% The present invention relates to an optically

X

crystggﬁgiigé

.

L I ' .
'anisotgbéic‘giim made of an oriented polymerized liquid

er (or thié can be said-hereinafﬁer
"liquid crystal oligomer poiymer") or a compcsition
thereof useful as a material of retardation film.used
for liquid crystal display elements, ' a process
fof pfoduping such a film; a laminate of an optically
anisotropic film and a base; a composite retardation

film consisting Qf_said laminate and a uniaxially

oriented retardation film, and a liquid crystal display

device using ﬁhem.

The retardation film is a.polymeriC'iilm;
having 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 black and white display quality. These disadvan-

" tages have been'significantly alleviated by introduction

of new techniques such as two-layer-laminatioh of the
. . o \ L
retardation films. However, as regards the viewing
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angie, no saﬁisfactory improvemen; has been made, and
also no established industrial method is yet available
for con;roll;ng the viewing angle in certain specific
directions. ‘ |
' The viewing angle characteristics of liquid
.crystal display elements are closely associated not only
with angle dependency of birefringence of liquid crystal
cell for‘display but also with angle dependency of
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 -
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using a f£ilm having the optical axis in the direction
normal to the £ilm plane and a retardation film ha?ing a
positive birefringence, it is possible to reduce the
angular change of retardation and to.obtain a retarda-
tion film improved in viewing angle characteristicé.

For making a film having the optical axis in the
direction normal to the 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 greater 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
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obtained by combining said film with a retardation film

. obtained by stretching a polymeric material.

Polyvinyl alcohol, which is a polymer having

hydroxyl groups in the side chain, is used for producing

the homdgeneous alignment reageﬁt'fcr liquid crystal

molecules in liquid crystal display devices, and it is
known that thé liquid crystal molecules on the film can
be oriented homogenedusly by rubbing the surface 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.

For 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-
tign 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
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with a cloth or other means to orient the liquid crystal
| molecules; method in which an inorganic material such as
$i0,, SiO, MgO or MgF, is deposited on a substrate by
'ob;ique evaporation to form a homogeneous alignment
film; and method using a stretched polymer film
(Foundation and Application of Liquid Crystal, 1991, pp.
97-lb0, Kogyo Chosakai). There are also known methods
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.
However, 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 conventional production methods; photopolymerization

of monomeric liquid crystal should be carried out during
'applying an external acting field such as an electric or

magnetic field, 6r the liquid crystal layér should be
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held between two hydfophobic substrates and then
separated from, while maintaining orientation of the
liquid crystal monomer with large relaxation of orienta-
tion for keeping the optical axis normal to the film
plane. Thus, in case of using polymer liquid crystal,
the method of orientation was complicate, and in case of
uging low polymer liquid crystal, fixing of orientation
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,



fz:

s

#

(3

-7 -
and a liquid crystal display_device having excellent
viewing angle characteristics realized by using said
elements.

More specifically, the present invention
providés an optically anisotropic film comprising a
ﬁolymer of a liquid crystal oligomer 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,; Jy——(O)y—Ax—(L);—Ar,—R. (1)

Ry—A——(CH;)—(0)pm—Ar;—(L’ ) /— Ar,~—OCO—CR’ =CH,

(1)

(wherein A is a group représented_by the following

formula (III) oxr (IV):

—éi— (III) —C—CO00— (IV)

|
0 CH,
I
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wherein, in the formula (III), -Si-O- is ‘the main chain
of the recurring unit (I) or (II) and, in the formula
(IV), -C-CH,~- is the maih chain of the recurring unit
(I) or {(II) and the COO group is positioned at the side
Tchain 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 hydrogén 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 or a Ci_; alkyl group), wherein
when the numbers of the recurring units (I) anri (ITI) in
one molécule of said oligomer are supposed to be n and
n’, reﬁpectively, n and n’ are independently an integer

of 1 to _20, and 4 £ n + n’ £ 21, and further .character-'
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ized in that the éid group of the recurting uniﬁ (IT) is
polymeriied, and that the optical axis of said film is
aligned generally in the direction of an angle selected
from between 0 and 80° against the normal line of the
film.

There are also provided according to this
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 of
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)s—Ar—(L),~Ar,—R (IX)

~ {(wherein A is a group represented by the following
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formula (X) or (XI):

—%i— (X) —C—CO (XI)
o)
I

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
positioned 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 group,C),, 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.preseﬁt invention further provides the

procésses'for producing the above-described optically
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anisotropic films.

The present invention also provides a laminate
éomprising;an optically anisotropic film made from an
optically anisotropic substance such as mentioned above
and a hydrophilic substrate such as a transparent or
semitransparenﬁ substrate.

The 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 transition 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-
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ature, and laminating the substrate having a film of
said liquid crystal polymer formed thereon and a
uniaxially oiiented retardation film having the optical
axis in the film plane, said film also having positive
anisotropy of refractive index and made of a thermo-
plastic polymer.

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 thereto, characterized in that a polarizing
film and said optically anisotropic film or said lami-
nate of said optically anisotropic film and substrate or

said composite retardation plate are bonded to each
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other with a bindér or an adhesive.

The present invention additionally provides 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 layer having positive anisotropy of
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 transmitted light quantity

under crossed nicols in Example 15.
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Fig. 4 is é graph showing the relationship

between inclination angle and transmitted light quantity

under crossed nicols in Example 17.

'Fig. 5 is a drawing showing iso-contrast

curves in Example 21.

Fig. 6 is a drawing showing iso-contrast

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
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film such as described above and a uniaxially oriented
retardation film, it is possible to obtéin a liquid
crystal display element having a high black and white
display quality and excellent viewing angle character-
istics.' The present invention was attained on the basis
of these novel findings.

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)

Ry—A—(CHj )y »—(0)q—Ar;—(L’ ), —Ar,—0CO—CR’ =CH,

(11)

(wherein A is a group represented by the following

formula (III) or (IV):
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| .
?i—— (I11) —-clz-—coo— (IV)
CI) ' CH,

wheréin, in the formula (III), -Si-0O- is the main chain

of recurring unit of the formula (I) or (II) and, in the
formula (IV), -C-CH;- is the main ché.iq 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

independently 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 .independently hydrogen or a C alkyl

1-6
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
pyri_midine—z,s-diyl group; L and L’ represent indepen-

-N=CH- or a divalent group represented by the formula
-N = N- (V)

p and p’ are independently 0 or 1; R is halogen, 3 "CYano_
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group, C,.;0 alkyl group or C, alkoxy group; and R’ is
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 and 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
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(V); p is 0 or 1; and Ry is g, Cy_3g 2lkyl group or Ci_aq
alkoxy group)

N\ AR_)

(R

(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)

1-30
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 anisotrépic 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
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chain type liquid crystal polymer having positive
refractive index anisotropy and showing a nematic or
smectic phase, said liquid crystal polymer being a.
linear-chain or cyclic liguid crystal polymer composed

of the following recurring units (IX):

A~
Rl—i_(CHZ)k_fo)'n_Arl_('L)p—Arz—'R (IX)

(wherein A is a group represented by the following

formula (X) or (XI):

i— (%) —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-
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2,5-diyl group or pyrimidine-2,5-diyl group; L is
-CH,-0-, -0-CH;-, -COO-, -OCO-, -CH;-CH,~, CH=N-, -N=CH-

or a divalent group represented by the following

formula:

and R is hydrogen, halogen, 5 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
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(I) and (II) described in (1) on substrate subjected to

ah élignment treatment, 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 elevation, from
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
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polymer film and a transparent or semitransparent

- polymer £ilm.

(12) 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 nemafic 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 aﬁis 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.
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(15) A lamifidte of an optically arisotropic film
set forth in (10) and a substrate, said substrate being
a uniaxially oriented retardation film having the
optical axis in the film plane,“said film also having
positife fractive index anisotropy and made of a
thermoplastic polymer, wherein the fractive index of

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 _
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the composite ret&rdation plate, and n; is the
refractive index in the thickness direction of said
laminated composite retardation plate).

(17) A laminate of an oriented liquid crystal
polymer film and a substrate, said film comprising a
laminate of an optically anisotropic film set forth in
(4) or (5) and a transparenf 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
a2 uniaxially oriented retardation film having the
optical axis in the film plane, sa;d film also having
positive refractive index anisotropy énd 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 plané, 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
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(léf 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 of (1) to (5), a laminate of an
optically anisotropic film and a substrate 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
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voltage is applied.

(23) A laminate comprising a polymer substrate and
aﬁ-aligned polymerized liquid crystal oligomer film set
forth in above (1), said polymer substrate being
.obtained by subjecting a surface of transparent or semi-
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) comprisiﬁg an
aligned polymerized liquid crystal oligomer film and a
substrate, and said composite retardation plate having a

refractive index satisfying the following formula (1):
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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 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 ceil comprising a liquid crystal layer
‘held between a pair of substrates provided with
electrodes, said liquid crystal 1ayer.ﬁaving 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_fortﬁ in
above (26), wherein at ledst one member selected from

- the group consisting of ta)-a laminate comprising an’
alighed polymerized liquid ¢rystal 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
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- the aligned polﬁﬁérized liquid crystal oligomer film
being placed between (A) a uniaxially oriented
retardation film 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 comprising

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 oﬁ 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
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cell containing & hematic liquid crystéi layer having
positive dielectric anisotropy and homogeneously
oriented in the almost horizontal direction when no
voltage is applied, and
| la'pair of polarizing films positioned outside
a pair of the transparent electrodes, and

at least one layer of the optically
anisotropic film set forth in above (1), (2) or (3)
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 ctystal
poiymer composed of the recurring units (IX) used in the
presenf 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
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polyacrylic acid esters, the former being more
preferable. Among these side chain type liquid crystal
oligomers or polymers, those of the polysiloxane basis
are preferred. There is generally used one in which the
group closely related to liquid crystalline property
(which groﬁp may hereinafter_be referred to as mésogen
group) is bonded to the backbone through a 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 substrate 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
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units may cause relaxation of the orientation under
around room temperature. The numbers n and n’ of the
recurring units (I) and (II) are each an integer of 1 to
20, and they are selected so that n + n’ = 4 to 21. 1In
view of orientation characteristics and fixation of
orientation after polymerization, the n : n’ ratio is
preferably in the range from 1': 5to5 : 1, more
preferably 1 : 3 t6 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. iherefoge, 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
6f the preferred groups are: -(CH,;);, -(CH;);-, -(CHﬁ;-,

~(CHy)s=; =(CHy)e -(CH;)3-0~,-(CH;)~0-, =-(CH;)s~O- and
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-(CH;)4~0~.

It is desirable that oriented liquid ciystal
oligomer film of this invention has positive anisotropy
of refracfiye index, and for this reason, mesogen group
‘used in ﬁhis invention is preferably one which has
positive anisotropy of refractive index. The structures
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-
dehtly 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, Ar,, 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 anisotropy or orientation
performance of mesogen group, so that R is selected from
halogen, cyano group, C,;.;o alkyl group and Chm alkoxy
group, preferably cyano group, C,.,, alkyl group and C,_,,

alkoxy groﬁp, more preferably éyano group, for'obtaining
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a liquid crystal oligomer or liquid cryétal polymer £film
with strong anisotropy of refractive index.

The texrminal group of the recﬁrring unit (II)
is a group for fixing orientation of the liquid crystal
éligomer by polYmerization. Polymerizable groups usable
in this invention are those of the formula -0CO-CR’=CH,
(R* is hydrogen or C,.s alkyl group), which inclﬁde
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 recufring units (I) are shown in Tables

1-4 .



Table 1

_—_—,

—

—

Spacer
Ar,-(L),-Ar R -
l ’ 2 -(CHZ)j‘ ‘(CHz)[‘- -(Cllz)s- -(CH2)3-0- -(CHZ),,-O- -(CHZ)50-

-CN 1 2 3 4 5 6
" -OCH, 7 8 9 10 11 12

" -0C,Hs 13 14 15 16 17 18

. -CeHys 19 20 21 22 23 24

" -F 25 26 27 28 29 30
—@—coo—@— -CN 31 32 33 34 a5 36
" -OCH, 37 38 39, 40 41 42

" ' Z0C,H5 43 44 45 46 47 48

" -CgH, 49 50 51 52 53 54

" -F 55 56 57 58 59 60

—
e
Raaied

_7€-




Table

- Spacer
Ar,-(L) _-Ar R
12 - (CHy),- -(CHy) 4- - (CH,) 5- -(CHy)3-0- | =(CHy)4-0- | -(CH,)50-
—@-oco—@— -CN 61 62 63 64 65 66
-OCH, 67 68 69 70 71 72
"
-0C,Hs 73 74 75 76 77 78
' ~CeHys 79 80 81 82 83 84
]
-F 85 86 87 88 89 90
—@-cuu—@— ~CN 01 92 93 94 95 96
. -OCH,4 97 98 99 100 101 102
" -0C,Hs 103 104 105 106 107 108
" -C¢Hya 109 110 111 112 113 114
" -F 115 116 117 118 119 120

T T

—SE_




Table 3

: Spacef
Aty-(L)p-Ary R -(CHy)3- -(CHy) 4= - (CHy) 5- -(CHy)3-0- | -(CH;)4-0- | -(CH,)s0-
—@—NCH-@- -CN 121 122 123 124 125 126
" -0CH, 127 128- 129 130 131 132
" -0C,Hj; 133 134 135° 136 137 138
. -CgH}3 139 140 141 142 143 144
h . -F 145 146 147 148 149 150
“ —@—\y—ﬂ-@— -CN 151 152 153 154 155 156
0
" -OCH, 157 158 159 160 161 162
" -0C,Hs 163 164 165 166 167 168
" -Cgly3 169 170 171 172 173 174
" -F 175 176 177 178 179 180

-.92_

1 ¢




Table 4

_ Spacer
Arl-(L)P-Arz R .
_ - (CHy) 5- - (CHj) 4~ ~(CHp)s= | -(CHy)5-0-"| =(CHp,-0- | -(CH,)s0-
—@I}—@— -CN 181 182 183 184 185 186
" -0CH;3 187 188 189 190 191 192
- ~0C,Hs 193 194 195 196 197 198
. ~CeHys 199 200 201 202 203 204
. -F 205 206 207 208 209 210
'O-CHzCHr@ -CN 211 212 213 214 215 216
f " -OCH, 217 218 219 220’ 221 222
" -0C,Hs 223 224 225 226 227 228
" ~CeHys 229 230 231 232 233 234
" -F 235 236 237 238 239 240

_LE_




- 38 -

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
oiigomers composed of the recurring units (II) are shown

in Tables 5-7.



Table

: Spacer
Arg—(L. )P.—Ar4 R'
: : - (CHy)3- - =(CHp) 4 -(CH,)5- -(CH,),-0- -(CH,)4-0- -(CH,)5-0-
H 241 242 243 244 245 246
" CH, 247 248 249 250 251 252
—@—coo—@— H 253 254 255 256 257 258
" CH, 259 260 261 262 263 264

|

_'.GE_




Table 6

Spacer

Ary«—(L') —Ar R!
* P ‘ -(CH2)3- '(Cﬂz)r -(CHz)s' '(CHZ)S'O' '(CHZ)A"O" '(CH1)5-°'
—@- oco—@~ H 265 266 267 268 269 270
. CH, 271 272 273 274 275 276
CHN—@— H 277 278 279 280 281 282 ﬁ
. CH, 283 285 285 286 287 288
—@— NCH—@— H 289 290 291 292 293 294
" CH, 295 296 297 298 299 300

-ov_




Table 7

- [ om0

Spacer
Ara—(l‘. )p-—Ar,, R!
- (CHy)5- -(CHy) 4- -(CH,)5- - (CHy)3-0- | =~(CHy)4-O- - (CH;)5-0-

H 301 302 303 304 305 306

" CH,4 307 308 309 - 310 311 312
—@;}——@— B 313 314 315 316 317 318
" CH, 319 320 321 322 323 324
O—cu,cn,—@ H 325 326 327 . 328 329 330
" CH, 331 332 333 334 335 336

—Tv-

)

LR
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Among these polymerizable mesogen groups,
those of Nos. 247-252, 259-264, 271-276, 319-324 and
331-336 having methacrylate group are preferred, and
those of Nos. 259-264 are especially preferred. Of
these mesogen groups, those bonded to the linear-
chain or cyclic polysiloxane-based backbond are
preferred as they give good properties to the subject
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. nonpolymerizable mesogen groups
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" -and polymerizable mesogen groups, by adjusting the feed
rate of the reacting material relative fo said mesogen
groups in the reaction. Similarly, for those oligomers
in which the backbone is an acrylic acid ester or an
a-alkyl-acrylic acid ester, the ratio of the polymer-
izable mesogen groups to the nonpolymerizable mesogen
groups can be controlled by adjusting the monomer feed
rate when twoltypes Af 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
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direction of orientation, so that they are properly
selected case by case.

The method for making a film of a liquid

crystal oligomer, liquid crystal oligomer composition or

.liquid crystal polymer is also not specified in this

invention. For instahce, a method may be mentioned in
which a liquid crystal oligomer, liquid crystal oligomer
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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philic substrate and then the film is oriented.
Orientation can be accomplished by heat~treating said
film of liquid crystal oligomer or oligomer composition
at a temperature above the transition temperature from
the crystal phase or glass phase to the liquid crystal
phase (this transition temperature may hereinafter be
referred to as Tg) and below the transition temperature
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 méy
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-pélymerized liquid crystal
oligomer film, the film is oriented so that it will have
the optical axis substantially parallelito the normal

line of the film plane or in a specific direction and
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then the liquid crystal oligomer is polymerized.
Polymerization method is not defined, but since the
oligomer must be polymerized while maintaining
crientation; photqpélymerization, radiation polymer-
ization using y-rays, etc., or thermal polymerization is
preferably employed. A known poiymerization initiator
can 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 substrate 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
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vinyl alcohol is preferred in view of solubility and
easiness of homeotropic orientation.

Examples of the polymers containing™
carboxylate ions include polyacrylic acid, sodium
polyacrylate, polymethacrylic acid, sodium polyalginate,
sodium.salt of polycarboxymethyl cellulose and others.
Of these polymers, sodium polyalginate, 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 6f

hydrophobic substrate, the contact angle with water is
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85° or greater, preferably 90° or greater. Use of a.
hydrophilic substrate is preferred because of easy
- homeotropic alignment. The hydrophilic polymers usable
here include the above-ﬁentioned polymers having
hydroxyl groups, carboxylate ions or sulfonate ions.
The hydrophobic polymers usable for making said
substrate include fluorine polymers sﬁch as 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
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production process, such as deformation of the sub-
strate. The optimal temperature range for the heat
treatment can be properly selected by taking into
consideration transition temperature of the polymer
liquid crystal used and glass transition temperature of
the substrate used.

The alignment treatment of the substrate used
for orienting the mesogen groups in such a direction as
to let the film have the optical axis 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 f£ilm 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 uniformly. 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.
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The direction of inclination of the optical
axis of the liquid crystal polymer or ligquid crystal
oligomer film obtained by using said obligque evaporation
film relates to the direction of evaporation, so that it
is possible to set the optical axis in a desired direc-
tion in the film plane by fixing the direction of evapo-
ration. However, the tilt angle of the optical axis and
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,

Zno, MOO3, .WO;, TazO5, Sn02', CQOZ, LiNbO;, LiTaO;, zr02,

Big%, 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
elect:on—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
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viewpoint of productivity. Specifically, said evapora-
tion is usually carried out under a wvacuum of 1 x 1073 to
1 x 1077 Terr, preferably 5 x 10 to 5 x 10°® Terr.

The deposition rate of inorganic material is
also not critical in this invention, but it is to be
noted that a low deposition raté leads to poor produc-
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
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comprises making the substrate surface hydrophobic with
a surfactant such as lecithin or a silane or titanium:
coupling agent, but in the case of the liquid crystal
_polymer or liquid crystal oligomef of the present
invention, good homeotropic orientation can be obtained
by making the substrate surface hydrophilic after
obligue evaporation.

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, carboxylaﬁe
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 ozoﬁe 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
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employed for orienting the film in a specific direction,

and it is possible to change the film characteristics

such as orientation, viscosity and optimal heat
treatment temperature in the more favorable ranges by

 mixing a low-molecular weight compound capable of

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, hexyloxy,'octyloxy,
dodecyioxy, octadecyloxy, docosanoxy and eicbsyloxy.

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, hexyloxy, octyloxy, dodecyloxy and octadecyloxy.
The low-molecular weight compounds represented

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



the compounds of the following formula (XII):

. RJRL (XII)

Cyanobiphenyl-based compounds are especially preferred.
Typical examples of such compounds are 4-cyano-4’-
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 groupé 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-ethyibenzophenoné, 4-butylbenzophenone,
4-octylbgﬂ§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-
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pounds represented by_the formula (VIII), R; is hydrogen
'§r methyl group, and Rg is hydrocarbon group having 1-30
carbon atoms. The hydrocarbon groups represented by Ry
include methyl, ethyl, propyl, butyl, hexyl, octyl,
dédeéyl, octadecyl, docosyl and eicosyl.

Examples of the low-molecular weight compounds
represented by the formula (VIII) include methyl acryl-
ate, ethyl acrylate, butyl acrylate, octyl acfylate,
dodecyl acrylate, octadécyl acrylate, methyl meth-
acrylate, ethyl methacrylate, butyl acrylate, octyl
methacrylate, dodecyl hethacrylate and octadecyl 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 preférred for faciLitation of.film forming

process.
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The present invention is also embodied as a
substrate used for a laminate of an oriented optically
anisotropic film and a transparent or semitransparent
substrate on which alignment treatment has been carried
out. As the substrate of the homeotropically oriented
optically anisotropic film, there can be used the
above-mentioned glass plate and films of polymers having
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 grystal 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
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film acts as a homogeneous alignment film as mentioned
above, rubbing is undesirable for the hydrophilic
polymer layer as such treatment gives adverse effect to
alignment of the optical axis.

As the material of the transparent or semi-
transparent polymer film whose surface is coated with a
hydrophilic polymer or of the polymer film serving as a
substrate used for oblique evaporation in the present
invention, there can be used e.g, polycarbonate, polysulfone,
polyarylate, 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
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are preferably used. Glass transition temperature of
the polymer used is not specified, but it is preferably
100°C or above, more preferably 110°C or above.

Preferred examples of the polymers which meet
the above conditions are cellulose triacetate, poly-
carbonate, polysulfone, polyether sulfone and poly; -
ethylene terephthalate. The first four are especially
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
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harder than the untreated strate in terms of a pencil
hardness.

As the hard coat agent, there can be used
conventional hard coat agents. The formation of the
‘hard coat layer can be carried out by conventional
processes.- It is preferable to use a hard coat agent or
a hard coating process so as to give a hard coat layer
having a thickness of 2 um 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,lthere 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 -~ 181,
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, urethahe-acrylate resins epoxy-acrylate resins,
polyester-acrylic resins, organopolysilocanes and
inorganic compoﬁnds is preferable among these examples.
Further, from the viewpoiﬁt of film-forming property,
the use_of photocurable type resins, acryl oligomers and
organosiloxanes is hore pﬁeferable as the hard coat
agent.

In the case of forming a liquid crystal .

oligomer layer on the hard coat treated polymer sub-
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strate; there cani Be carried out a convéhtional surface
modifying -technigue such as a plasma treatment, a corona
treatment, ultraviolet radiation, a saponification
treatment upon the hard coat layer so as to enhance
surface tension of the polymer £film, resulting in
improving the uniformity of film formed.

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
irradietion; heat treatment, or the like depending on

‘the kind of hard coat agent used.
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When the film is formed by the evaporation
method, care should be taken as to the direction of |
evaporation. The use of obligque evaporation is not
preferable due to giving undesirable influences on the
optical axis of the aligned liquid crystal oligomer.

Now, a process of making a laminate of
substrate sdbjected 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
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coating, gravure coating, bar coating, spray coating,
dipping, etc.

In view of easiness of operation, it is
recommended to form the film from a_polymer solution by
using such coating method as roll coating, gravure
coating, bar coating, spin 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
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forming method is not specified. For example, the film
can be formed by dissolving a liquid crystal oligomer in
a solvent which can dissolve'said.liquid'crystal
oligomer but scarcely causes dissolution or swelling of
the substrate or hydrophilic polymer,.and coating the
solution on the substrate by a known cocating method such
as roll coating, 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
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degree of homeot¥tipic orientation of theé ligquid crystal
oligomer, the liquid crystal oligomer/polymer laminated
film is heat-treated at the same témperature for the
saﬁe period of time as in the case of the aforementioned
liquid crystal oligomer polymer film. However, in'the
case of a substrate having certain glass transition
temperature or a substrate incorporated with certain
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

using a glass plate or a hydrophilic polymer film as
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substrate;

In the oriented liquid crystal oligomer
polymer film or the laminate of an oriented liquid
crystal oligomer polymer film and a hydrophilic sub-
strate according to the pfesent invention, the optical
axis is substantially parallel to the normal line of the
film, so that by using a plural number of the uniaxially
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
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the in-plane refractive index of the composite retarda-
tion plate, and the refraction index (n,) in the thick-
. ness direction of the composite retardation plate.

The aniﬁotropf of refraction index can be
obtained as an arithmetic mean of refractive indexes of
individual constituting material plates and films.
Since the composite retardétion plate shows retardation,
it is practical to estimate the anisotropy of refractive
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:

n=>n=>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 triacétate, 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.
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The lamifiate of liquid.crystai bligomer/
hydrophilic substrate and the uniaxially oriented
retardation film may be bonded to each other with a
binder or other means to form a laminate, or they may be
used separately'from each oﬁher. |

.For producing a film (base film) used as base
of a retardation film made of a thermoplastic polymer
such as mentioned above, a suitable molding method such
as solvent'casting,lextrusion 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 plaﬁe, 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
téntering.

In the liquid crystal display device of the
present invention, the position of the optically
anisotropié film, the laminate of an optically
anisotropic film and a hydrophiliélsubstrate, 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
ligquid crystal display. for instance, they may be
disposed between a polarizing plate and a liquid crystal
cell for-displéy, between a polarizing plate and a

polarizing plate protective film, between a retardation
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film and a polariiing plate, between a f&tardation film
and a liquid crystal cell for display. Further, an
aligned polymerized liquid crystal oligomer film can be
positioned at either a near sider or a far side of the-
liquid crystal cell. In order to obtain a liquid
crystal digplay device having a wider viewing angle, it
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
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laminate of a lifiiid crystal oligomer PSlymer film and a
substrate had the optical axis substantially in the
direction normal to the film plane, it was observed
whether extinction would take place almost perfectly
when-said lamina;ed film was placed horizontally under
crossed nicols in case the substrate had no birefrin-
gence, and then it was further observed 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
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Example 1

A 7% aqueous solution of polyvinyl alcohol
(Poval 117, produced by Kuraray Co., Ltd.) was coated on
an 80 VUm thick cellulose triacetate film and dried in
hot air of 100°C. The resultantly obtained polyvinyl
alcohol film was 3 um thick.

Al : 1 mixture of 4-(allyloxy)-benzoic
acid-4’-cyanophenyl ester and 4-(allyloxy)-genzoic
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
mesogen 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—
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| tiator in an amount of 2 wt% based on the liquid crystal
oligomer. This liquid crystal oligomer solution was
applied on a polyvinyl alcohol-coated cellulose tri-
acetate film by using an applicator with a gap width of
40 pm, followed by during at room temperature. The
resultantly formed liquid crystal oligomer film was
cloudy. |

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 profiler as a thickness meter (Alpha Step AS-200
mfd. by Tencor Co.) was 2.3 um.

Then, in order to obtain a uniaxially oriented
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retaxdation film-having the optical axis in the film
plane, said film also having positive anisotropy of
refractive index and made of a thermoplastic polymer, an
80 um thick poljcarbonate base film was formed by
solvent casting, and this base film was stretched 1.2
times at 185°C by longitudinal uniaxial stretching
method. The obtained polycarbonate retardation film had
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 substance. The obtained laminated film was

cloudy.
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Obsexrvation of the laminated film under
crossed nicols confirmed cloudiness of the film and
showed that the liquid crystal oligomer polymer was not

oriented vertically.

Example 2 |

The procedure of Example 1 was followed 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.
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Example 3

The procedure of.Example 1 was followed except
that the cellulose triacetate film was replaced by a
polycarbonate retardation film (viewing angle: 39°) with
R{(0) = 380 nm prepared by the same method as used in
Example 1 to obtain a laminated film of a liquid crystal
oligomer polymer film and a polymeric substance.

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. Retardation of this laminated film was 3 nm,

about the same as retardation of the nonstretched

Lo
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polysulfone film alone. Retardation enlarged when the
laminated film was tilted from the homogeneous plane.
Retardation at inclination of 60° was 64 nm. As
retardation enlarged with increase of film inclination,
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 retardafion film with a greater ‘
viewing angle that of the single polycarbonate retarda-
tion £ilm. '

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

B Y
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view of the fact that retardation enlarged with increase
of tilt angle of the film, it was confirmed that the
liquid crystal polymer layer was oriented vertiéally.

The thickness of the liquid crystal'oligomer
polymer layer was 2.0 um. When said laminated film and
a polycarbonate retardation film were laminated, the
viewing 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-

[y



- 77 -

tively, based on the liquid crystal oligomer. The thus
prepared liquid crystal oligomer composition solution
was coated on a polyvinyl alcohol-coated cellulose tri-
acetate film by using a bar coater and dried at room
temperature. The resultantly formed liquid crystal
oligomer.composition film was cloudy.

The thus 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 meréury lamp at alight intensity of 500 mW/cm?
on the irradiated surface.

The obtained laminated f£ilm of liquid crystal
oligomer polymer coméosition 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 aﬁgle 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.
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When this composite retardation film is placed
between the upper polariziné 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.

Said compoéite retardation film may be bonded
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
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than that of the single polycarbonate retardation film.
When this composite'retardation film was

placed between the upper polarizing plate and the

corresppnding liquid crystal cell of an STN type liquid

crystal display device, black and white display was

given and the film showed excellent viewing angle

characteristics.

Example 8

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 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. | o

| The thus obtained three-layer (liquiqlcrystal

oligomer composition/polyvinyl alcohol/cellulose tri-
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acetate) laminated film was heated in a 55°C thermostat
for 5 minutes and then ifradiated with light from a high
pressure mercury lamp at élight_intensity of 500 mW/cm?
on the irradiated surface. |

The obtained laminated film of oriented liquid
crystal oligomer polymer composition and polymeric
substance 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 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
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4-cyano-4’'-hexylbiphenyl to obtain a laminated film of
an oriented liquid crystal oligomer polymer composition
film 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 attri-
butable to cellulose triacetate, but retardation
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
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oriented ECB type liquid crystal display device, it

shows excellent viewing angle characteristics.

Comparative Example 2

The procedure of Example 6 was followed except
that no heat treatment was conducted after coating of
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 polymef 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 produced by Shoko Tsusho Co., Ltd;). The contact

angle of this substrate against.water was 30.3°. The
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liquid crystal polymer solution was coated on this glass
substrate by a spin coater (1lH-DX, Mikas; Co., Ltd.) and
dried.

The obtained liquid crystal polymer film was
cloudy. The glass substrate wa heated on a 130°C hot
plate for 10 minutes. Then, with the glass substrate
left on the hot plate, the hot plate was switched off
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
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polymexr film.

Comparative Example 3

The process of Example 11 was carried out
ekcept that the glass substrate coated Qith the liquid
c:ystal polymer -was not heated to obtain a liquid
crystal polymer film. When observed under crossed
nicols,'the obtained liquid crystal polymer film showed
a 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.
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Example 13

When a glass substrate was treated with a
silane coupling agent (AY43-021 produced by Toray
Silicone Co., Ltd.) to make it hydrophobic, the contact
angle against water became 87.4°. A 1.5 um thick liquid
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.
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Example 15

The polyéarbonate base film used in Example 11
was bonded to a glass substrate and subjected to ultra;
sonic cleéning with.a detergent, and polyvinyl alcohol
was coated thereon in the same way as Example 14. The
contact angle of this éubstrate against water was 45.2°.
A liquid crystal polymer film was formed on this
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
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were laminated so that their delayed phase axes

would agree with each other.

Comparative Example 5
A polycarbonate base film was treated

according to Example 15 éxcept that no polyvinyl 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
crystal 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
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10 Pa. After evaporation, the cellophane adhesiQe tape
was removed and the coated substrate was washed with
acetone. The Si0, coating film was 500 nm ﬁhick.

4-(allyloxy)-benzoic acid-4'—methquphenyl
ester was reacted with pentamethylcyclopentasiloxane by
the method shown in USP 4,410,570 to obtain a 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, the 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.
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Comparative Example 6

The procedure of Example 16 was followed
except that the portion of the glass subst;ate masked
with a cellophane adhesive tape was used as substrate.
The obtained laminate, as examined under crossed nicols,
had a Schlielen texture. Since no extinction zone was
observed when the iaminate was turnéd 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_heafed at 60°C for 3
ﬁinutes and then obéerye&.upder 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
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evaporation and the inclination axis at the time of
measurement of transmitted light-intensity, and Fig. 4
.shows change of transmitted light intensity when the
laminate was turned about said inclination axis. It is
seen from Fig. 4 that extinction occurs when the
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
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oriented retardaﬁion film, it is possible to obtain a
composite retardation plate with a large viewing angle.
'Further, by using an oriented optically
anisotropic film hafing the optical axis inclined 10-80°
from the film plane, or by laminating such film and a
transparent or semitransparent film of a polymeric
substance, or by combining said film with a uniaxially
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 .
crystal diéplay device, it is possible to remarkably
improve the display cha:acteristics, 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
phqtopolymerization 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

£
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2.5 um thick. The resulting liquid crystal oligomer
film was clouded in white. '

A laminate film comprising the resulting
aligned liquid crystal oligomer and a substrate was heat
tfeated at 80°C for 5 minutes, followed by irradiation
with ultraviolet light at 2 J/cm? from a high-pressure
mercury lamp.

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.) wﬁs
coated using a bar coater #9 to form a film of about 5

um, followed by photo curing. The resulting film was

A
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plasma treated in an Ar gas. 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 #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



--94 -
device, black and white display is given and the film

shows excellent viewing angle characteristics.

Example 20

On the same polycarbonate retardation film as
used in Example 1, a hard coat agent of ultraviolét '

- 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
hgat treated at 80°C for 5 minutes, followed by
jrradiation 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
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was 60° or more, and greatly improved compared with the
case of single use of the retardation film.

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

shows excellent viewing angle characteristics.

Example 21
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 gnd
isotropic polymer substrate. On this substrate, a 30%
toluene solution of polymerizable ligquid crystal
oligomer obtained in Example 1 was coated by a gravure
coating method so as to form a film of 2.8 um thick
after dried. After heat treating aﬁ 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 ﬁniaxially 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.
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used.

Two retardation films were obtained by
laminating the polymerized liquid crystél oligomer/
polymer.laminated film and the uniaxially oriented
‘retardation film using an adhesive (construction:
~ cellulose triacetate film/polymerized liquid crystal
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



uniaxially oriente@ retardation film in this Example was
obtained from the maximum wavelength of interference
spectra using a spectrometer (MCPD-1000, a trade name,
mfd. by Otsuka Denshi Co., Ltd.) wherein two polarizing

prisms were placed in parallel in the optical system.

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.
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CLAIMS:

1. An.optically anisotropic film comprising a
polymer of a liquid crystal oligomer having positive
anisotropy of refractive inde# and showing nematic orx
smectic phase, said liquid crystal oligomer being
selected from linear-chain or cyclic liquid crystal
oligomers mainly composed of the following recurring

units (I) and (I1):

Rx—i—(CHz)r—(O)i— Ary——L),—Axr,—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)
s |
I
--cI:——coo- ' (IV)
CH,

wherein, in the formula (III), -8i-0- is a main chain of
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the recurring unit (I) or (II) and, in the formula (IV),
-C-CH,- is a main chain of the recurring unit (I) 6r (II)
and the COO group is positioned in the side chain which is
neither R, nor R,;; when A in the formula (I) is the

formula (III) and when A in the formula (II) is the
formula (III), R, and R, are independently hydrogen,_a

-CLJ 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-cyclohexane group, a
pyridine-2,5-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 halogen, 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

-
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characterized in that the terminal group of the
recurring unit (II) is polymerized, and that the optical
axis of said film is aligned in the direction of an
angle selected from between 0 and 80° against the normal
line of the film.
2. An optically anisotropic film according to
Claim 1, wherein the film comprises a polyﬁerized 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-,
-O-lez- , -CO0O~, -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;., alkoxy group;

Ee

S)m

o=0n0O

(R

1-20 alkyl



- 101 -
~group or C,; alkoxy group; and m and ¢ are indepen-

dently 0 or 1;
CH, = C(R;)-COORy - (VIII)

wherein R; is hydrogen.or a methyl group; and R8 is a Cl_30
hydrocarbon group;

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 anisotropic 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):

Ry—A—(CH, ) —{ O }g— Az,— (L) —Ar,—R (1x)

\..

TR
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wherein A is a group represented by the following

formula (X) or (XI):

I

—?i—— (X)
0
l

——c|:—coo— (XI)
CH,

wherein in the formula (X), -§i-0- 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; 4 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

L]

Ci-10 alkyl group or a C,,, alkoxy group, pharacterized in
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that the number of the recurring units is 4-10,000 on
thé 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
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9. A process for producing an optically
anisotropic film according to.Claim 7 of 8, wherein the
orientation treatment of the substrate comptises oblique
evaporation of an inorganic material.

10. A laminate of an optically anisotropic 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 lamihated film consisting of a hydro-
philic polymer and a transparent or semitranséarent
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
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retardation film, which comprises forming a film of a
linear-chain or cycliclliquid crystal polymer composed
of the recurring units (IX) and'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 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 Replace

wenen (MDD lll i

wherein n, and n, are the maximum value and the minimum
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value, respectively, of the in-plane refractive index of
the laminate, and n, is refractive index in the
thickness direction of ﬁhe laminate.
16. A composite retardation plate éomprisinq, as
laminations, a uniaxially oriented retardation film
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, > 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
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thermoplastic polymer.

19. A composite retardation plate comprisihg, as
laminations, a uniaxially oriented retardation film
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 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

- -
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set forth in Claim 20 having a polarizing £ilm bonded
thereto is disposed on said liquid crystal cell.
22, A liquid crystal display device éharacterized
in that at least one of an optically anisotropic film
set forth in ahy one of Claims 1 to 5 and a laminate set
forth in Claim 10, 15, 17 or 18 is pfovided 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 substraté 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)

wherein n, and n, are the maximum value and the minimum
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value, respecﬁi%ely, of the ;n-plané refractive index of
the laminate; and n, is the refractive index in the
thickness direction of tﬁe laminate.
© 25, A composite retardation plate comprising a
uniaxially oriented retardation film having an oﬁtical
éxis in a film plane, having positive anisotropy of
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):
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 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
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group consisting of (a) a laminate cdmérising an aligned
polymerized liquid crystal oligomer film and a substrate
set forth in Claim 23 or 24, and (b) a composite
retardation plate set forth in Claim 25 being placed
between the electrode substrates and the polarizing
films, respectively.
27. A liquid crystal display device set forth in
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
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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 Claim 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 transparenﬁ substrates having
electrodes thereon and sandwitching a liquid crystal
cell cbntaining 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.
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