThdoubedi Aadwhitem was heated at 60[err]C for 3 mnutes
and then observed under crossed nicols. It was found th%F at the SiJerr]-
deposited area, the | Aqdamisaget 41180 CPMPELfdady e GRSH %nt ed.

Fig. 2 shows diagramuatically the direction of evaporation and th
ncl i nati onadkEBes: LiAB S FEYSEA LIS GemeEn ARG & rsa\ﬁ%ﬁﬁﬁatteed Tageat

IRLFPﬁAEYon%E%p?e%aeq.%?ﬁd“%o%‘%%n& 5 g vER b7 thind %as” on'takes
Phat the || HAED CHEFAUIOISs shign s sstorf?”#%ﬁt%?9h”§kh? Bh-BRsBEhEer;
60[err], |gegg%g%,qfngqgle of elevation, fromthe fllnlplane.
The resulting laminate of aligned polymerized
liquid crystal oligomer and substrate showed 380 nm due
to the retardation film. When this laminated film was
‘inclined using the optical axis of the retardation film
as an inclination axis, the retardation hardly changed.
The viewing angle was 60° of more, and greatly improved
compared with the case of single use of the retardation
£ilm.
When this laminated film of aligned polymér-
ized liquid crystal oligomer and substrate is placed
‘between the upper polarizing plate and the liquid
crystal cell of an STN type liquid crystal display
device, black and white display is given and the film

shows excellent viewing angle characteristics.

Example 19

On the same polycarbonate retardation £film as
used in Example 1, a har& coat agent (Sumiflex XR-11l, a
trade name, mfd. by Sumitomo Chemical Co., Ltd.) was
coated using a bar coater #9 to form a film of about 5

um, followed by photo curing.-.The-resulting-film was



- 89 - Conparative Exanple 6 ' The procedure of Exanple 16 was
foll owed except that the portion of the glass substrate masked wth a
cel | ophane adhesive tape was used as substrate. The obtained |am nate, as .
exam ned under crossed nicols, had a Schlielen texture. Since no
extinction zone was observed when the Bdnmnate was turned in the substrate
plane, it was confirmed that the |lam nate was not oriented in the
substrate plpkasmattueated sin faAurkK 15 - sTheesaseckifnédi 6RYS6AL was
admtted when the lamnate was tilted about the in Iigation Xis a or b,
the |aninateligemes as fiedrinfsamphe 1 WgRafppsoiyed 1n tolueng 1g9p.
aqueous sol ution of polyvinyl al cohol Poval 117, rarqy, Co., Ltd.) was
coated on arPB®R$§ ¥ |FaKE ht %@?%%‘é%‘-%?%@@%m goﬁ'ﬂpma n8¥dried in
100[err]C hot, aiy.. The | yvi nyl _al ol _cqatng S .err thi ck. The
procedur e ofé- LA ‘ggsyzf%?qy‘bﬁ%dggzcéﬂggth 4 Fﬁgaféﬁg‘gyné?)f 2mnas
used as substrate to obtain a lamnat f.an_qriLe lequld,cryst al
pol ymer fiIrﬁ%ﬁkF%Pfgwﬁﬁ&7%ﬁifn ThlEigeod l?hggo%FgFﬁgdbkaéﬁngﬁgg s cl oudy

and 1.8 [er r%fﬂ‘tw‘%i%@%f)b&%”fgg&e%mﬁ??%%?af’?gagéego[e LC for 3

m nutes and theh observed under cross _ fogn t hat the
L ) AL s 8P i dpnhatthtng sbbsottiiabater s
direction ofgyhstrate using a bar coater #9 and dried at room

temperature to give a liquid crystal oligomer film of

2.1 pm thick. The resultinj liquid crystal oliéomer

film was clouded in white.

A laminated film comprising the resulting
aligned liquid crystal.oligomer and a substrate was heat
treated at 80°C for 5 minutes, followed by irradiation
with ultraviolet light at 1 J/cm? from a high-pressure
mercury lamp. _

The resulting laminate of aligned polymerized.
ligquid cryst;l oligomer and substrate showed 380 nm due
to the retardation film. When this laminated film was
inclined using the optical axis of the retardation film
as an inclination axis, the retardation hardly changed.
The viewing angle was 60° or more, and greatly improved
coméared with the case of single use of the retardation
£film.

When this lamiﬁated film of aligned polymer-
ized liquid crystai oligomer and substrate is placed
between the upper polarizing plate and the liquid

crystal cell of an STN type liquid crystal'display



- 90 - evaporation and the inclination axis at the tine of neasurenent of
transmtted light intensity, and Fig. 4 shows change of transmtted |ight
intensity when the |am nate was turned about said inclination axis. It is
seen fromFig. 4 that extinction occurs when the lamnate is turned
30[err] about the inclination axis by-84d- that the liquid crystal polyner
Is oriented with an inclination of 30[err] fromthe direction _normal to
the |am nadévice, black aByd wbihg dhspbayehsegivegupddc s H1190| yner
filmor oriented liquid crystal oligoner polynmer film, with the optical

axi s incli nellowd- 68celdensr viewingngnaleorhara¢aerdf 4GSom t he fil m pl ane
according to the present invention, or by lamnating such filmand a
transparent or semtransparent filmof a polyneric substance or conbining
said filmwith a_uniaxially oriented retardation film it is possible to
obtain a cBEpBBLBe2Petardation plate with a |arge view ng angl e.

A S0) D APPLYI 0, 52 L Sk BT 5B SHNSARE A S o
bty - EIR R R G S
- light curable acrylic series was coated using a bar
coater #9, air dried, and cured by irradiating ultra-
violet light at 3 J/cm?’. The same liquid crystal
oligomer as used in Example 1 was dissolved in toluene
so as to make the concentration 20%, followed by
dissolution of Irgacure 907.(mfd. by Ciba-Geigy AG) as a
photopolymerization initiator in an amount of 2% based
‘on the weight of the liquid crystal oligomer. The
resulting solution was coated on the above-mentioned
substrate using a bar coater #8 and dried at room
temperature to give a liquid ciystal oligomer film of 3
um thick. The resulting liquid crystal oligomer film
was clouded in white.

The resulting composite retardation film was
heat treated at 80°C for 5 minutes, followed by
i?radiation with ultraviolet light at 1 J/cm? from a
high-pressure mercury lamp.

| The résulting'compqsite retardation film
showed 380 nm due to therretardation film. When this
composite retardation film was inclined using the
optical axis of the rétardation film as an_inclination.

axis, the retardation hardly changed. ' The viewing angle



the optical axis substantially parallel to the normal 1line of the film or
by Iam nating such filmand a transparent or semtransparent filmof a

pol ymeric substance, or by conbining said filmwith a uniaxially

in a conposite

- 91 - oriented retardation film it is possible to obtai
retardation plate with a | arge view mg38ngl e.

an oriented optlcally anisotrgpic filmhaving the o tlca
10-80 fronvefebPr| aFprare, BdeQrPaﬁllMat’-Wﬁé“’é’&@h

Furt her,
aX|s

by using
|ncI|ned

With thepar ent

or semtransparent filmof a g tancef by conmbining said

filmwth aCEﬁFanaFF9918rP§ﬁt85 aF&&FF ﬁtﬁopn] re can be obtained a

conFosite reéa;d?tlon ﬁlatﬁgﬁ%tES%gkga é%%tq¥%‘%llm lsl la e&usg EC%

appl yi ng sai il mor onogeneous aligne

type quuid a [ SS| |nprove

t he displ ay c§g¥§étngs§?ég¥ gg&é%?%ﬁb? ﬁg&%h%nmgﬁﬁﬁ acter stlcs
donat e

the display,devige) of agﬁhetgﬁa liguid crfd atlhenssqﬂwca

e col |l oidof partlally

retardat|on Ilmas use

hydrolyzed ghhigkORnbeihackl a&géaa\rws.scg%@% BHdEhe Rmpdsiaieere #8, and air

dried. The sane liquid crystal
in toluene ghows excellent viewing angle characteristics.

Example 21

i gomer as used in Exanple 1 was dissol ved

A cellulose triacetate film of 80 um thick’

(Fijitax SH-80, a trade name, mfd. by Fuji Photo Film

Co., Ltd.) was subjected to saponification treatment on

the surface to give an optically transparent and

isotropic polymer substrate. On this substrate, a 30%

toluene solution of polymerizable ligquid crystal

coating method so as to form a film of 2.8 um

thick

oligomer obtained in Example 1 was coated by a gravure

after dried. After heat treating at 80°C for 2 minutes

for homeotropic alignment, ultraviolet light of 500

mJ/cm? as an integrated light amount was irradiated to

give a polymerized liguid crystal oligomer/polymer

laminated film having an isotropic in-plane refractive

index, which is smaller than the refractive index in the

" thickness direction.

Further, as a uniaxially oriented retardation

- film, a uniaxially oriented retardation film having an -

in-plane retardation of 428 nm (Sumicaliéht SEF-360428,

a trade name, mfd. by Sumitomo Chemical Co., Ltd.) was.



so as to make the concentration 20% followed by dissolution of Irgacure
907 (nfd. by Ciba-Geigy AG as a photopolynerization initiator in an
anount of 2% based on the weight of the liquid crystal oligomer. The
resulting solution was coated on the above-nentioned substrate using a bar
coater #9 and dried at room tenperatu8é o give a liquid crystal oligoner
film of - 92 - 2.5 Jerr]mthick. The
resulting laggdd crystal oligomer filmwas clouded in white. : A
lam nate filmconprising the resultin aligned liquid crystal oligoner and
a substrate was heat TwoeaeﬁdrdﬂtggpegiﬁmsfUﬁrs rbkadaed | owed by
irradiation wth ultraviolet light at 2 J/cnferr] froma high-pressure
mercury | anpaminating theTpelymewmierdglignidacsystadl PeAEPMEHyneri zed
liquid crystal oligonmer and substrate showed 38Q nmdue, to the retardation
film \Wen polymeanianisated| filwds ant,&hendaigEid 1 oTen axi s of the
retardation film_ as an _inclination axis, the retardati%p hardly changed.
The vi ewi ngrefgréatagnefism HSABI 3Hd SV i(FPPSYEY S N5ared with the
case of single_use of the retardatio film_. . .. \Wen.his | am nated
film of a[i@ﬁééubeﬁ?nﬁF;acﬁféﬁel'&&F@P@P??FéPZSPi&&ﬁ@ﬁdaﬁfzﬁﬁékraie i s

pl aced layer/polycarbonate uniaxially oriented film).

The resulting retardation films were placed
between the liquid crystal cell and upper and lower
polarizing films, respectively, in a FTN type liquid
crystal display (FTN type LCD), mounted in a word
processor (OASYS 30LX-401, a trade name, mfd. by
Fujitéu, Ltd.) so as to face the polycarbonate
uniaxially oriented film to the liquid'crystal cell.

The FFN type LCD was small in change of
contrast by means of the viewing angle, and particularly
symmetrical, and showed wide viewing angle character-
istics in the directions of azimuth angles of 60°, 120°,
240° and 300°.

Iso-contrast curves are shown in Fig. 5.

The iso-contrast curves were obtained by
measurement using a device LCD-7000 (a trade name, mifd.
by .Otsuka Denshi Co.) by-a transmitting method.

The voltage applied to the liquid crystal‘
display device was contrélled so as to obtain the best
contrast when viewed by the naked eye from the front of
the iiquid crystal display device under practically

driving state. Further, the retardation of the



bet ween the upper polarizing plate and the liquid crystal cell of an STN
type liquid crystal display device, black and white display is given and
the film shows excellent view ng angle characteristics. .  Exanple 19

On the sane polycarbonate retardation filmas wused in Exanple 1, a hard
coat agent (Sumiflex XR-11, a trade nane, nfd. by Sum tono Chem cal Co.,
Ltd.) was coated using a bar coater #9 ¥ forma fl|ﬁ10f about 5 Jerr]m
foll owed by photo curing. The resulting filmwas

- 93 - plaswaisxdalddy orientad gecartied isand Ilmuind WristExample goner as
used in Exanple 1 was dissolved in toluene so as to make the concentration
20% fol | one@bERingds faom ithe SR Lmyac weordERIWF Pf BNIETELIRIEH AQ) as a
phot opol yneri zation initiator in an amount of 2% based on the weight of
the |iquid cEPeFEEroMSdageR SRRStromaRern AJCRR Ity \RstXAR RABRY t he
above- nentlongg ubstrate using.a _bar coater 9 and dried q%?room

t enper at ur e M§dgi PF QS %%§§T§P'0|I qQﬁ*ﬂ two PSR TI ARG ck.

I\“Faﬁn-eﬁgltehnﬁf'ﬁ'aﬁ%'d HEEEL BIg Ehe Podmealtel di g JHTLRA TSR of | gorer
and a substrate was heat

Example 22

A FIN type LCD was produced in the same manner

as described in Example 9 except that the film thickness

of the_poiymerized liquid crystal layer of polymerized

liquid crystal oligomer/polymer laminated film was made

3.3 uym. The FTN type LCD was small in change of con-

trast by means of viewing anglé and showed good viewing

angle characteristics. The iso-contrast curves are

shown in Fig. 6.



treated at 80[err]C for 5 mnutes, followed by irradiation wth

ultraviolet light at 1 J/cn2 froma high-pressure mercury | antullwuuvlwlum"l“l
The resulting | am nate of aligned polynerized liquid crystal Of s
substrate showed 380 nmdue” to the retardation film Wen this | am nated
filmwas inclined using the optical axiggof the retardation film as an
inclination axis, the retardation hardly changed. The view ng angl e was
60[err] or nmpr@armand greatly inproved conpared with thé case of single use

of the retardation film. Wien this lamnated filmof aligned
polymer- izad liquid qydpticdigpraiisorspist £falm compkasedg hetween the
upper polarizing plate and the liquid crystal cell of an STN type liquid
crystal displpalymer of a liquid crystal oligomer-h&#ing gesitéyebl ack and
white display is given and the film shows excellent view ng angle -

char act eri st ianisotrdpyanpf ec@firactive indexXOmndeskewingohg¢wathbonare
retardation filmas wused in Exanple 1, a hard coat agent of ultraviolet

| i ght curabl emestild Ehase essakd Liomid exysieph dhigomesnt being, air dried,

and cured by irradiating ultra- violet light at 3 J/cnR. The same |iquid

crystal ol i gekacted (Eremihitsarpfhain @8 eyebbsveianidt 6FyERal

oligomers mainly composed of the following recurring

uﬁits (I) and (I1):

A~
Rl—‘?’—( CH; ) —O0)a— Axr;)——L),—Ax,—R (1)

| Rz—"?:_( CHz )y» —£0)ar—Ax;—(L’ ) p—Ar;~—0CO~—CR’ =CH,

(11) -

wherein A is a group represented by the following

formula (III) or (IV):

| _
—?i—— | | (III)
0
I
| _ .
. --cI:——coo- (IV)
CH,

wherein, in the formula (III), -8i-0- is a main chain of



' so .as to mmke the Conc_e'ntration 20% foi | owed by di .s's_ol ation

of Ir acure
907 (nfd. by Ciba-CGeigy AG as a photopolynerization ini tlﬁllﬂ““‘"ﬂm“ll””m

amount of 2% based on the weight of the liquid crystal oli v S
resulting solution was coated on the above-nenti-oned substrate using a bar
coater #8 -and dried at room tenperatweda.give a liquid crystal oligoner
filmof 3 [err]mthick. The resulting liquid crystal oligoner film was
cl ouded i n withiee recurring unitlhe y esultimg amrpoisdttenéef@ﬁda],aopn‘f?l m was
heat treated at 80[err]C for 5 mnutes, followed by irradiation wtl
ul traviol et HCgi#.atig 3/ mafisr chainogfathki gecpredisg emer QU dNI)
The resulting conposite retardation film showed 380 nmdue to the
ret ar dat i onahnid mhewhe€Qhigrour difp geistics irogtent diat itdre fside wamimaetiigd usi ng
the optical axis of the retardation filmas an inclination axis, the
retardati on ReAEhRZKanged. RThawhere W nip sthg eformula (I) is the
- 95 - was 60 or nore, and greatly inproved conpared with the case of
singl e use offormalet(Idat iand When A in the fommelat (I3) chspusét e
retardation filmis placed between the upper polarizing plate and the
liquid crys- foraml@|(I1d) aRistdt fpea¥e hadependent 1yt bptinggenyi ae, bl ack
and white di-scpl ay_.is_given and the conposite film ' :
1-s alkyl group or a phenyl group, and when A in the
formula (I) is the formula (IV) and when A in the

formula (II) is the formula (IV), R, and R, are
independently hydrogen or a C, alkyl group; k and k’
are independently an integer of 2 to 10; m and m’ are
independently 0 or 1; Ar,, Ar,, Ar; and Ar, are indepen-
dently a 1,4-phenylene group, a 1,4-cyclochexane group, a
pyz::idi_ne-z +5-diyl group or a pyrimidine- 2,5-diyl group;
L and L’ are independently CH,-O-, -0-CH,-, -C00-, -0OCO-,
-CH,~CH,~, ~CH=N-, -N=CH- or a divalent group represented

by the formula (V):

-N = N- (V)

p and p’ are independent;y 0 or 1; R is hal_ogén, a cyano
group, a C,,, alkyl group or a C,,, alkoxy group; and R’
is hydrogen or a C,; alkyl group), wherein when the
numbers of the recurring units (I) and (II) in one
molecule of said oligomer are supposed to be n and n’,
respectively, n and n’ are each an integer of 1 to 20

and satisfy the relation of 4 < n + n’ < 21, and further P



shows excell ent view ng angle characteristics. Exarrpl e 21 “II,"“HI,L""LM,“II'
cellulose triacetate filmof 80 [err]mthick (Fijitax SH- 80,

nfd. by Fuji Photo Film Co., Ltd.) was subjected to saponification"*
treatment on the surface to give an optically transparent and isotropic
pol ynmer substrate. On this substrate,. g% toluene solution of

pol ymeri zabl e liquid crystal oligonmer obtained in Exanple 1 was coated by
a gravure ceparagteribed 5o tilatothier vesminain gkoip8offetthlpm t hick after
dried. After heat treating at 80[err]C for 2 mnutes for honeotropic

al i gnment, utécavibhgtuhigh{IDj t9Opohymenized) asdamhamt@@ﬁaﬁﬁﬂdqqﬁn
amount was irradiated to give a polynerized |liquid crystal

ol i goner / pol 3wiks of amehdt £ulmi L abigngdahni ther dprecitdopl &fe arefractive

i ndex, which is smaller than the refractive index in the thickness
direction. angle selectedhfromabetwernali anfdy 887 agad@stethinmmal il m
a uniaxially oriented retardation filmhaving an in-plane retardation of
428 nm (Sum tanegaf SEe-88dW28, a trade name, nfd. by Sunitomp Cheni cal
Co., Ltd.) was ] ) .w 96 - tésed. .

Two retardat?en filns HBrePbhFathEqapysotropic film according to

Claim 1, wherein the film comprises a polyrherized liquid
crystal oligomer and a low-molecular weight compound,
said low-molecular weight compound being at least one
compound selected from the group consisting of the

compounds of the formulae (VI), (VII).and (VIII):
Ry—Ar;—(L);,—Ar;—R, (VI)

wherein Ar; and Ar, are independently a 1,4-§heny1ene
group, a 1,4-cyclohexane group, a pyridine-2,5-diyl
group or a pyrimidine-2,5-diyl group; R, is halogen, a
cyano group, a methacryloyl group, an acryloyl group,
a C;_y alkyl group or a C,_, alkoxy group; L is -CH,-O-,
-0-CH,~, -C00-~, -0CO-, -CH,-CH,~, -CH=N-, -N=CH-, a
1,4—pheﬁylene group or a divalent group represented by

the formula (V); p is 0 or 1; and R; is a C3_30 alkyl group

' (Rg) g
(VII)

wherein Rs; and Ry are independently hydrogen, a C

or C,.,o alkoxy group;

Ee

S)m

o=0n0O

(R

1-20 alkyl



Ianinating the pol ynerized |iquid crystal oI|QOnér/ pé"yﬁﬁﬁ‘7_7ﬁ7nﬂ1ﬁ$4ﬂ44n
and the uniaxially oriented retardation f|In1u5|ng an a u’

(construction: cellulose triacetate filnipolynmneri zed i 3 mmm'"wdm””m

" layer/ pol ycarbonate uniaxially oriented filn. & rksutting+

retardation filnms were placed between the liquid crystal ceII and ‘upper
and | ower polar|2|ng films, respectlvempllfla FTN type liquid crystal

di spl ay (FTN type mounted in a word processor (QASYS 30LX-401, a
trade nare, ulI’)yor FCEJIj -tot &4 KOKY IFOuE ;adndo ¥ A8 ¢ héﬁ?ol’-j’@zﬂﬂ%!mt e

uni axi al l'y onientfd ilmfo the liquid crystal cell. _ The FFN
type LCD was hahge of contrast by means of the view ng angl e,

and particularly symetrical, and showed w de vi ewi ng angl e character-
istics in the directions of azinuth angl es of 60, 120[err], 240[err] and

300. | so-co v re showmn in Fig. 5. The
| so-contrast curves mergﬁbbtaﬂﬁgé §§°ﬁﬁeasurenent using a detYE&T oD 7000

(a trade nanme, nfd. by O suka Denshi Co.) by a transmtting mnethod.
The voltage applied to the quuid crystal display device was controlled so

of the | Lquit T yERaRr G Aol e MR, Rl P iR ey
Further, the gokAEd2EHOR &@oﬁﬂ?
the composition of said film being 100 parts by weight
of said iiquid crystal oligomer and 0.1-40 parts by
weight of said low-moiecular weight compound. |
3. An optically anisotropic film according to
Claim 1 or 2, wherein the optical axis of said film is
aligned substantially parallel to the normal line of the
film plane.
4. An optically anisbtropic film according to
Claim 1 or 2, wherein the optical axis of said film is
inclined 10°-80°, in terms of angle of elevation, from
the film plane.
5. An optically anisotropic f£ilm comﬁrising a
side chain type liquid crystal polymer having positive
anisotropy of refractive index and showing nematic or
smectic phase, said liquid crystal polymer being a
linear-chain or cyclic liquid crystal polymer composed

of the following recurring units (IX):

R —A—(Cﬁz)k—-(o)—Arz—(L) ——Ar,—R (IX)



- 97 - unlaX|aIIy oriented- retardatlon f|In1|n this. Exanple was

polarizing prisns were placed in parallel in the opti cal syst m*
Exanpl e 22 A FTN type LCD wasjghoduced in the same manner
described in Exanple 9 except that the filmthickness of the polyneri zed

liquid crystakhlezdm af 1F§3|av d d.-e Pt &d V5§ 2¢hé| fGPH@&iH?' ymer
| am nated fil mwas nade he FTN type LCD was snall in change

of con- trastfdzynqu(s(pfom(emm angl e and showed good viewing angle
characteristics. The iso-contrast curves are shown in Fig. 6.

- 98 - CLA M 1. An optically anisotropic filmconprising a
polymer of a liquid crystal oligoner having positive anisotropy of
refractive index and showi ng nenfatic or smectic phase, said liquid crystal
ol i goner being selected f r om=++Siear - chai n or{Xyclic liquid crystal

ol i goners mainly conposed of the(l)fol | ow ng recurring

—C—C00— (XI)

CH,

wherein in the formula (X), -Si-O- is a main chain of
the recurring unit (IX) and, in the formula (XI),
-C~CH;~ is a main chain of the recurring unit (IX) and the
COO group is positioned in the side chain which is not
R;; when A in the formula (IX) is the formula (X), R; is
hydrogen, a C,, alkyl group or a phenyl group, and when
A in the formula (IX) is the formula (XI), R, is
hydrogen

or a C;M alkyl group; k is an integer of 2 tb 10; m is O
or 1; p is 0 or 1; Ar, and Ar, are independently a
1,4-phenylene group, a 1,4-cyclohexane group, a
pyridine-2,5-diyl group or a pyrimidine-z,s-diyl group;
L is -CH,~0-, -0-CH,-, -cqo-; -0CO-, -CH,-CH,-, -CH=N-,
-N=CH- or a divalent group represented by the formula
-N = N-; and R is hydrogen, halogen, a cyano group, a

\ /
o

Ci-10 alkyl group or a C,,, alkoxy group, _characterized in

‘from the maxi mum wavel ength of interference spectta. usmg“'mmmm
(MCPD- 1000, a trade nane, nfd. by OQsuka Denshi Co., Ltd m'”"’

Y.



Its (I) and (H1): [err].

)  wherein Ais a group represented by the fol | ow ng : forHBl m]I'LImLMIHI“I
V) : [err] - . wherein, in the fornula (I11), -Si

ain of the recurring unit (1) _or (Il1) and, in the formula

V), -CCH2- is a nmain chain of the regggring unit (I) or (I11) and the

COO group is positioned in the side chain which is neither R err] nor
Rl err]; when Ahat tthe fromhdm ofl Jthes ddomrring units is 4-10,000 on

un
(1
(1
ch
(1
the average per one molecule of the poiymer, and that
the optical axis of said film is inclined 10°-80°, in
terms of angle of elevation, from the film plane.
6. A process.for producing an optically
anisotropic film set forth in Cléim 1, 2 or 3, which
comprises forming a film of a linear-chain or cyclic
liquid crystal oligomér composed of the recurring units
(I) and (II), heat-treating said film so that the
optical axis of the film is aligned substantially
parallel to the normal line of the film, and then
polymerizing the terminal group of the recurring unit
(II).
7. . A process for producing an optically.
anisotropic film set forth in Claim 1, 2 or 4, which
| comprises forming a film of a linear-chain or cyclic
liquid crystal oligomer composed of the recurring units
(I) and (II) on substrate subjected to an alignment
treatment, heat-treating said film so that the optical
axis of the film is alignéd 10°-80°, in terms of.angle
of elevation, from the film plane and then polymerizing
the end group éf recurring unit (II).
8. A process for producing an optically
anisotropic film set forth in Claim 5, which comprises
forming a film of a linear-chain or cyclic liquid
crystal polymer composed of the recurring units (IX) on
an oriented substrate, and heat-tréating said film so

that the liquid crystal polymer is oriented 10°-80°, in



fornmul a

in the fornula (II) s the fornu
and R er rgp;3Le [ﬁn ependently ‘hydrogen, a - (err] alkyl gro V\L “Imm"”“l
V) an Airstire

group, . and edforrrula (1) is the fornmula (

formul a ( Ia (1V), Rerr] and Rerr]- are :|ndependently
hydrogen yI group; k and ﬁ04 are independently an integer of
2 to 10; nrand n1 are I ndependently 0 or 1 Ar[err], Arf[err], Ar[err] and

Ar[err] are iq%gﬁﬁy- c%?% g lofadeiyh ENErGhOHRe 2iim4 qgg@phexane
group, a pyridine- 53% d?%ueﬂ%r ﬂ%§r|§¥d|ne-e2,l 3l$ group; L and

L' are indepengently C}fﬁrﬁioééss £o£Hh ﬁﬁﬁﬁcxn?ciﬁ}optﬁﬁﬁﬂl
-CHerr]-CHerr]-, -CH=N N=CH or a divalent group represented by the

formula (V): a{ﬁédtmplc £i BfidaPcoBd End nEepeDdent Fyo @, WhelRdim haleogen,
a cyano group, a (err] alkyl group or a (Jerr] al koxy group; and R is
hydrogen or a dfmsrifaeidy! tgeotpent Woerehe shbstrhee comperisest dbldque
recurring units (1) and (lI1) in one nolecule of said oligoner are supposed
to be n and n'evapesperonvef yanninotgahiarmacachadn integer of 1 to 20 and
satisfy the relation of ‘4 [err] n + n'" [err] 21, and further
- 100 - charargerized iA liminate o€rannapticalpyodnisetropic £film
and a hydrophilic substrate, wﬁich comprises an
optically anisotropic film set forth in Claim 1, 2 or 3
and a transparent or semitransparent substrate which is
hydrophilic at the surface.
11. A laminate of an optically anisotropic film
and a hydrophilic substrate according to Claim 10,
wherein the substrate is a glass plaﬁe, a hydrophilic
polymer film, or a lamiAated film consisting of a hydro-
philic polymer and a transparent or semitransparent
polymer film. |
12. A process for producing a composite retarda-
tion film, which comprises forming a film of a linear-
chain or cyclic liquid crystal polymer composed of the
~recurring units (IX) and showing nematic or smectic
phase on a uniaxially oriented retardation film haviﬁg
the optical axis in the film plane, said film also
having positive anisotropy of refracti&e index and made
of a thermoplastic polymer, and heat-tréating.said film
at a temperature abqve tﬁe liquid crystal
phaée/isotropic phase transition temperature of said
liquid crystal polymer.

13. A process for producing a composite



recurrlng unit (I1) is polynerlzed and that the opt cal
Is aligned in the direction of an angle sel ected from bet NH’ !Fm"”"””"’
80[err] against the normal  line of the film 2. : An @
ani sotropic filn1according to daim1, wherein the f|In1conpr|ses a
polymerized liquid crystal oligoner aadjgs Qw nol ecul ar wei ght conpound,
sai d | ow nol ecul ar wei ght conpound being at | east one conpound sel ected
fromthe groupexdrdstidw ﬁlﬂh&hWiﬁstme&aﬁiwl pf &vVlil) and
(MII1): [err] wherein Ar[err] and Ar[err] are independently a
1, 4- phenyl ene 1ligteam-claa in Jox yeyahiex aieywid Wryst pY r pdlyme?, Sonppksedgr oup
or a pyrimdine-2,5-diyl group; R4 is halogen, a cyano group, a
met hacryl oyl g:rﬁ)u{:he arequryimgllurgxmup( IXp Lhdrshowihgl ngmatpcorra err]

- OCO-,

al koxy group; L is -CHerr]- -OCHerr]-, -COO,
- CH[ err] - CH| ersijeGgticipiase - qm:@ntsu@stname pﬂn@mym@n% glasp traasdtiahent
group represented by the fornmula (V); or 1; and R3.is a C3 30 al kyl

group or ( ert§mperatyrgrbigher [Ean the ll%m&¢e¢ﬁY$§éerhaﬁ§/R[err] are

' ndependent 1y Igg¥£§§TE Shgigrégaﬁgrglon temperature of said liquid
crystal polymer, heat-treating said film at a temper-
ature above the liquid crystal phase/isotropic phase
transition temperature of said liquid crystal polymer,
and laminating said substrate having a film of said
liquid crystal_polymer formed thereon and a uniaxially
oriented retardation f£ilm having the optical axis in the
film plane, said film aléo having positive anisotropy of
refractive index and made of a thermoplastic polymer.
14. A process for producing a composite 4
retardation film according to Claim 13, wherein the
substrate is a polarizing f£ilm.
15. A laminate of an optically anisotropic film
and a substrate according to Claim 10, wherein.the
substrate is a retardation film having the optical axis
in the film plane, also having positive anisotropy of
refractive index and made of a thermoplastic polymer,

and the refractive index of the laminate is defined by

the following formula: ;
'This Sheet Has Been Replaced

wenen (MDD lll i

wherein n, and n, are the maximum value and the minimum




—_—m—

- 101 - group or C[err] alkoxy group, and m and [err] are [ MH
0 or 1; - CHerr] = C(Rerr])-COOR err] ” m”m“",mw'mm
(viin) mherern Rlerr] is hydrogen or a nethyl group; and Rlerf] usma s
Cerr] hydrocarbon group; the conposition of said.filmbeing 100 parts by
weight of said liquid crystal oligomer, gy Q. 1-40 parts by weight of said

| ow- nol ecul ar wei ght conpound. 3. n optically anisotropic film

according to «dnid) lr&pect EIE] ot h&@piﬁc?iaﬁél gebkasaiidef ihieixS of
al i gned substantially paraIIeI to the normal Tine of the filmplane. 4.

An optically ajieoldamimated | |andacoid refiractdvd Mridex o wherein the
optical axis of said filmis inclined 10- 80, in ternms of angle of

el evati on, fr(ﬂnidkﬁeééldnfééumbn &f the lamdn&pki.cally ani sotropic film
conprising a side chain type liquid crystal polynmer having positive
ani sotropy of I&fracti veAicuoepositk stevandationt ptate cempeisdnghaas, said
liquid crystal polynmer being a linear-chain or cyclic liquid crystal
pol yner conposkuningtidms f od |wwiakiakkyrorbgnuedt setaxyatiopefilm
having the optical axis in the film plane, also having
positive anisotropy of refractive index and made of a
thermoplastic polymer, and a laminate of an optically
anisotropic film and a hydrophilic substrate set forth
in Claim 10 or 11, characterized in that the refractive
index of said composite retardation plate is defined by

the following formula:
n >, > n, (1)

wherein n, and n, are the maximum value and the minimum
value, respectively, of the in-plane refractive index of
the composite retardation f£ilm, and n, is refractive
index in the thickness direction of said film.

-17. A laminaté of an oriented liquid crystal
polymer film and a substrate, comprising an optically
anisotropic film set forth in Claim 4 or 5 and a
transparent or semitransparent oriented substrate.

18. A laminate of an optically anisotropic film
and a substrate according to Claim 17, wherein the
substrate is a uniaxially oriented retardation film
having a optical axis in the film plane, also having

positive anisotropy of refractive index and made of a



- 102 - wherein Ais a group represented by the follow hg, formula (X —or—
(X1y: [err] - ' .'Wnereinintheforrml-a(X),'-H"IM '
chain of the recurring unit (IX) and, in the formula (XI);% m’”’ﬁ'ﬂ"’ |
mai n chain of the recurring unit (1X) and the COO group is po%itﬁodbdsin*

t he side chain which is not R[err];_mhef ¢hin the formula (1X) is the
formula (X), Rerr] is hydrogen, a Cer ? alkyl group or a phenyl group,

and when A in.the faqrmul. 52 3. the formula (XI), Rerr] is hydrogen
or a CJerr] a?ﬁ?Fmﬁpgﬁg%l%:&é ne%ﬁteger of 2to 10; mis 0 or 1; pis O

or 1; Ar[err],gnd Ar[err | LY i
1, 4-cycl ohgxarllg'gr oup, zfl Cﬁ/ﬂﬁdﬁ%?%%%ﬁﬁlgﬁo%&%ﬁ%ﬁ%ngrq;'gphzs g-’ di yl
group; L is Chgﬂ[i‘ira“di‘ogs, -y vedentedOP@tarddint X err] -,

-CH=N-, -N= or a divalent group répresented by the formula -N= N

and R is hydrggeqnghalieyeipticaly axd sJrilthed £ilm plane, also having
positive anisotropy of refractive index and made of a
thermoplastic polymer, and a laminate oﬁ an optically .
anisotropic film and a substrate set forth in Clﬁim 17.
20. A composite retardation film having a
polarizing film bonded thereto, characterized in that a
polarizing film and a laminate of an optically |
anisotropic film set forth in any one of Claims 1 to 5
or an optically anisotropic film set forth in Claim 10,
‘15, 16, 17 or 18 and a hydrophilic substrate, or a
composite retardation plate set forth in Claim 16 or 19,
are bonded to each other with a binder or adhesive.
21. A liquid crystal display device characterized
in that at least one of an optically anisotropic film
set forth in any one of Claims 1 to 5, a laminate of an
optically anisotropic film and a substrate set fprth‘in
Claim 10, 15, 16, 17 or 18, and a composite retardation
plate set forth in Claim 16 or 19, is provided between a
liquid crystal cell and a polarizing film disposed
outside thereof, said liquid crystal cell comprising a
ligquid crystal layer held by the substrates having the
electrodes, said layer héving positive diélectric
anisotropy and twistedly oriented 90° to 270° with the
helical axis aligned vertically to the substrate, when

no voltage is applied, or a composite retardation film

- -



[err] Cerr] alkyl group or a (Jerr] alkoxy group, . char :
- 103 - that the nunmber of the recurri ng units is 4- 10, %“E m“mlemm :
per one nol ecul e of the polynmer, and that the optical sl ntis -
inclined 10-80, in terns of angle of elevati on, fron1the filmplane. -

A process for producing an optically anisotropic filmset forth in Clalm

1, 2 or 3, which conprises formng a fil¥®&f-a |inear-chain or cycllc -
eat -1 oal | ng $8F 4T S CimiR | A0 ROBHIGa BRISTHFLPAe SLEROdEd hhed
pol ymor i 21 ng’ (HISTERFy 1l CHTROReS SR restBchemRtd BREPERL FRIT 7
5 or 4. whi ch Thompr | sech T o R SYPEREcRLaBErfeYE %.e%hg%ra?*%ﬂzgﬁal S‘U.ld
CpLe o ﬁ%ﬁe@%rea PECOE BhoBplSkiTy bhusailacld angytstare
CPACE)on™ S b 55 Lh B SR L) B b8 Sl 0 e sy
recurrlng un'tféfﬁﬂ'Ln Claim 10, 15, 17 or 18 is provided between a
homogeneously aligned liquid crystal cell and a
polarizing film disposed outside thereof, said homo-
geneously aligned liquid crystal cell being held by the
substrates having electrodes, said cell also having
positive &ielectric anisotropy and having the major
molecular axis aligned substantially parallel to the
substrate.when no voltage is applied.
23. A laminate comprising a polymer substrate and
an aligned polymerized liquid crystal oligomer-£film set
forth in Claim 1 said polymer substrate being obtained
by subjecting a surface of transparent or semi-
transparent polymex substrate to hard coat treatment.
24. A laminate set forth in Claim 23, wherein the
substrate is a uniaxially oriented retardation film
having an optical axis in a film plane, having positive
anisotropy of refractive index, and made of a thermo-
plastic polymer, and said laminate having a refractive

index satisfying the following formula (1):
n, > 1, >, | (1)

I3

wherein n, and n, are the maximum value and the minimum



8. A process for producing an optically an|sotropke—LFLaneL_LgLLh___
in Caimb5, which conprises formng a filmof a I|near-ch [

liquid crystal polyner conposed of the recurring units (I

oriented substrate, and heat - treating said filmso that the lkquL
polynmer is oriented 10-80, in 109 _ 104-
terms of angle of elevation, fromthe fllnlplane 9. A process for

producing an opiige| |ﬁ’es§’é&@9¢é9ﬁ' Cof'{:ﬁéafﬁ%ﬂhﬂg tarchekivé Qnddx Wrerein
the orientation treatnent of the substrate conpri ses oblique evaporation

of an inorganigheui@fiimdte; 1dnd n, isA dmifedracdive Dipdexalhythai sotropic
film and a hydrophilic substrate, whi ch conprises an optically

ani sotropi c fithicktesordirectidni of 1thd Dam3nated a transparent or

sem transparent substrate which is hydrophilic at the surface. 11. A
| am nate of an2®pti cal | ya acwmpds bpe crétandaabdnaphatdeopbmprd simgsta at e
according to Claim10, wherein the substrate is a glass plate,-a
hydrophilic poiiaeiailynorbentedanehardatiochmfddmshawving an apticad-
philic polymer and a transparent or semitransparent polyner film 12.

A process for axbslutnny filmnpbanee hevangaposttanefanmﬁowmp@W'@dhprlses

forming a filmof a |inear-
refractive index and made of a thermoplastic polymer,
and a laminate set forth in Claim 23 compriéing an
aligned polymerized liquid crystal o;igomer film and a
substrate, and said composite retardation plate having a

refractive index satisfying the following formula (1):
ny >n, >n, (1)

wherein n, and n, are- the maximum value and the minimum
value, respectively, of the in-plane refractive index of
the composite retardation plate; and n, is the refrac-
tive index in the thickness direction of the composite
retardation plate. |

26. A liquid crystaL display device comprising a
liquid crystal cell comprising a nematic liquid crystal
layer held between a pair of substrates provided with
electrédes, said liquid crystal layer having positive
anisotropy of refractive index and oriented substan-
tially horizontally with a helical axis alighed to the
substrates when no electrical voltage is applied, a pair
of polarizing films being provided outside the electrode

substrates, and at least one member selected from the



chain or cyclic liquid-crystal pokynef-éonposed of t | as

clained in daimb5 recurring units (IX)/and show ng ne.r,'mt’ ﬁ" meciic
i

phase on a uniaxially oriented retardation film having| iﬂﬁﬂ?jﬁm in

the filmplane, said filmalso having positive anisot
I ndex and made of a thernoplastic polyner and heat-treating said fil'm at

a tenperaturefabove t he I|qU|d crystal‘ b gSE/ISOtrOpIC phase transition
tenperature of said |i cry | .po s$ for
produci ng a cSEBBE|F8nS stlng o%t?a) amlnate comprlgiﬁgﬁgﬁ f%?ﬁ%tlon
- film which co rlses faorni.ng .a f e Y, I d
Lyt al ool raPlypREd aell Todhid 'dolyBedl Sdddl ﬁhﬁg%r?&m% g&ﬁ%:ﬁggf) o

: therecurr|ng [ rﬂmt @se on a
substrat e havi %3' ggé:l(tgesqs”{rans%{]?gnr&i errp’eréa ure |gher %an the liquid

crystal phase Eﬁ‘atart‘l@rf: PR ded r]%;ﬁtﬂ.prh{ @mn@tg%@{néaﬂ,gaéégwd

crystal polyner at tre at a tenper- ature above the

l'iquid crystal,ghhass/ 't‘-mé (DR e JUES Subdisidd Ghd e&mrpéwﬁl@in§al dliquid
crystal polyner, and |lamnating said substrate having a film of said

l'iquid crystalsjnalsy,edgid®id,diier eon and a uniaxially oriented
retardation f|In1haV|ng the optical axis in the filmplane, said filmalso

ha?/l ng positipg.ani sotrgpyliduid efryesidV elisplay adevivalesot fottikrimpl astic

POV Claim 26, wherein at least one member selected from the
group consisting of (a) a laminate comprising an aligned
polymerized liquid crystal oligomer film and a substrate
set forth in Claim 24 and (b) a composite retardation |
plate set forth in Claim 25 is used, and the aligned
polymerized liquid crystal oligomer film being placed
between (A) a uniaxially oriented retardation £f£ilm
constituting the laminate or the composite retardation
plate and having positive anisotropy of refractive
index, and (B) a polarizing film.
28. A liquid crystal display device compising

a pair of transparent substrates having
electrodes  thereon and sandwitching a liquid crystal
cell tbntaining a nematic liquid crystal laygr having
positive dielectric anisotropy and oriented substan-
tially horizontally with a helical axis torsionally
aligned vertically to the substrate when no voltage: is
applied, -
a pair of polarizing films positiohed outside

a pair of the transparent electrodes, and

at least one uniaxially aligned retardation



14 . A process for produci ng a conp05|te 'retardation filniaccording :
'to Caim13, wherein the substrate is a polarizing film

| aminate of an optically anisotropic film and a subst ﬂllulﬂg ﬂw,m!"’nli
Claim 10, wherein the substrate is a retardation film I
axis in the filmplane, also having positive anisotropy of Ffeftactive

i ndex and nade of a thernoplastic polyneriiiand the refractive i ndex of the
|lam nate is defined by the follow ng formul a:

n[err]<n[err] <ffidmr having positive anisotropy of (égractmh@ramden[emd] and
nferr] are the maxi num val ue and the m ni num

- 106 - val uemades Seom velbhemgioplas tie m@mmmtm&qlidléﬁtoeenthbe

| am nate, and n[err] is refractive index in the thickness direction of the
| ani nate. 16, liquid gryghadsiasd r @éngr @t il@esh ane fprheipelanizing

| am nations, a uniaxially oriented retardation film having the opti cal
axis in the filﬁiﬂsanénéélso havi ng positive anisotropy of refractive

i ndex and nade of a therno astic qg WLPate of an optically
ani sotropic filmand a hf ﬁq(P X%ﬁe? e&P?%ﬁq Yi3EFQEReRECOr 11,
_characterized in,that

film set|¥%r fraCtlalm l, 2 or 5 being present
between the liquid crystal cell and at least one of the
polarizing films.
29. A liquid crystal display device comprising

a pair of transparenﬁ substrates having
electrodes thereon and sandwitching a liquid crystal
cell containing a nematic liquid crystal layer having
positive dielectric anisotropy and homogeneously
oriented in the almost horizontal direction when no
voltage is applied, and

a pair of polarizing films positioned outside
a pair of the transparent electrodés, and

at least one layer of the optically
‘anisotropic film set forth in Claim 1, 2 or 5
being present between at least one of the polarizing

films and the liquid crystal cell.



W

i ndex" of said conposite retardation plate is defined by the follow ng
foenul & & 2> nferr] > n[err] > n[err]

(D) wherein n[err] and n[err] are the maxi mrum val ue and the m ni num

val ue, respectively, of thé in-plane refractive index of the conposite
retardation film and n[err] is refractive index in the thickness
direction of said film 17. . A llagfihate of an oriented liquid crysta
‘pol ynmer filmand a substrate, conpriging.an optically anisotropic film set
forth in Claim4 or 5 and a transpgrent\Qr skm transparent oriented
Substrate. 18. A lam nate of an optically anisotropic film and a
substrate according_to Caim1l7, wherein the substrate is a uniaxially -

oriented retardati oROF1l m havi ng a optical axis in the filmpl ane, gal so
having positive anisotiropy of refractive index and nmade of a
- 107 - thernopl astic |pol ynmer. 19. A conposite retardatjp6on plate

conprising, as: | anP@aTli ons, a uni axi ally oriented retardatio
the optical axis in thg filmplane, also having positive arg
refractive index and ngde of a thernoplastic polyner, an
optically 0=

film having
sotropy of
a |l am nate of an
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anlsotroplcfllmandasubstrate set forth in Caim117. 20. A
coppositeexetardation filmhaving a polarizing filmbonded thereto,
characterized in'that a polarizing filmand a |ani nate of an optically

ani sotropic filmset forth-in any one of Clains 1 to 5 or an optically

ani sotropic filmset forth in daim1l 15, 16, 17 or 18 and a hydrophilic

substrate, or a conposite retardati % 3ate et forth in Cdaim116 or 19,
are bonded to each other with a bin sive. 21. A liquid

crystal display device characterized in th t at | east one of an

anlsotroplc film ggt.lforth in any one of Cllains 1 to 5, a lam
‘optically ani sotroplc filmand a substrate get forth in d ai

17 or 18, and g conpogite retardation plate set forth in d m 16 or 19,
is provided betregy@- |iquid crystal cell and a polarizing filmdisposed
outside thereol. said|liquid crystal cell copprising a liggid crystal
| ayer held by the substrates having the elefgtrodes, said lfayer having
positive diel egriz:soani sotropy and twistedlly oriented 90[frr] to 270[err]
with the heli&dl axis| aligned vertically tojthe substrat®, when no
voltage is applzzed, orja c retardatipn film
-108- set forfh i20@Hai m imrg a polariking fil mbpnded s .
di sposed on sai? liquigd cr@@:ﬁ . | — T}(&é’:‘fiﬁﬁaw
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22. A liquid crystal display device characterized in that at |east .
one of~aﬁ/opt|cally ani sotropic film set forth in any one of Claims 1 to 5
and a lam nate set forth in Caim10, 15, 17 or 18 is provided between a
honogeneously aligned liquird crystal cell and a polarizing filmdi sposed
.outsi de thereof, said hono- geneouslgdaglgned liquid crystal cell being
hel d by the substrates having electr said cell also having positive

“dielectric anisotropy and having the major nolecular axis aligned
substantially parallel to the substrate when no voltage is applied. 23.

A |l am nate conprising a polynmer substrate and an aligned polynerized

| i quid crystg filmset forth in 88°n 1 said polynmer substrate
bei ng obt ai ned su jecting a surface~of trpB6parenqt or sem -
t ransparent polyrrer substrate to ha coat treatnment. »R4. A |l am nate

set forth in Caim23, whereint bs;.r.at-e

ts-a-tmyaxd.ally oriented

pol ymer, and

said lam nate having a refrackjive i \ ng formul a
(1): nferr] > nferY "~ (1)
wherein n[err] and n[err] arfe the
270° S0°
eenmeenCR= |
—-—=:CR=5
——==:CR=10
0° —CR=I5
FIG 6
270° 90
eseeeee :CR=1
:CR=5
-——=:CR=10
-——-ﬂCR=E5

OO



¥109- val ue, respectively, of the in-plane refractlve ndex of t he

| am nat.e; .and n[err] is the refractive index in the thqﬁgm@mshaﬁ mcd
the |l am nate. 25. A conposite retardation plate co

uni axially oriented retardation f|In1haV|ng an opti cat E“ﬁl

pl ane, having positive anisotropy of ‘refractive index and e of a

t hernopl astic polymer, apd a laninate set forth in Caim23 conprising an
al i gned pol yneri zed I|qU|ﬂ crystal ol pgsmracfi | mand a substrate, and said -
conposite retardation plate having a refractive index satisfying the

: fdlowrm formula (1): : nferr] > n[err] > n[err]

(1) © wherein n[ferr] and n[err] are- the maxi num val ue and the m ni num

val ue, respectivelgyproiaife AﬁIBb@ﬁ@P&@fﬁﬁghhkﬁL'nﬂﬁ 5%%5 Eﬁﬁ%COHDOS'te

retardation pl at e; and nferr] is the refrac- tive i-ndex i e thickness

direction of the conpﬁguﬁgxngetgrdguooagghgbgmxoﬂ6pLATE anpy [iquid crystal
di spl ay device conprising a liquid crystal cell conprising a nematic

“liquid crystal | aygrguan drESTan DISPLAY afEwIdS tustes smeri ded with
el ectrodes, said liquid crystal |ayer having positive anisotropy of

refractive index and oriented substan- tially horizontally with a helical
axis alighed to the ?PsﬁéEﬁ&saﬂh8@tﬁ&a§h9chhk%éhr&@h&aﬁﬁlhﬁhéﬁﬁhbed a

pair of polarizing fi bei hg provi ded oUutside the el ectrode
the optical axis substantially parallel to the normal

- line of the film and comprising a polymer of a liquid
crystal oligomer having positive anisotropy of
refractive index and showing nemaiic or sméctic phase,
or by lamining the optically.anisotropic film and a
transparent or semitransparent poiymer.film, or by
combining the optically anisotrépic film with a
uniaxially oriented retardation film, it is possible to
obtain a composite retardation plate with a iarge

viewing angle, and this retardation plate can be applied

to a liquid crystal display device.



substrates, and at |east one nenber selected fromthe _
- 110 - " group consisting of (a) a:laninate conprising an aligned

pol ymerized:liquid crystal oligoner filmand a substrate set_forth in

O aim23 or 24, and (b) a conposite retardati Substitite sheet-23 May, 1898 m
25 being ol aced between the el:ectrode substrates and the pol ariziag: i
fi-l ms, respectively. 27. A liquid crystal displ \ﬂg«gﬁ\&ﬁéts i t
in Clai'm-26, wherein at | east one %ﬁ% ected fro [
consisting of (a) a |lamnate conpri si i gned polly
crystal oligonmer filmand a substrate set forth in daj
conposite retardation plate set forth in Claim25 is upey,

T 5o G AL S D, PRSI ) e
O i T Appthale 1 MEL A AR 1
devi ce comis 10 rxoptn, chfvRR pRhehERIREE pReL gk ot

nematic liquid crystal layer having positive dielectric anisotropy and

oriented substan- tiall hori zont al I, i.th a.helical. axis, tarsionall
_ )4 Xsing an optf%é%ly anisotropic ffimohavfng y

the optical axis substantially paréllel to the normal
line of the film and comprising a poljmer of a liquid
crystal oligomer having positive anisotropy of |
'  refractive index and showing nematic or smectic phase,
or by lamining the optically.anisotropic £ilm and a
" transparent or semitransparent poiymer film, or by
combining the optically anisotropic film with a
uniaxially oriented retardation film, it is possible to
obtain a composite.rgtarda;ion plate with a'iarge
viewing angle, and this retardatibn plate can be applie&

to a liquid crystal display device.

. {Figure 1)



aligned vert{ga rate when no voltage is applied,
alpaiF Sf po BEPEK mE[Tﬁ%ﬁggﬁitLoned out si de a pair of the transparent
- el gctrodes, - an at| | east one uniaxially, aligped retarda
- 111 - fil{n hagiMaARPIY97A Ve jani sotropy of refPuRsttiEe Sheek- iﬁdAPHL(!IgB?r om
[
t

a thernoplasfif polynmer posiftijoned between the Iliquid crystal cell and at
| east one of |t hepotartzing— fjil s, amd1l04 - at | east one |ayer of

optically anfsotropic filmsegt forth in Claim 2.0t _5 heing present

ggt ween thel,lﬁi%&'ﬂisd‘%cﬂ- P e @; |2 1BTR H4ON £ 25FOBN ‘Bfff'lilg‘ P56 zing fil ms.
. A liquid crystal display.device.conprisin : ~a pair of

*transp?rentl?ubstratesﬁuREQﬁégiﬂ% r ?F?ﬂg?e%% ah lggﬁiﬁtching aliquid

~crystal cell containin ' j ouid c | 71 ayelg hay i idive

dielectric aﬁ%&tﬁtﬁpla%f%%ﬁor%ée%%ﬁ%%% g%r{:)e{%%lgd-’i ﬁy:t Ee’ g)!ﬂrﬁ%uﬂgcrﬂlézont al

direction Men&%%&lﬁ%éégg&éw | &6, tRB0substrate coﬁp&%‘ée@fomgflfé zing

films positigﬁ -a palr of the transparent el ecCtrodes, an

‘at |east one JayerOf; dD& AR CAld¥ganic material.

10. A.laminate of an optically anisotropic film

—r —

and a hydrophilic substrate, wﬁich comprises an
optically anisotropic film set forth in Claim 1, 2 or 3
and a transparent or semitransparent substrate which is
hydrophilic at the surface.
11. A laminate of an optically anisotropic film
and a hydrophilic substrate according to Claim 16,
wherein the substrate is a glass plate, a hydrophilic
polymer film, or a lamiﬁated film consisting of a hydro-
philic polymer and a transparent or semitransparent
polymer f£ilm. |
12. A process for producing a composite retarda-
tion film, which comprises forming a film of a linear-
chain or cyclic liquid crystal polymer composed of the
] _/ as claimed in Claim 5 ] o
‘recurring unifs (IX)/and showing nematic or smectic
phase on a uniaxially oriented retardation fiim having
the optical axis in the film plane, said film also
having positive anisotropy of refracti#e index and made
of a thermoplastic polymer, and heat-treating said £ilm
at a temperature above tﬁe liquid crystai
phase/isotropic phase transition temperature of said
liquid crystal polymer. |

13. A process for producing a composite

po* € L O MoS  x
|
L4 -




anlsotroplc-'

Ieast one of RWWEM ﬂ%

Set forth in Taim1l1, 2 or 5 being present between at
Jilms and the liquid crystal cel

B e D
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- 105 -
retardat;;n flim, whxch comprises forming a film of a
linear-chain or cyclic liquid crystal polymer composed

/ as claimed in Claim 5
of thé recurring units TIX)[gnd showing nematic or

smectic phase on a substrate having a glass transition
temperature higher than the liquid crystal phase/
isotropic phase transition temperature of said liquid
crystal polymer, heat-treating said film at a temper-

ature above the liquid crystal phase/isotropic phase

 transition temperature of said ligquid crystal polymer,

and laminating said substrate having a film of said
liquid crystal polymer formed thereon and a uniaxially
oriented retardation film having the optical axis in the
film plane, said film aléo having positive anisotropy of
refractive index and ma&e of a thermoplastic polymer.
14. A process for prodgcing a composite
retardation film according to Claim 13, wherein the
substrate is a polarizing film.

15. A laminate of an optically anisotropic film
and a substrate according to Claim 10, wherein the
substrate is a retardation film having the optical axis
in the film plane, also having positive anisotropy of
refractive index and made of a thermoplastic polymer,
and the refractive index of the laminate is defined by

the following formula:

n, <n, <n, R (1)

‘wherein n, and n, are the maximum value and the minimum

I



