US 20090096961A1
ao) United States

12) Patent Application Publication o) Pub. No.: US 2009/0096961 A1

Nagai et al. (43) Pub. Date: Apr. 16, 2009
(54) OPTICAL FILM, POLARIZING PLATE AND (30) Foreign Application Priority Data
LIQUID CRYSTAL DISPLAY DEVICE
Nov. 14,2005  (JP) .o, 2005-329262
(76) Inventors: Michio Nagai, Kanagawa (IP);
Akira Ikeda, Kanagawa (IP) Publication Classification
51) Imt.Cl
Correspondence Address: (
BUCHANAN, INGERSOLL & ROONEY PC ggjg ;;5;35 888283
POST OFFICE BOX 1404 ’
ALEXANDRIA, VA 22313-1404 (US) (52) US.CL i 349/96; 428/333
(21) Appl. No.: 12/093,416 (57 ABSTRACT
(22) PCT Filed: Nov. 14, 2006 An optical film, which is an optically compensatory film that
’ comprises: at least two optically anisotropic layers compris-
(86) PCT No.: PCT/TP2006/323059 ing a first optically anisotropic layer and a second optically
anisotropic layer, wherein the first optically anisotropic layer
§ 371 (c)(1), is formed by mixing two or more liquid crystal compounds
(2), (4) Date: May 12,2008 having different structures with each other.
(off) (on)
/
{ Fr—ra—L
R A K AP RIIRR - 1338 SRR KSR R AR RRRARN
e T e e —— -
T O I s <
~— T~ “
N
\ \ \A\) fc J% \ x
\ \ k\v1 14—
- 1le——~{__
"\/11 /—\,/
L A1
)0
Hi
1]
| \/—
e 1 R
=~—12b
R - B L e —— >
( et |




Patent Application Publication

\’5
=3

Apr. 16,2009 Sheet 1 of 4

US 2009/0096961 A1

00009 0.9.0.9.0.9.0.0.00.9.9.9:949,9,0.0

e

X KK KA XL XX KK

|
|
I
|
i
|
i
i
|
|
Al \
i
DN
[ab)
\)
()
I
|
|
|
|
|
|
i
|
{
|
|

)\ \S——m /|
\M\%ﬁjﬁ%ﬂ
5137
g

(
N
=




Patent Application Publication  Apr. 16,2009 Sheet 2 of 4 US 2009/0096961 A1

FIG.2

N~ 31

35<

32

33

TA™




Patent Application Publication  Apr. 16,2009 Sheet 3 of 4 US 2009/0096961 A1

FIG.3

TA1 A
33A
BA1
S Rm/bé\ 31A
| - f10

,///// ///// 318

33B

348




Patent Application Publication  Apr. 16,2009 Sheet 4 of 4 US 2009/0096961 A1

~

N
4 h

PN
ol

41

FIG.4
O

42

O




US 2009/0096961 A1

OPTICAL FILM, POLARIZING PLATE AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an optical film, a
polarizing plate and a liquid crystal display device compris-
ing same.

BACKGROUND ART

[0002] As compared with CRT (cathode ray tube), a liquid
crystal display device (LCD) is advantageous in that it has a
small size and a light mass and consumes a low electric
power. The liquid crystal display device comprises a liquid
crystal cell and a pair of polarizing plates disposed on the
respective side of the liquid crystal cell. The liquid crystal cell
comprises rod-shaped liquid crystal molecules, two sheets of
substrates for enclosing the rod-shaped liquid crystal mol-
ecules therein and an electrode layer for applying a voltage to
the rod-shaped liquid crystal molecules. In order to align the
rod-shaped liquid crystal molecules thus enclosed in the lig-
uid crystal cell, the two sheets of substrates each have an
alignment film provided thereon. In order to decolor the
image displayed on the liquid crystal cell, it is normally often
practiced to provide an optically-compensatory sheet (re-
tarder plate) interposed between the liquid crystal cell and the
polarizing plate. The laminate of the polarizing plate (polar-
izing film) and the optically-compensatory sheet acts as an
elliptical polarizing plate. The optically-compensatory sheet
may be rendered capable of expanding the viewing angle of
the liquid crystal cell. A stretched birefringence film has
heretofore been used as an optically-compensatory sheet.
[0003] Tthas also been proposed that an optically-compen-
satory sheet having an optically anisotropic layer containing
a discotic compound be used instead of stretched birefrin-
gence film (see, e.g., JP-A-6-214116, U.S. Pat. No. 5,583,
679, U.S. Pat. No. 5,646,703 and German Patent Application
Disclosure No. 3911620). The optically anisotropic layer is
formed by aligning a discotic liquid crystal compound, and
then fixing the discotic liquid crystal compound thus aligned.
A discotic liquid crystal compound normally has a high bire-
fringence. A discotic liquid crystal compound can be aligned
in various forms. Accordingly, a discotic liquid crystal com-
pound can be used to produce an optically-compensatory
sheet having optical properties that have never been obtained
with the prior art stretched birefringence films.

[0004] A liquid crystal display device has been proposed
comprising a bend-aligned liquid crystal cell having rod-
shaped liquid crystal molecules aligned in directions which
are opposite from upper to lower side of the liquid crystal cell
(symmetrically) (see, e.g., U.S. Pat. No. 4,583,825 and U.S.
Pat. No. 5,410,422). Since the rod-shaped liquid crystal mol-
ecules are symmetrically aligned in directions which are
opposite from upperto lower side of the liquid crystal cell, the
bend-aligned liquid crystal cell has a self optical compensat-
ing function. Therefore, this liquid crystal mode is also called
OCB (optically compensatory bend) liquid crystal mode. The
bend-aligned liquid crystal display device is advantageous in
that it exhibits a high response.

[0005] As compared with ordinary liquid crystal modes
(TN mode, STN mode), the bend alignment mode is charac-
terized by a great viewing angle and a high response. How-
ever, the bend alignment mode needs to be further improved
as compared with CRT. In order to further improve the bend-
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aligned liquid crystal display devices, it can be proposed that
an optically-compensatory sheet be used as in the ordinary
liquid crystal modes. However, the prior art optically-com-
pensatory sheet comprising a stretched birefringence film
leaves something to be desired when used in the bend-aligned
liquid crystal display device. As previously mentioned, it has
been proposed that an optically-compensatory sheet having
an optically anisotropic layer containing a discotic liquid
crystal compound be used instead of stretched birefringence
film. Further, a bend-aligned liquid crystal display device
comprising an optically-compensatory sheet containing a
discotic liquid crystal compound has been also proposed (see,
e.g., JP-A-9-197397 and International Disclosure No.
96/37804). The use of the optically compensatory film con-
taining a discotic liquid crystal compound makes it possible
to remarkably improve the viewing angle of the bend-aligned
liquid crystal display device.

[0006] However, it has been pointed out that the bend-
aligned mode liquid crystal display device comprising an
optically compensatory sheet containing a discotic liquid
crystal compound is subject to leakage of light having a
specific wavelength and hence coloration in displayed image
(see,e.g., JP-A-11-316378). It is disclosed that this coloration
is attributed to the wavelength dependence of transmittance
of an ellipsoidal polarizing plate (laminate of polarizing plate
and optically compensatory sheet).

[0007] It is reported that when the optically anisotropic
layer and the polarizing film are disposed such that the angle
of the average direction of regular projection of the line nor-
maltothe disc surface of the discotic liquid crystal compound
toward the optically anisotropic layer with respect to the
in-plane transmission axis of the polarizing film is 45°, the
maximum optical compensation effect on the bend-aligned
mode liquid crystal cell can be exerted. Various methods have
been proposed to eliminate tin change and prevent gradation
inversion of a bend-aligned liquid crystal device comprising
an optically-compensatory sheet containing a discotic liquid
crystal compound (see, e.g., Japanese Patent 3056997 and
JP-A-2002-40429).

DISCLOSURE OF THE INVENTION

[0008] As mentioned above, even when an optically com-
pensatory sheet (The terms “optically compensatory sheet”
and “optically compensatory film” are used synonymously
with each other herein) containing a discotic liquid crystal
compound is used in a bend-aligned liquid crystal device, the
occurrence of gradation inversion can be difficultly prevented
while satisfying the contrast properties, viewing angle prop-
erties and tint of the bend-aligned liquid crystal device.
[0009] An aim of the invention is to provide an optical film
and a polarizing plate capable of properly making optical
compensation of a liquid crystal cell, particularly of bend-
aligned mode. Another aim of the invention is to provide a
liquid crystal display device having excellent viewing angle
properties capable of displaying a good image having a high
contrast, no tint problems during black display and no grada-
tion inversion.

[0010] As aresult of the inventors’ extensive studies, it was
found that due to the difference between the wavelength
dependence of anisotropy of the liquid crystal molecules used
in the liquid crystal cell and the wavelength dependence of
anisotropy of the optically compensatory sheet containing a
discotic liquid crystal compound, a bend-aligned mode liquid
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crystal display device according to the constitution is nor-
mally subject to leakage of light in short wavelength (blue).
[0011] Inview ofabove, the inventors found, as a method of
allowing the wavelength dispersion of the liquid crystal mol-
ecules and the optically compensatory sheet used in the liquid
crystal cell to coincide with each other, the formation of an
optically anisotropic layer of the optically compensatory
sheet by mixing two or more liquid crystal compounds having
different structures with each other. By this finding, the afore-
mentioned problems can be solved. In particular, tint during
black display can be improved.

[0012] The aims of the invention are accomplished by the
following constitutions [1] to [9].

[0013] [1] An optical film, which comprises:

[0014] at least two optically anisotropic layers comprising
a first optically anisotropic layer and a second optically aniso-
tropic layer,

[0015] wherein the first optically anisotropic layer is
formed by mixing two or more liquid crystal compounds
having different structures with each other.

[0016] [2] The optical film as described in [1] above,
[0017] wherein the first optically anisotropic layer satisfies
numerical expression (1):

Re(450)/Re(650)<1.25 M

[0018] wherein Re (450) and Re (650) represent in-plane
retardation values (unit: nm) of the first optically anisotropic
layer at a wavelength of 450 nm and 650 nm, respectively.
[0019] [3] The optical film as described in [1] or [2] above,
[0020] wherein at least one of the two or more liquid crystal
compounds constituting the first optically anisotropic layer is
a discotic liquid crystal compound.

[0021] [4] The optical film as described in any of [1] to [3]
above,
[0022] wherein at least one of the two or more liquid crystal

compounds is a trisubstituted benzene skeleton discotic lig-
uid crystal compound.

[0023] [5] The optical film as described in any of [1] to [4]
above,
[0024] wherein atleast one of the two or more liquid crystal

compounds is a triphenylene skeleton discotic liquid crystal
compound.

[0025] [6] The optical film as described in any of [1] to [5]
above,
[0026] wherein the second optically anisotropic layer com-

prises a cellulose acylate film.

[0027] [7] A polarizing plate, which comprises:
[0028] a polarizing film; and
[0029] at least two protective films disposed on the both

sides of the polarizing film,
[0030] wherein at least one of the at least two protective
films is an optical film as described in any of [1] to [6] above.

[0031] [8] A liquid crystal display device, which com-
prises:

[0032] aliquid crystal cell; and

[0033] a polarizing plate as described in [7] above.

[0034] [9] The liquid crystal display device as described in

[8] above, which is of OCB mode.

BRIEF DESCRIPTION OF THE DRAWING

[0035] FIG. 1 is a sectional view diagrammatically illus-
trating the alignment of a liquid crystal compound in a bend-
aligned liquid crystal cell;
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[0036] FIG. 2 is a diagrammatic view illustrating a polar-
izing plate according to an aspect of the invention;

[0037] FIG. 3 is a diagrammatic view illustrating a bend-
aligned liquid crystal display device according to an aspect of
the invention; and

[0038] FIG. 4 is a diagrammatic sectional view illustrating
a representative embodiment of light-diffusion film,

[0039] wherein 10 denotes bend-aligned liquid crystal cell;
11 denotes liquid crystal compound; 11a-11j denote rod-
shaped liquid crystal molecule; 12a and 126 denote align-
ment film; 13a and 134 denote electrode layer; 14a denotes
upper substrate; 145 denotes lower substrate; 31, 31A and
31B denote first optically anisotropic layer 1; 31a-31e denote
discotic compound; 32 denotes alignment film; 33, 33A and
33B denote second optically anisotropic layer 2; 34, 34A and
34B denote polarizing film; 35 denotes optical film; NL
denotes normal line of disc surface of discotic compound; PL
denotes direction of normal line of disc surface regularly
projected on surface of second optically anisotropic layer 2;
RD, RD1, RD2, RD3 and RD4 denote rubbing direction; SA,
SA1 and SA2 denote in-plane slow axis; TA, TA1 and TA2
denote in-plane transmission axis; BL, denotes back light; 0
denotes angle of the rubbing direction (RD) of alignment film
with respect to the in-plane slow axis (SA) of optically aniso-
tropic layer 2; 1 denotes light-diffusion film; 2 denotes trans-
parent substrate film; 3 denotes light-diffusion layer; 40
denotes light-transmitting resin; 41 denotes first light-trans-
mitting particulate material; and 42 denotes second light-
transmitting particulate material.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0040] The invention will be further described hereinafter.
[0041] Theterm “Re(A)”as used herein is meant to indicate

in-plane retardation at a wavelength A. Re(\) is a value mea-
sured when light having a wavelength A nm is incident in the
direction normal to the film using “KOBRA 21ADH” (pro-
duced by Ouji Scientific Instruments Co. Ltd.). Rth (M) is
calculated by “KOBRA 21ADH” on the basis of retardation
values measured in the total three directions, i.e., Re(L), retar-
dation value measured by the incidence of light having a
wavelength A nm in the direction inclined at an angle of +40°
from the direction normal to the film with the in-plane slow
axis (judged by “KOBRA 21 ADH”) as an inclined axis
(rotary axis), retardation value measured by the incidence of
light having a wavelength A nm in the direction inclined at an
angle of —40° from the direction normal to the film, hypo-
thetical average refractive index and inputted film thickness.
As ahypothetical average refractive index there may be used
one disclosed in “Polymer Handbook”, John Wiley & Sons,
Inc. and various catalogues of optical films. For the cellulose
acylate films having an unknown average refractive index, an
Abbe refractometer may be used. The average refractive
index of main optical films are exemplified below. Cellulose
acylate (1.48), cycloolefin polymer (1.52), polycarbonate
(1.59), polymethylene methacrylate (1.49), polystyrene
(1.59). By inputting the hypothetic average refractive indexes
and film thicknesses, KOBRA 21 ADH calculates n,, n,, and
n,. From nx, ny and nz thus calculated is then calculated
Nz=(nx-nz)/(nx-ny).
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[0042] Inthe invention, the retardation value is measured at
a wavelength of 550 nm unless otherwise specified.

(Liquid Crystal Display Device)

[0043] FIG. 1 depicts a sectional view diagrammatically
illustrating the orientation of liquid crystal compounds in a
bend-aligned liquid crystal cell. As shown in F1G. 1, a bend-
aligned liquid crystal cell (10) has a liquid crystal compound
(11) enclosed between an upper substrate (14a) and a lower
substrate (145). The liquid crystal compound (11) to be used
in the bend-aligned liquid crystal cell normally has a positive
dielectric anisotropy. The upper substrate (14a) and the lower
substrate (145) of the liquid crystal cell have alignment films
(124, 12b) and electrode layers (13a, 13b), respectively. The
alignment films each are capable of aligning the rod-shaped
liquid crystal molecules (11a to 11j). RD indicates the rub-
bing direction of the alignment film. The electrode layers
each are capable of applying a voltage to the rod-shaped
liquid crystal molecules (11a to 115).

[0044] When the voltage applied to the bend-aligned liquid
crystal cell is low, the rod-shaped liquid crystal molecules
(11a to 11e) disposed on the upper substrate (14a) side of the
liquid crystal cell and the rod-shaped liquid crystal molecules
(11fto 115) disposed on the lower substrate (145) side of the
liquid crystal cell are aligned in the opposing directions
(aligned symmetrically) as shown by the part (off) in FIG. 1.
The rod-shaped liquid crystal molecules (114, 115, 11i, 11)
disposed in the vicinity of the substrates (14a, 14b) are
aligned substantially horizontally and the rod-shaped liquid
crystal molecules (11d to 11g) disposed at the central part of
the liquid crystal cell are aligned substantially vertically.
[0045] When the voltage applied to the bend-aligned liquid
crystal cell is high, the rod-shaped liquid crystal molecules
(11a, 11j) disposed in the vicinity of the substrates (14a, 145)
remain aligned substantially horizontally as shown by the part
(on) in FIG. 1. The rod-shaped liquid crystal molecules (11e,
11f) disposed at the central part of the liquid crystal cell
remain aligned substantially vertically. The rod-shaped liquid
crystal molecules the alignment of which change with the rise
of voltage are those disposed between the substrates and the
central part of the liquid crystal cell (115, 11¢, 114, 11g, 117,
11i). These rod-shaped liquid crystal molecules are aligned
more vertically than in off state. However, the rod-shaped
liquid crystal molecules (11a to 11e) disposed on the upper
substrate (14a) side of the liquid crystal cell and the rod-
shaped liquid crystal molecules (11f'to 115) disposed on the
lower substrate (146) side of the liquid crystal cell remain
aligned in opposing directions (aligned symmetrically) as in
off state.

[0046] FIG. 2 depicts an example of diagrammatic view
illustrating a polarizing plate according to the invention. FIG.
2 depicts an example in which an optically anisotropic layer
1 is constituted by mixing two or more discotic liquid crystal
compounds having different structures with each other. The
polarizing plate shown in FIG. 2 is composed of a laminate of
an optically anisotropic layer 1 (31) containing discotic liquid
crystal compounds (31ato 31e), an optically anisotropic layer
2 (33) comprising at least one sheet of cellulose acylate film
and a polarizing film (34). The polarizing plate shown in FIG.
2 has an alignment film (32) provided interposed between the
optically anisotropic layer 1 (31) and the optically anisotropic
layer 2 (33). The discotic liquid crystal compounds (31a to
31e) constituting the optically anisotropic layer 1 (31) are
planar molecules. The discotic liquid crystal compounds (31a
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to 31e) each have only one plane, i.e., disc surface in its
molecule. The disc surface is tilted with respect to the surface
of the optically anisotropic layer 2 (33). The angle (angle of
inclination) of the disc surface with respect to the surface of
the optically anisotropic layer 2 rises with the rise of the
distance from the discotic liquid crystal compound and the
alignment film. The average angle of inclination preferably
falls within the range of from 15° to 50°. When the angle of
inclination varies, the capability of enlarging the view angle
of the polarizing plate can be remarkably enhanced as shown
in FIG. 2. The polarizing plate the inclination angle of which
can be varied is also capable of preventing the reversion,
gradation change or coloration of displayed image. The aver-
age of direction (PL) of line normal to the disc surface (NL)
of the discotic liquid crystal compounds (31a to 31e) regu-
larly projected on the second optically anisotropic layer (33)
is not parallel to the rubbing direction (RD) of the alignment
film (32).

[0047] A preferred function of the invention is to predeter-
mine the angle of the average of direction of the line normal
to the disc surface of discotic compounds regularly projected
on the optically anisotropic layer 2 with respect to the in-
plane slow axis (SA) of the optically anisotropic layer 2 (33)
to substantially 45°. Therefore, if suffices if the angle (8) of
the rubbing direction (RD) of the alignment film (32) with
respect to the in-plane slow (SA) of the optically anisotropic
layer 2 is adjusted to substantially 45° at the step of producing
the polarizing plate. In the invention, the optically anisotropic
layer 2 and the polarizing film are disposed in such an
arrangement that the in-plane slow axis (SA) of the optically
anisotropic layer 2 and the in-plane transmission axis (TA) of
the polarizing film (34) are disposed parallel or perpendicular
to each other. The polarizing plate shown in FIG. 2 has two
sheets of optically anisotropic layers 2 disposed parallel to
each other. Principally speaking, the in-plane slow axis (SA)
of the optically anisotropic layer 2 (33) corresponds to the
stretching direction of the optically anisotropic layer 2. Prin-
cipally speaking, the in-plane transmission axis (TA) of the
polarizing film (34) corresponds to the direction perpendicu-
lar to the stretching direction of the polarizing film.

[0048] FIG. 3 is a diagrammatic view illustrating a bend-
aligned liquid crystal display device according to the inven-
tion. The liquid crystal display device shown in FIG. 3 com-
prises a bend-aligned liquid crystal cell (10), a pair of
polarizing plates (31A to 34A, 31B to 34B) disposed on the
respective side of the liquid crystal cell and a back light (BL).
The bend-aligned liquid crystal cell (10) corresponds to the
liquid crystal cell shown in FIG. 1. The upper and lower
rubbing directions (RD2, RD3) of the liquid crystal cell (10)
extend in the same direction (parallel). The polarizing plate
has optically anisotropic layers 1 (314, 31B), optically aniso-
tropic layers 2 (33A, 33B) and polarizing films (34A, 34B)
laminated in this order as viewed from the liquid crystal cell
(10) side thereof. The rubbing directions (RD1, RD4) of the
discotic liquid crystal compound of the optically anisotropic
layers 1 (31A, 31B) are not parallel to the rubbing directions
(RD2, RD3) of the discotic liquid crystal compound. As pre-
viously mentioned, the rubbing directions (RD1, RD4) of the
discotic liquid crystal compound are not parallel to the aver-
age of direction ofthe line normal to the disc surface regularly
projected on the optically anisotropic layer 2. The in-plane
slow axes (SA1, SA2) of the optically anisotropic layers 2
(33A,33B) and the in-plane transmission axes (TA1, TA2) of
the polarizing films (34A, 34B) are disposed at substantially
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45° with respect to the rubbing directions (RD1, RD4) of the
discotic liquid crystal compound on the same plane. The two
sheets of polarizing films (34A, 34B) are disposed in crossed
Nicols such that the in-plane transmission axes (TA1, TA2)
are perpendicular to each other.

(Optically Anisotropic Layer 1)

[0049] The optical film of the invention is an optically
compensatory film having at least two optically anisotropic
layers.

[0050] The optically anisotropic layer 1 of the invention is
formed by a plurality of liquid crystal compounds having
different structures. The optically anisotropic layer 1 may be
formed directly on the surface of the optically anisotropic
layer 2 or on an alignment film formed on the optically aniso-
tropic layer 2. The term “different structures” as used herein
is meant to indicate different absorption wavelengths.
[0051] As the liquid crystal compound to be used in the
formation of the optically anisotropic layer 1 there may be
used a discotic liquid crystal compound and a rod-shaped
liquid crystal compound. The retardation value of the opti-
cally anisotropic layer 1 as measured in the direction of line
normal to the surface of the film is preferably from 20 nm to
40 nm, more preferably from 25 nm to 40 nm.

[0052] The optically anisotropic layer 1 is preferably
designed to compensate for the liquid crystal compound in
the liquid crystal cell when the liquid crystal display device
performs black display. For the details of alignment of liquid
crystal compounds in liquid crystal cell, reference can be
made to IDW’00, FMC7-2, pp. 411-414.

[0053] The discotic liquid crystal compound and a rod-
shaped liquid crystal compound may be a polymer liquid
crystal or low molecular liquid crystal. A low molecular lig-
uid crystal which has been crosslinked and no longer exhibits
liquid crystal properties may be used.

[0054] Hereafter, liquid crystal compounds used in the
invention are described in detail.

(Discotic Liquid Crystal Compound)

[0055] Examples of the discotic liquid crystal compound
include benzene derivatives disclosed in C. Destrade et al’s
study report, “Mol. Cryst.”, vol. 71, page 111 (1981), truxene
derivatives disclosed in C. Destrade and et al’s study report,
“Mol. Cryst.”, vol. 122, page 141 (1985), and “Physics lett”,
A, vol. 78, page 82 (1990), cyclohexane derivatives disclosed
in B. Kohne et al’s study report, “Angew. Chem.”, vol. 96,
page 70 (1984), and azacrown-based or phenyl acetylene-
based macrocycles disclosed in J. M. Lehn et al’s study
report, “J. Chem. Commut.”, page 1,794 (1985), I. Zhang et
al’s study report, “J. Am. Chem. Soc.”, vol. 116, page 2,655
(1994).

[0056] Examples of the aforementioned discotic liquid
crystal compounds include liquid crystal compounds com-
prising a nucleus disposed at the center of the molecule and
straight-chain alkyl groups, alkoxy groups or substituted ben-
zoyloxy groups disposed radially on the nucleus as side
chains of the nucleus. In the invention, as a discotic liquid
crystal compound, liquid crystal compounds having a trisub-
stituted benzene skeleton or triphenylene skeleton are prefer-
ably included. The discotic liquid crystal compound is pref-
erably a compound the molecules or molecule aggregate of
which have a rotary symmetry and thus can be aligned as
desired.
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[0057] 1Inthe case where the optically anisotropic layer 1 is
formed by a discotic liquid crystal compound, the compound
which is finally incorporated in the optically anisotropic layer
1 no longer needs to show liquid crystal properties. For
example, in the case where the low molecular discotic liquid
crystal compound has a group which reacts when heated or
irradiated with light so that when heated or irradiated with
light, the resulting reaction of the group causes the low
molecular discotic liquid crystal compound to undergo poly-
merization or crosslinking to form an optically anisotropic
layer 1, the compound incorporated in the optically anisotro-
pic layer 1 may no longer maintain its liquid crystal proper-
ties. For the preferred examples of the discotic liquid crystal
compounds, reference can be made to JP-A-8-50206. For the
details of polymerization of discotic liquid crystal compound,
reference can be made to JP-A-8-27284.

[0058] In order to fix the discotic liquid crystal compound
by polymerization, it is necessary that polymerizable groups
be connected to the disc-shaped core of the discotic liquid
crystal compound as substituents. However, when polymer-
izable groups are directly connected to the disc-shaped core,
it is difficult to keep the discotic liquid crystal molecules
aligned as desired in the polymerization reaction. It is there-
fore preferred that connecting groups be incorporated in
between the disc-shaped core and the polymerizable groups.
The discotic liquid crystal compound having a polymerizable
group is preferably a compound represented by the following
formula (DI).

Formula (DI)

Rl
I
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I
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L3 YIZ LZ
H3/ ~ m
R3 - ~ RZ

[0059] In the formula (DI), Y*!, Y'? and Y** each indepen-
dently represent a methine or nitrogen atom.

[0060] When Y'!, Y'? and Y'* each are a methine, the
hydrogen atoms in the methine may be substituted by a sub-
stituent. The term “methine” as used herein is meant to indi-
cate an atomic group obtained by removing three hydrogen
atoms from methane.

[0061] Preferred examples of the substituents on the carbon
atoms in the methine include alkyl groups, alkoxy groups,
aryloxy groups, acyl groups, alkoxycarbonyl groups, acyloxy
groups, acylamino groups, alkoxycarbonylamino groups,
alkylthio groups, arylthio groups, halogen atoms, and cyano
groups. More desirable among these substituents are alkyl
groups, alkoxy groups, alkoxycarbonyl groups, acyloxy
groups, halogen atoms, and cyano groups. Most desirable
among these substituents are C,-C,, alkyl groups, C,-C,,
alkoxy groups, C,-C,, alkoxycarbonyl groups, C,-C,, acy-
loxy groups, halogen atoms, and cyano groups.

[0062] Y'', Y'* and Y'® each are more preferably a
methine. Most preferably, the methine is unsubstituted.
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[0063] In the formula (DI), L', 1.7 and L* each indepen-
dently represent a single bond or divalent connecting group.
The divalent connecting groups represented by L', L and L*
each are independently a divalent connecting group selected
from the group consisting of —0—, —S—, —C(=0)—,
—NR’—, —CH=CH—, —C=C—, divalent cyclic group
and combination thereof. R” is a C,-C, alkyl group or hydro-
gen atom, preferably a C,-C, alkyl group or hydrogen atom,
more preferably a methyl group, ethyl group or hydrogen
atom, most preferably a hydrogen atom.

[0064] Thedivalent cyclic groups represented by L', L and
I.? each are a divalent connecting having at least one cyclic
structure (hereinafter occasionally referred to as “cyclic
group”). The cyclic group is preferably a 5-, 6- or 7-mem-
bered ring, more preferably a 5- or 6-membered ring, most
preferably a 6-membered ring. The ring contained in the
cyclic group may be a condensed ring. However, a monocycle
is preferred to condensed ring. The ring contained in the
cyclic group may be any of aromatic ring, aliphatic ring and
heterocyclic group. Preferred examples of the aromatic ring
include benzene ring and naphthalene ring. Preferred
examples of the aliphatic ring include cyclohexane ring.
Examples of the heterocyclic group include pyridine ring and
pyrimidine ring. Preferred among these cyclic groups are
aromatic ring and heterocyclic group. Hereinafter, the diva-
lent cyclic group in the invention is more preferably a divalent
connecting group composed of cyclic structure (containing
substituents) alone.

[0065] Preferred among divalent cyclic groups having ben-
zene ring represented by L', L? and L* is 1,4-phenylene
group. Preferred examples of cyclic group having naphtha-
lene ring include naphthalene-1,5-diil and naphthalene-2,6-
diil. The cyclic group having cyclohexane ring is preferably
1,4-cyclohexylene. The cyclic group having pyridine ring is
preferably pyridine-2,5-diil. The cyclic group having pyrimi-
dine ring is preferably pyrimidine-2,5-diil.

[0066] Thedivalent cyclic groups represented by L', L? and
L? each may have substituents. Examples of the substituents
include halogen atoms, cyano groups, nitro groups, C,-C,
alkyl groups, C,-C, c alkenyl groups, C,-C, ¢ alkynyl groups,
C,-C,s halogen-substituted alkyl groups, C,-C,, alkoxy
groups, C,-C, ¢ acyl groups, C,-C, ¢ alkylthio groups, C,-C,4
acyloxy groups, C,-C, ¢ alkoxycarbonyl groups, carbamoyl
groups, C,-C,. alkyl-substituted carbamoyl groups, and
C,-C, ¢ acylamino groups.

[0067] Preferredexamples of I.},1.2and I.? include *—0—
CcO—, *—CO—0—, *—CH=CH—, *—(=C—, *-diva-
lent cyclic group-, *—O—CO-divalent cyclic group-,
*—(CO—O-divalent cyclic group-, *—CH—CH-divalent
cyclic group-, *—C=C-divalent cyclic group-, *-divalent
cyclic group-O—CO—, *-divalent cyclic group-CO—O—,
*-divalent cyclic group-CH—=CH—, and *-divalent cyclic
group-C=C—. Particularly preferred among these groups
are single bond, *—CH—CH—, *—C=C—, *-divalent
cyclic  group-O—CO—, *—CH—CH-divalent cyclic
group-, and *—C=C-divalent cyclic group-. Mostly pre-
ferred among these groups is single bond. The symbol *
indicates the position at which the moiety is connected to the
6-membered ring containing Y'*, Y'? and Y2 in the formula
DD.
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[0068] H', H? and H? each independently represent one
represented by the following formula (DI-A) or (DI-B).

Formula (DI-A)

* YAl %
\</ 7/
XA—YA?

[0069] In the formula (DI-A), YA' and YA® each indepen-
dently represent a methine or nitrogen atom. At least one of
YA' and YA? is preferably a nitrogen atom. More preferably,
both YA' and YA are each a nitrogen atom. XA represents an
oxygen atom, sulfur atom, methylene or imino, preferably
oxygen atom. The synibol * indicates the position at which
the moiety is connected to L' to L? in the formula (DI). The
symbol ** indicates the position at which the moiety is con-
nected to R' to R? in the formula (DI). The term “imino™ as
used herein is meant to indicate one represented by —NH—.

Formula (DI-B)

% YBl st
\ﬂ \
YB?—XB

[0070] In the formula (DI-B), YB' and YB? each indepen-
dently represent a methine or nitrogen atom. At least one of
YB' and YB? is preferably a nitrogen atom. More preferably,
both YB' and YB? are each a nitrogen atom. XB represents an
oxygen atom, sulfur atom, methylene or imino, preferably
oxygen atom. The symbol * indicates the position at which
the moiety is connected to L' to L.? in the formula (DI). The
symbol ** indicates the position at which the moiety is con-
nected to R to R? in the formmla (DI).

[0071] R, R* and R?® each independently represent one
represented by the following formula (DI-R).

*(12LQ2pl. 21 22!

[0072] In the formula (DI-R), * indicates the position at
which the moiety is connected to H' to H? in the formula (DI).

[0073] 1.*! represents a single bond or divalent connecting
group. The divalent connecting group represented by L** is
preferably a divalent connecting group selected from the
group consisting of —0—, —8—, —C(=0)—, —NR’—,
— CH—CH—, —C—C— and combination thereof. R’ is a
C,-C, alkyl group or hydrogen atom, preferably a C, -C, alkyl
group or hydrogen atom, more preferably a methyl, ethyl
group or hydrogen atom, most preferably hydrogen atom.
[0074] L?' is preferably any of single bond, ***—O—
CO—, wE__CO—0—, ¥ _CH—CH—  and
**__C=C— (The symbol *** indicates * side in the formula
(DI-R)), more preferably single bond.

(DI-R)

[0075] @ represents a divalent group having at least one
cyclic structure (cyclic group). Such a cyclic group preferably
has a 5-, 6- or 7-membered ring, more preferably a 5- or
6-membered ring, even more preferably a 6-membered ring.
The cyclic structure contained in the aforementioned cyclic
group may be a condensed ring. However, monocycle is pre-
ferred to condensed ring. The ring contained in the cyclic
group may be any of aromatic ring, aliphatic ring and hetero
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cyclic group. Preferred examples of the aromatic ring include
benzene ring and naphthalene ring. Preferred examples of the
aliphatic ring include cyclohexane ring. Examples of the het-
erocyclic group include pyridine ring and pyrimidine ring.
[0076] Among the groups represented by Q?, the cyclic
group having benzene ring is preferably 1,4-phenylene. Pre-
ferred examples of cyclic group having naphthalene ring
include naphthalene-1,5-diil and naphthalene-2,6-diil. The
cyclic group having cyclohexane ring is preferably 1,4-cyclo-
hexylene. The cyclic group having pyridine ring is preferably
pyridine-2,5-diil. The cyclic group having pyrimidine ring is
preferably pyrimidine-2,5-diil. Particularly preferred among
these groups are 1,4-phenylene and 1,4-cyclohexylene.

[0077] Q7 may have substituents. Examples of the substitu-
ents include halogen atoms (fluorine, chlorine, bromine,
iodine), cyano groups, nitro groups, C,-C,, alkyl groups,
C,-C, ¢ alkenyl groups, C5-C, ¢ alkynyl groups, C,-C, ¢ halo-
gen-substituted alkyl groups, C,-C, 4 alkoxy groups, C,-C
acyl groups, C,-C, s alkylthio groups, C,-C, c acyloxy groups,
C,-C,¢ alkoxycarbonyl groups, carbamoyl groups, C,-C,
alkyl-substituted carbamoyl group, and C,-C,4 acylamino
groups. Preferred among these substituents are halogen
atoms, cyano groups, C,-C, alkyl groups and C,-C, halogen-
substituted alkyl groups. More desirable among these sub-
stituents are halogen atoms, C,-C, alkyl groups and C,-C,
halogen-substituted alkyl groups. Even more desirable
among these substituents are halogen atoms, C,-C; alkyl
groups and trifluoromethyl groups.

[0078] Thesuffixn' indicates an integer of from 0 to 4. The
suffix n' is preferably an integer of from 1 to 3, more prefer-
ably 1 or 2.

[0079] L** represents **—O—  **—0—CO—,
*¥_CO—0—, ¥*—0—CO—0—, ¥*—-S— * N(R)—,
¥ CH,—, ¥*—CH—CH— or **—C=C— in which the
symbol ** indicates the position at which the moiety is con-
nected to Q7 side.

[0080] L>* is preferably **—O—, #*—0—CO—,
®_C0—0—,  *_0-CO—0—,  *_ CH—,
¥ __CH—CH— or **—C—C—, more preferably
#_O_  ¥_0_CO—, *_0_CO—O— or

**__CH,—. R represents a C,-C; alkyl group.

[0081] T.*? represents a divalent connecting group selected
from the group consisting of —O0—, —S—, —C(—=0)—,
—NH—, —CH,—, —CH—CH—, —C=C— and combi-
nation thereof. The hydrogen atom in —NH—, —CH,—and
—CH—CH— may be substituted by substituents. Preferred
examples of the substituents include halogen atoms, cyano
groups, nitro groups, C,-Cg alkyl groups, C,-C, halogen-
substituted alkyl groups, C,-C alkoxy groups, C,-C acyl
groups, C,-C alkylthio groups, C,-C4acyloxy groups, C,-C
alkoxycarbonyl groups, carbamoyl groups, C,-Cg alkyl-sub-
stituted carbamoy] group, and C,-C acylamino groups. Pre-
ferred among these substituents are halogen atoms and C,-C
alkyl groups.

[0082] L* is preferably selected from the group consisting
of —O0— —(C(=0)—, —CH,—, —CH=—CH—,
—(C=C— and combination thereof. L* preferably has from
1 to 20 carbon atoms, more preferably from 2 to 14 carbon
atoms. Further, L** preferably has from 1 to 16 —CH,-
groups, more preferably from 2 to 12 —CH,— groups.
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[0083] QI represents a polymerizable group or hydrogen
atom. In the case where the liquid crystal compound to be
used in the invention is used in the optically compensatory
sheet or other materials the retardation of which is preferably
not subject to thermal change, Q" is preferably a polymeriz-
able group. The polymerization reaction is preferably addi-
tion polymerization (including ring-opening polymerization)
or condensation polymerization. In other words, the polymer-
izable group is preferably a functional group that can undergo
addition polymerization or condensation polymerization
reaction. Examples of these polymerizable groups will be
given below.

O meo o I
3 C,H C
HZC/ NG \Cé ~ 2 5\C¢ N
H H
CH; cl
. ! ;
n-Cakly = =
\g/ N e N me? N
HyC ¢ !
3 Z N
SN /fc\ /\
CHj ~ ~
0
V4 V4
—sSH —OH —NH, —C —s
\ 7\
oHn 0 ou
N=C=0 N=(C==S§

[0084] Further, the polymerizable group is particularly
preferably a functional group that can undergo addition poly-
merization reaction. Such a polymerizable group is prefer-
ably a polymerizable ethylenically unsaturated group or ring-
opening polymerizable group.

[0085] Examples of the polymerizable ethylenically unsat-
urated group include those represented by the following for-
mulae (M-1) to (M-6).

M-1)
CH,=—=CH

C—0—
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-continued
(M-2)
CH;
CH2:<
//c—o—
0
(M3)
CH,=CH
\C—N—
7|
0
(M4)
CH;
/
CHy=—C
\C—N—
7 |
Y R
CH,=CH 0 (M)
TN/
0—C
\
CH (M0
N

[0086] In the formulae (M-3) and (M-4), R represents a
hydrogen atom or alkyl group, preferably a hydrogen atom or
methyl group.

[0087] Preferred among the formulae (M-1) to (M-6) is
(M-1) or (M-2). (M-1) is more desirable.

[0088] Thering-opening polymerizable group is preferably
a cyclic ether group, more preferably an epoxy group or
oxetanyl group, most preferably an epoxy group.

[0089] Theliquid crystal compound to be used in the inven-
tion is particularly preferably a liquid crystal compound rep-
resented by the following formula (DIT).

Formula (DII)
R3l

Y33J\3731
L.
R33J\

Y32 R32

[0090] Inthe formula (DII),Y>!,Y>*and Y*? each indepen-
dently represent a methine or hydrogen atom and have the
same meaning as Y'*, Y'*and Y"* in the formula (DI), respec-
tively, including their preferred range.

[0091] Inthe formula (DII), R*, R3* and R** each indepen-
dently represent one represented by the following formula
(DII-R).
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Formula (DII-R)

31
YA
/>_Q317L31_L32_Q3‘

3
X2

[0092] In the formula (DII-R), A** and A*? each indepen-
dently represent a methine or nitrogen atom. At least one of
A and A* is preferably a nitrogen atom. More preferably,
both A*! and A*? are each a nitrogen atom. X represents an
oxygen atom, sulfur atom, methylene or imino, preferably
oxygen atom.

[0093] Q31 represents adivalent connecting group having a
6-membered cyclic structure (hereinafter occasionally
referred to as “6-membered cyclic group”). The 6-membered
ring may be a condensed ring. However, a monocycle is
preferred to condensed ring. The ring contained in the
6-membered cyclic group may be any of aromatic ring, ali-
phatic ring and heterocyclic group. Preferred examples of the
aromatic ring include benzene ring and naphthalene ring.
Preferred examples of the aliphatic ring include cyclohexane
ring. Examples of the heterocyclic group include pyridine
ring and pyrimidine ring.

[0094] Preferred examples of the 6-membered cyclic group
having benzene ring represented by Q*' include 1,4-phe-
nylene and 1,3-phenylene. Preferred examples of cyclic
group having naphthalene ring include naphthalene-1,5-diil
and naphthalene-2,6-diil. The cyclic group having cyclohex-
ane ring is preferably 1,4-cyclohexylene. The cyclic group
having pyridine ring is preferably pyridine-2,5-diil. The
cyclic group having pyrimidine ring is preferably pyrimidine-
2,5-diil. Particularly preferred among these groups are 1,4-
phenylene and 1,3-phenylene.

[0095] The cyclic structure represented by Q>' may have
substituents. Examples of the substituents include halogen
atoms (fluorine, chlorine, bromine, iodine), cyano groups,
nitro groups, C,-C,, alkyl groups, C,-C, alkenyl groups,
C,-C,¢ alkynyl groups, C,-C,, halogen-substituted alkyl
groups, C,-C, ; alkoxy groups, C,-C, ; acyl groups, C,-C
alkylthio groups, C,-C, ¢ acyloxy groups, C,-C, ; alkoxycar-
bonyl groups, carbamoyl groups, C,-C,, alkyl-substituted
carbamoyl group, and C,-C, ; acylamino groups. Preferred
among these substituents on the 6-membered cyclic group are
halogen atoms, cyano groups, C,-Cg alkyl groups, and C,-Cg
halogen-substituted alkyl groups. More desirable among
these substituents are halogen atoms, C,-C, alkyl groups, and
C,-C, halogen-substituted alkyl groups. Even more desirable
among these substituents are halogen atoms, C,-C; alkyl
groups and trifluoromethyl groups.

[0096] The suffix n® represents an integer of from 1 to 3,
preferably 1 or 2.

[0097] L*' represents *—O—, *—0—CO—, *—CO—
0 .,* 0 CO 0O ,* S * NR . * CH ,*
CH—CH— or *—C=C— (in which R represents a C,-C,
alkyl group). The symbol * indicates the position at which the
moiety is connected to Q*! side. L*" has the same meaning as
1*? in the formula (DI-R), including their preferred range.
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[0098] 1.3? represents a divalent connecting group selected
from the group consisting of —O0—, —S—, —C(=0}—,
—NH—, —CH,—, —CH—CH—, —C=C—, and combi-
nation thereof. In some detail, L** has the same meaning as
123 in the formula (DI-R), including their preferred range.
[0099] Q%2 in the formula (DII-R) represents a polymeriz-
able group or hydrogen atoni. In some detail, Q*° has the same
meaning as Q1 in the formula (DI-R), including their pre-
ferred range.

[0100] Specific examples of the liquid crystal compounds
represented by the formulae (DI) and (DII) will be given
below, but the invention is not limited thereto. JP-A-11-
316378 discloses various discotic liquid crystal compounds
which can be used in combination with the following liquid
crystal compounds.

R
R R
o—
e AN
N
X
X= —O0CH, D-1
—O0CsH,, D-2
—O0CgH 3 D-3
—O0C;H;s D4
—O0CsH, D5
——OCH,CH(CH3)C4Hy D-6
—O(CH;),0COCH =CH, D-7
—O(CH,);0COCH=CH, D-8
—O(CH,);0COCH=CH, D-9
—O(CH,);0COCH=CH, D-10
—O(CH;)s0OCOCH=CH, D-11
—O(CH,);0COCH=CH, D-12
—O(CH,){0COCH=CH, D-13
—O(CH,),C(CH;) OCOCH=CH, D-14
—O(CH,);C(CH;)OCOCH=CH, D-15
—O(CH,CH,0),COCH=CH, D-16
—O(CH,),0CO0C=CH, D-17
CH;
—O(CH,),0COCH ==CHCH; D-18
OCH=CH, D-19
—O(CH:);—CH—CH, D-20
\/
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-continued
R
R R
O0—N
N
X
——0C0OC,H, D21
—0COCsH], D-22
—0COCeH 5 D-23
—0CO(CH,),0COCH=CH, D-24
——0CO(CH,);0C0CH=CH, D-25
——0CO(CH,);0COCH=CH, D-26
——0CO(CH»)s0C0CH=CH, D-27
—0CO(CH,)(OCOCH=CH, D-28
—0CO(CH,);0COCH=CH, D-29
——0CO(CH»),C(CH;)OCOCH=CH, D-30
——0CO(CH,),0C0C==CH, D-31
CHj;
—0CO(CH,);0COCH=CHCH; D-32
——0CO(CH,),0CH=CH, D-33
—0CO(CHy)y—CH—CH, D-34
\/
R
R R
O0—N
N
X
—0C00C,Hy D-35
—0CO0CSH,, D-36
—0C00CH,; D-37
—0COO(CH,),0COCH=CH, D-38
—0CO0(CH,);0COCH=CH, D-39
—0COO(CH,),0COCH==CH, D-40
—0CO0(CH,);0COCH=CH, D41
—OCOO(CH,)¢OCOCH=—=CH, D-42
——0COO(CH,);OCOCH==CH, D-43
—— 0CO0C(CH,)CH,CH,0C0CH=CH, D-44
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-continued -continued
R
——0CO0C(CH,CH,0),COCH=CH, D-45
—O0CO0(CH,),0COC=CH, D-46
CH;
R R
—0COO0(CHy)»OCOCH=CHCHj D-47 N
—O0CO0(CH,),OCH=CH, D-48 /L \
—O0CO0(CH, )y —CH—CH, D-49 R= \N
o]
F
X = —0COC4H, D-70
—O0COCsH, D-71
R
—0COCgH,; D-72
—0CO(CH,),0COCH=CH, D-73
—O0CO(CH,);0COCH=CH, D-74
R R —0CO(CH,),0COCH=CH, D-75
0—N —0CO(CH,)s0COCH=CH, D-76
R /& \ —O0CO(CH,)s0COCH=CH, D-77
N - —0CO(CH,)70COCH=CH, D-78
F
X=——0CHy D-50 —0CO(CH,),C(CH;)OCOCH=CH, D-79
—OCsH), D-51 —O0CO(CH,)»,0C0C=CH, D-80
—OCH; D-52 CH,
—OGHs D-53 —0CO(CH:),0COCH=CHCH; D-81
—OCsHy D-54 —O0CO(CH,);OCH=CH, D-82
—OCH,CH(CH;)C4Hy D-55 — 0CO(CHy)—CH~CH, D83
—0(CH,),0COCH=CH, D-56 \O/
—O0(CH,);0COCH=CH, D-57
—O0(CH,)40COCH=CH, D-38
R
—O0(CH,)s0COCH=CH, D-59
—O(CH,)s0COCH=CH, D-60
—0(CH,);0COCH=CH, D-61
R R
—O0(CH,)s0COCH=CH, D-62
0—N
—O(CH,LC(CH3)OCOCH=CH, D-63 /4 \
—O(CH,);C(CH3)OCOCH=CH, D-64 R= \N
—0(CH,CH,0),COCH=CH, D-65 X
—O0(CH,)40COC=CH, D-66 F
X = —0CO0C,Hy D-84
CH;
—O0CO0CsH; D-85
—0(CH,);0COCH=CHCH; D-67
—O0CO0CgH 3 D-86
—O(CH,)40CH=CH, D-68
—O0(CH,)y—CH—CH, D-69

6]
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-continued
——0COO(CH,),0COCH=CH,

—0COO(CH,);0COCH=CH,
—0COO(CH,},0COCH=CH,
——0CO0(CH,)s0CO0CH=CH,
—0COO(CH,)0OCOCH=CH,
——0COO(CH,);OCOCH=CH,

—0CO0C(CH,)CHLCILOCOCH=C,
— 0CO0C(CH;CH;0),CO0CH=CH,

—0C0O0(CH,),0C0C==CH,

CH,

—0C0O0(CH,},0COCH=CHCH,;

—0CO0(CH, 4 OCH==CH,
—O0COO(CH,);—CH~CH,
\/
0
R

—0CH,

—OCsH;

—OCgH 3

—O0C;H,5

—O0CgH )7

—— OCH,CH(CH;)C4H
—O(CH,),0COCH==CH,
—O(CH,);0COCH=CH,
—O(CH,),0COCH=CH,
—O(CH,){0COCH=CH,
—O(CH,)0COCH=CH,
—O(CH,),0COCH=CH,
—O(CH,)0COCH=CH,
——O(CH;),C(CH;)OCOCH=CH,
——O(CH,);C(CH;)OCOCH=CH,
— O(CH;CH,0),COCH=CHj,
—O(CH,),0COC=CH,

CH;
—O(CH,),0C0CH=CHCH;
—O(CH;):0CH==CH,

O(CH,)y C{I /CH2

D-87
D-88
D-89
D-90
D-91
D-92
D-93
D-94
D-95

D-96
D-97
D-98

D-99

D-100
D-101
D-102
D-103
D-104
D-105
D-106
D-107
D-108
D-109
D-110
D-111
D-112
D-113
D-114
D-115

D-116
D-117
D-118
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-continued

X = —OCOC,H,
—0COCsH,
—0COCsH 3
—0CO(CH»),0COCH=CH,
—0CO(CH,);0C0CH=CH,
——0CO(CH,)s0COCH=CH,
——0CO(CH,)s0COCH=CH,
—0CO(CH,)s0COCH=CH,
—0CO(CH,);0COCH=CH,
——0CO(CH,),C(CH;)OCOCH==CH,
——0CO(CH,),000C=CH,

CH;
—0CO(CH,),0COCH=—CHCHj;
——0CO(CH,),0CH==CH,
——0CO(CHy);—CH~—CH,

\/

R R

s

X = —0CO0C,H
—O0CO0CSH,,
—0CO0CH,;
——0COO(CH,),0COCH=CH,
—0COO(CH,);0COCH=CH,
—0CO0(CH,);0COCH=CH,
——0COO(CH,)s0COCH=CH,
——0COO0(CH,)0COCH==CH,

D-119
D-120
D-121
D-122
D-123
D-124
D-125
D-126
D-127
D-128
D-129

D-130
D-131
D-132

D-133
D-134
D-135
D-136
D-137
D-138
D-139
D-140
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-continued
——0COO(CH,);OCOCH=CH,

—0COO0C(CH;)CHCH,OCOCH=CL,
——0COO0C(CH,CH,0),COCH=CH,
—0COO(CH,);0COC=CH,

CH,
—0COO(CH,),0COCH=CHCH;
—0COO(CH,);,OCH=CH,
—0COO(CH,)3—CH~CH,

\/

R R
O0—N
R= /& \
N

cl
X= —O0CsH3
—0COCsH;;
——0CO0C,Hy
—O(CH;);0COCH =CH,
—O(CH;)s0COCH =CH,
——0CO(CHy);0COCH=CH,
——0CO(CH,),0COCH=CH,
——0COO(CH,),0COCH=CH,
—0COO(CH,);0COCH=CH,
R

R R
O—N
o A
N

Br

X=—0CH;

—0COCsHy;

——0CO0C4Hy

—0O(CH,),0COCH=CH,

—0(CH,)sOCOCH=CH,

—OCO(CH,);0COCH=—=CH,

—OCO(CH,)4O0COCH=CH,

—0COO0(CH,},OCOCH=CH,

—0COO0(CH,),O0COCH=CH,

D-141
D-142
D-143
D-144

D-145
D-146
D-147

D-148
D-149
D-150
D-151
D-152
D-153
D-154
D-155
D-156

D-157
D-158
D-159
D-160
D-161
D-162
D-163
D-164
D-165

11

Apr. 16,2009

-continued

R

Me
X=—0Ce¢H3
—0COCsHy;
—0CO0CHy
—0O(CH,),0COCH=CH,
—0(CH,)sOCOCH=CH,
——0CO(CH,);0COCH=—CH,

——0CO(CH:)40COCH=CH,
——0COO(CH,),0COCH=CH,
——0COO(CH,);0COCH=CH,

CFy

X= —O0CH,;

—0COCsH]

—0CO0C,Hs

—O(CH,);0COCH=CH,

—O(CH,)(0COCH=CH,

——0CO(CHy);0C0CH=CH,

——0CO(CH,),0COCH=CH,

—0COO(CH,),0COCH=CH,

—0COO(CH,);0COCH=CH,

D-166
D-167
D-168
D-169
D-170
D-171

D-1712
D-173
D-174

D-175
D-176
D-178
D-179
D-180
D-181
D-182
D-183
D-184
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-continued

X= —O0CgH3
—O0COCsH,,
——0CO0C,H,
—O(CH,);0COCH=CH,
——O(CH;)sOCOCH =CH,
—0CO(CH,);0COCH=CH,
——0CO(CH:)s0COCH=CH,
——0COO0(CH,),0COCH=CH,
——0COO(CH,),0COCH=CH,

X= _OC5H13
_OCOC5H11
——0C00C,H,

—O(CH:);0COCH =CH,
——O(CH,)¢OCOCH =CH,
—0CO(CH,);0COCH=CH,
——0CO(CH:)s0COCH=CH,
——0COO(CH,),0COCH=CH,
——0COO(CH,),0COCH=CH,

D-185
D-186
D-187
D-188
D-189
D-190
D-191
D-192
D-193

D-194
D-195
D-1%

D-197
D-198
D-199
D-200
D-201
D-202

12

-continued
R

X= —0CdH,;
—0COCsH,;
—0CO0C,H,
—O(CH,);0COCH=CH,
—O(CHy)¢OCOCH=CH,
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(Rod-Shaped Liquid Crystal Compound)

[0101] Inthe invention, as the liquid crystal molecule there
may be used a rod-shaped liquid crystal molecule.

[0102] As rod-shaped liquid crystal molecules there are
preferably used azomethines, azoxys, cyanobiphenyls,
cyanophenylesters, benzoic acid esters, cyclohexanecar-
boxylic acid phenylesters, cyvanophenylcyclohexanes, cyano-
substituted phenylpyrimidines, alkoxy-substituted phenylpy-
rimidines, phenyldioxanes, tolanes or
alkenylcyclohexylbenzonitriles. Not only the aforemen-
tioned low molecular liquid crystal molecules but also poly-
mer liquid crystal molecules can be used. It is preferred that
the rod-shaped liquid crystal molecules be fixed aligned by
polymerization. As polymerizable rod-shaped liquid crystal
molecules there may be used compounds disclosed in “Mak-
romol. Chem., vol. 190, page 2,255 (1989), “Advanced Mate-
rials”, vol. 5, page 107 (1993), U.S. Pat. Nos. 4,683,327,
5,622,648 and 5,770,107, World Patent (WO) 95/22586,
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95/24455, 97/00600, 98/23580 and 98/52905, IP-A-1-
272551, JP-A-6-16616, JP-A-7-110469, IP-A-11-80081,
and Japanese Patent Application No. 2001-64627.

[0103] More preferably, a compound represented by the
following formula (I) is used.

Q1-L'-Cyl-L2-(Cy2-L3)n-Cy3-L4-Q2 )

wherein Q1 and Q2 each independently represents a polymer-
izable group; L1 and 1.4 each independently represents a
divalent connecting group; L* and L? each independently
represents a single bond or divalent connecting group; Cyl,
Cy2 and Cy3 each represents a divalent cyclic group; and n
represents 0, 1 or 2.

[0104] The polymerization reaction of the polymerizable
group is preferably addition polymerization (including ring-
opening polymerization) or condensation polymerization. In
other words, the polymerizable group is preferably a func-
tional group that can undergo addition polymerization or
condensation polymerization reaction. Examples of these
polymerizable groups will be given below.

QD

—CH=CH,
Q-2
—CH=CH—CE;
Q-3
—CH=CH—C,Hs
Q-4
—CH=CH—n-C3H,
Q-5
—C=—CH,
CH;
Q-6
—CH=—(C—CH;
CH,
— Q7N
—C=CH
Q-9
O
/\
—CH-CE,
Q9
H
N
/\
—CH-CH,
(Q-10)
—SH
Q11
—CHO
Q12
—0OH
Q13
—CO,H
Q14)
—N=C=0
(Q-15)
_NH2
(Q-16)
—SO3H
Q17
— N=C=—8

[0105] The polymerizable groups (Q1 and Q2) each is an
unsaturated polymerizable group (Q-1 to Q-7), epoxy group
(Q-8) or azirinidyl group (Q-9), more preferably an unsatur-
ated polymerizable group, most preferably an ethylenically
unsaturated polymerizable group (Q-1 to Q-6).

[0106] L1 and L4 each independently represents a divalent
connecting group. [.1 and 4 each independently is a divalent
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connecting group selected from the group consisting of
—0—, —S—, —CO—, —NR2-, divalent chainlike group,
divalent cyclic group and combination thereof. R*isa C,-C,,
alkyl group or hydrogen atom.

[0107] Examples of the divalent connecting group com-
posed of the aforementioned combination will be given
below. These divalent connecting groups each is connected to
Q (Q1 or Q2) at the left side thereof and to Cy (Cy1 or Cy3)

at the right side thereof.

L-1: —CO—O-divalent chainlike group-O—

L-2: —CO—O0-divalent chainlike group-O—CO—
L-3: —CO—O-divalent chainlike group-O—CO—O—

L-4: —CO—O-divalent chainlike group-O-divalent cyclic
group

L-5: —CO—O-divalent chainlike group-O-divalent cyclic
group-CO—O—

L-6: —CO—O-divalent chainlike group-O-divalent cyclic
group-O—CO—

L-7: —CO—O-divalent chainlike group-O-divalent cyclic
group-divalent chainlike group-

L-8: —CO—O-divalent chainlike group-O-divalent cyclic
group-divalent chainlike group-CO—O—

L-9: —CO—O-divalent chainlike group-O-divalent cyclic
group-divalent chainlike group-O—CO—

L-10: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-

L-11: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-CO—O0—

L-12: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-O—CO—

[-13: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-divalent chainlike group-

L-14: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-divalent chainlike group-CO—0O—

L-15: —CO—O-divalent chainlike group-O—CO-divalent
cyclic group-divalent chainlike group-O—CO—

L-16: —CO—O-divalent chainlike group-O—CO—O-diva-
lent cyclic group-

L-17: —CO—O-divalent chainlike group-O—CO—O-diva-
lent cyclic group-CO—O—

L-18: —CO—0-divalent chainlike group-O—CO—O0O-diva-
lent cyclic group-O—CO—

L-19: —CO—0-divalent chainlike group-O—CO—O0-diva-
lent cyclic group-divalent chainlike group-

L-20: —CO—O-divalent chainlike group-O—CO—O0O-diva-
lent cyclic group-divalent chainlike group-CO—O—

L-21: —CO—O-divalent chainlike group-O—CO—O0O-diva-
lent cyclic group-divalent chainlike group-O—CO—

[0108] The term “divalent chainlike group” as used herein
is meant to indicate alkylene group, substituted alkylene
group, alkenylene group, substituted alkenylene group, alki-
nylene group or substituted alkinylene group. Preferred
among these divalent chainlike groups are alkylene group,
substituted alkylene group, alkenylene group and substituted
alkylene group. More desirable among these divalent chain-
like groups are alkylene group and alkenylene group.

[0109] The alkylene group may be branched. The number
of carbon atoms in the alkylene group is preferably from 1 to
12, more preferably from 2 to 10, even more preferably from
2to8.

[0110] The alkylene moiety of the substituted alkylene
group is the same as in the aforementioned alkylene group.
Examples of the substituents on the alkylene group include
halogen atoms.
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[0111] The alkenylene group may be branched. The num-
ber of carbon atoms in the alkenylene group is preferably
from 2 to 12, more preferably from 2 to 10, even more pref-
erably from 2 to 8.

[0112] Thealkenylene moiety of the substituted alkenylene
group is the same as in the aforementioned alkenylene group.
Examples of the substituents on the alkenylene group include
halogen atoms.

[0113] Thealkinylene group may be branched. The number
of carbon atoms in the alkinylene group is preferably from 2
to 12, more preferably from 2 to 10, even more preferably
from 2 to 8.

[0114] The alkinylene moiety of the substituted alkinylene
group is the same as in the aforementioned alkinylene group.
Examples of the substituents on the alkinylene group include
halogen atoms.

[0115] Specific examples of the divalent chainlike group
include ethylene, trimethylene, propylene, tetramethylene,
1-methyl-tetramethylene, pentamethylene, hexamethylene,
octamethylene, 2-butenylene, and 2-butinylene.

[0116] The definition and examples of the divalent cyclic
group are the same as that of Cy1, Cy2 and Cy3 described
later.

[0117] R2 is preferably a C,-C, alkyl group or hydrogen
atom, more preferably methyl group, ethyl group or hydrogen
atom, even more preferably hydrogen atom.

[0118] L2 and L3 each independently represents a single
bond or divalent connecting group. L2 and L3 each indepen-
dently is preferably a divalent connecting group or single
bond selected from the group consisting of —O—, —S—,
—CO—, —NR2-, divalent chainlike group, divalent cyclic
group and combination thereof. R2 is a C,-C, alkyl group or
hydrogen atom, preferably a C,-C, alkyl group or hydrogen
atom, even more preferably methyl group, ethyl group or
hydrogen atom, most preferably hydrogen atom. The divalent
chainlike group and divalent cyclic group are as defined
above with reference to L1 and L4.

[0119] Inthe formula (I), n represents O, 1 or 2. When n is
2, the two L3’s may be the same or different and the two Cy2’s
may be the same or different. The suffix n is preferably 1 or 2,
more preferably 1.

[0120] Inthe formula (1), Cyl, Cy2 and Cy3 each indepen-
dently is a divalent cyclic group. The ring contained in the
cyclic group is preferably a 5-membered ring, 6-membered
ring or 7-membered ring, more preferably a 5-membered ring
or 6-membered ring, even more preferably a 6-membered
ring.

[0121] The groups contained in the cyclic group may be
condensed rings. However, monocyclic groups are preferred
to condensed rings.

[0122] The rings contained in the cyclic group may be any
of aromatic ring, aliphatic ring and heterocycle. Examples of
the aromatic ring include benzene ring, and naphthalene ring.
Examples of the aliphatic ring include cyclohexane ring, and
bicyclooctane ring. Examples of the heterocycle include pyri-
dine ring, pyrimidine ring, and thiophene ring.

[0123] Preferred examples of the cyclic group include 1,4-
phenylene, naphthalene-1,5-diil, naphthalene-2,6-diil, pyri-
dine-2,5-diil, pyrimidine-2,5-diil, thiophene-2,5-diil, 1,4-cy-
clohexylene, and [2,2,2] bicyclooctane-1,4-diil. Particularly
preferred among these cyclic groups are 1,4-phenylene and
1,4-cyclohexylene.

[0124] The aforementioned cyclic group may have sub-
stituents. Examples of the substituents on the cyclic group
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include halogen atoms, cyano groups, nitro groups, C,-Cs
alkyl groups, C,-C; halogen-substituted alkyl groups, C,-Cs
alkoxy groups, C,-Cs alkylthio groups, C,-Cs acyl groups,
C,-C; acyloxy groups, C,-C4 alkoxycarbonyl groups, car-
bamoyl groups, C,-C, alkyl-substituted carbamoyl groups,
and C,-C, amide groups.

[0125] Theliquid crystal compound to be used in the inven-
tion preferably develops a liquid crystal phase that shows
good mono-domain properties. By providing good mono-
domain properties, a polydomain structure can be obtained to
effectively prevent the occurrence of alignment defects on the
border of domains that cause light scattering. Further, when
good mono-domain properties are provided, the retarder plate
has a higher light transmission to advantage.

[0126] Examples of the liquid crystal phase developed in
the liquid crystal compound to be used include columnar
phase and nematic phase. Most desirable among these liquid
crystal phases is nematic phase, which exhibits good mono-
domain properties and can be hybrid-aligned.

[0127] In the invention, the wavelength dispersion proper-
ties of the liquid crystal molecules to be used in the liquid
crystal cell of the liquid crystal display device and the wave-
length dispersion properties of the optical film are allowed to
coincide with each other to enhance the display properties of
the liquid crystal display device. In order to control the wave-
length dispersion properties of the optical film, a plurality of
liquid crystal compounds having different structures are used
in combination. The term “different structures” as used herein
is meant to indicate different absorption wavelengths. In
some detail, a liquid crystal compound having a maximum
absorption wavelength of preferably from 200 nm to 260 nm,
more preferably from 200 nm to 250 nm, and a liquid crystal
compound having an absorption wavelength of preferably
from 260 nm to 320 nm, more preferably from 270 nm to 320
nm are preferably used in admixture. For the measurement of
the absorption wavelength of a compound, a type UV3150
spectrophotometer (produced by Shimadzu Corporation) can
be used.

[0128] Supposing that the retardation of the optically aniso-
tropic layer 1 formed by a plurality of liquid crystal com-
pounds is Re(A), Re (450)/Re (650) is preferably 1.25 or less,
more preferably 1.22 or less, even more preferably 1.20 or
less.

[0129] When Re (450)/Re (650) falls within the above
defined range, an effect can be exerted of increasing the width
of control over the gap between the pixels or the applied
voltage during the design of the liquid crystal panel.

[0130] In hybrid alignment, the angle of the physically
symmetrical axis of the liquid crystal compound of the inven-
tion with respect to the surface of the optically anisotropic
layer 2, i.e., tilt angle increases or decreases with the rise of
the distance from the surface of the polarizing film in the
thickness direction of the optically anisotropic layer (i.e.,
perpendicular to the optically anisotropic layer 2). The tilt
angle preferably decreases with the rise of the distance. The
change of tilt angle may include continuous increase, con-
tinuous decrease, intermittent increase, intermittent decrease,
change involving continuous increase and continuous
decrease, and intermittent change involving increase and
decrease. The intermittent change contains a region in the
course in the thickness direction where the tilt angle shows no
change. Even when a region having no change of'tilt angle is
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included, it suffices if the tilt angle changes as a whole.
However, the tilt angle preferably shows a continuous
change.

[0131] In general, the average of physically symmetrical
axis of discotic liquid crystal compound can be adjusted by
properly selecting the material of discotic liquid crystal com-
pound or alignment film or by properly selecting the rubbing
method. Further, the physically symmetrical axis of the dis-
cotic liquid crystal compound on the surface side (air side)
can be adjusted by properly selecting the kind of the discotic
liquid crystal compound or the additives to be used therewith.
[0132] Examples of the additives to be used with the dis-
cotic liquid crystal compound include plasticizers, surface
active agents, polymerizable monomers, polymers, and low
molecular compounds. The degree of change of alignment
direction of major axis can be adjusted by selecting the liquid
crystal compound and the additives as mentioned above.
[0133] Astheplasticizer and polymerizable monomerto be
used with the liquid crystal compound of the invention there
are used materials which are compatible with the liquid crys-
tal compound of the invention and can provide the discotic
liquid crystal compound with a change of tilt angle or doesn’t
impair the alignment of the discotic liquid crystal compound.
[0134] Theliquid crystal compound to be used in the inven-
tion preferably develops a liquid crystal phase at a tempera-
ture of from 20° C. to 300° C., more preferably from 40° C. to
280° C., most preferably from 60° C. to 250° C. The term “to
develop a liquid crystal phase at a temperature of from 20° C.
to 300° C.” as used herein is meant to indicate that the liquid
crystal temperature extends across 20° C. (specifically, 10° C.
to 22°C.) or across 300° C. (specifically, 298° C. to 310° C.).
This applies also to the temperature range of from 40° C. to
280° C. and from 60° C. t0 250° C.

[0135] The surface active agent is preferably a fluorine-
based compound. For the details of surface active agents,
reference can be made to JP-A-2001-330725.

[0136] The polymer and low molecular compound prefer-
ably provide the tilt angle of the discotic compound with a
change.

[0137] The polymer is preferably a cellulose ester. For the
details of cellulose esters, reference can be made to JP-A-
2000-155216, paragraph [0178]. In order that the alignment
of the discotic compound might not be impaired, the added
amount of the polymer is preferably from 0.1 to 10% by mass,
more preferably from 0.1 to 8% by mass based on the discotic
compound. (In this specification, mass ratio is equal to weight
ratio.)

[0138] The optically anisotropic layer 1 can be formed by
spreading a coating solution containing a liquid crystal com-
pound and optionally a polymerization initiator described
later and arbitrary components over the alignment film.

[0139] As the solvent to be used in the preparation of the
coating solution there is preferably used an organic solvent.
Examples of the organic solvent employable herein include
amides (e.g., N,N-dimethylformamide), sulfoxides (e.g.,
dimethy! sulfoxide), heterocyclic compounds (e.g., pyri-
dine), hydrocarbons (e.g., benzene, hexane), alkyl halides
(e.g., chloroform, dichloromethane, tetrachloroethane),
esters (e.g., methyl acetate, butyl acetate), ketones (e.g.,
acetone, methyl ethyl ketone), and ethers (e.g., tetrahydro-
furane, 1,2-dimethoxyethane). Preferred among these sol-
vents are alkyl halides and ketones. Two or more organic
solvents may be used in combination.
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[0140] The spreading of the coating solution is accom-
plished by any known method (e.g., wire bar coating method,
extrusion coating method, direct gravure coating method,
reverse gravure coating method, die coating method).

[0141] The thickness of the optically anisotropic layer 1 is
preferably from 0.1 pum to 20 pm, more preferably from 0.3
um to 10 um, most preferably from 0.5 um to 5 um.

[0142] The liquid crystal compound thus aligned can then
be fixed aligned. The fixing of alignment is preferably accom-
plished by polymerization reaction. As the polymerization
reaction there may be used heat polymerization reaction
involving the use of a heat polymerization initiator or photo-
polymerization reaction involving the use of a photopolymer-
ization initiator. The photopolymerization reaction is pre-
ferred.

[0143] Examples of the photopolymerization initiator
employable herein include a-carbonyl compounds (as dis-
closed in U.S. Pat. Nos. 2,367,661 and 2,367,670), acyloin
ethers (as disclosed in U.S. Pat. No. 2,448,828), a-hydrocar-
bon-substituted aromatic acyloin compounds (as disclosed in
U.S. Pat. No. 2,722,512), polynucleus quinone compounds
(as disclosed in U.S. Pat. Nos. 3,046,127 and 2,951,758),
combination of triaryl imidazole dimer and p-aminophenyl
ketone (as disclosed in U.S. Pat. No. 3,549,367), acrydine and
phenazine compounds (as disclosed in JP-A-60-105667 and
U.S. Pat. No. 4,239,850), and oxadiazole compounds (as
disclosed in U.S. Pat. No. 4,212,970).

[0144] The amount of the photopolymerization initiator to
be used is preferably from 0.01 to 20% by mass, more pref-
erably from 0.5 to 5% by mass based on the solid content in
the coating solution.

[0145] As the light with which the liquid crystal molecules
are irradiated to undergo polymerization there is preferably
used ultraviolet ray.

[0146] The radiation energy is preferably from 20 mJ/cm?®
to 50 J/em®, more preferably from 20 mJ/em? to 5,000 J/em?,
most preferably from 100 mJ/cm? to 800 mJ/cm?. In order to
accelerate photopolymerization reaction, the irradiation with
light may be effected under heating.

[0147] A protective layer may be provided on the optically
anisotropic layer 1.

(Optically Anisotropic Layer 2)

[0148] The optically anisotropic layer 2 is composed of at
least one sheet of polymer film. A plurality of polymer films
may be used to form an optically anisotropic layer 2 having
the optical anisotropy defined herein. However, the optical
anisotropy defined herein can be realized with one sheet of
polymer film. Accordingly, the optically anisotropic layer2 is
particularly preferably composed of one sheet of polymer
film.

[0149] Specifically, the optically anisotropic layer 2 pref-
erably exhibits an Rth retardation value of from 100 nm to 300
nm, more preferably from 150 nm to 200 nm at a wavelength
of 550 nm. The optically anisotropic layer 2 preferably exhib-
its an Re retardation value of from 30 nm to 60 nm, more
preferably from 35 nm to 50 mm.

[0150] The polymer constituting the optically anisotropic
layer 2 is preferably a cellulose-based polymer, more prefer-
ably a cellulose ester, even more preferably a lower aliphatic
ester of cellulose. The term “lower aliphatic acid” as used
herein is meant to indicate an aliphatic acid having 6 or less
carbon atoms. The polymer is preferably a C,-C, cellulose
acylate, particularly preferably a cellulose acetate. A mixed
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aliphatic acid ester such as cellulose acetate propionate and
cellulose acetate butyrate may be used.

[0151] The viscosity-average polymerization degree (DP)
of the cellulose acetate is preferably 250 or more, more pref-
erably 290 or more. The cellulose acetate preferably has a
sharp molecular mass distribution Mw/Mn (in Mw represents
mass-average molecular mass and Mn represents a number-
average molecular mass) as determined by gel permeation
chromatography. In some detail, Mw/Mn is preferably from
1.00 to 1.70, more preferably from 1.30 to 1.65, most prefer-
ably from 1.40 to 1.60.

[0152] The percent acetylation of cellulose acetate is pref-
erably from 55.0% to 62.5%, more preferably from 57.0% to
62.0%. The term “percent acetylation” as used herein is
meant to indicate the mass of acetic acid bonded per mass of
glucopyranose unit. The percent acetylation is determined by
the measurement and calculation of acylation degree accord-
ing to ASTM: D-817-91 (testing method on cellulose acylate,
etc.).

[0153] A cellulose acylate tends to have hydroxyl group
substituted less in the 6-position rather than uniformly in the
2-position, 3-position and 6-position. The cellulose acylate to
be used in the invention preferably has a cellulose substitution
degree in the 6-position which is the same as or greater that
that in the 2- and 3-positions.

[0154] The proportion of the substitution degree in the
6-position in the sum of the substitution degree in the 2-, 3-
and 6-positions is preferably from 30% to 40%, more prefer-
ably from 31% to 40%, most preferably from 32% to 40%.
The substitution degree in the 6-position is preferably 0.88 or
more.

[0155] For the details of cellulose acylate and its synthesis
method, reference can be made to Kokai Giho No. 2001-
1745, page 9, Japan Institute of Invention and Innovation.

[0156] In order to adjust the retardation value of cellulose
acetate, it is normally practiced to apply an external force
such as stretching to the cellulose acetate. A retardation devel-
oper may be added to adjust the optical anisotropy of the
cellulose acetate. As the retardation developer there is pref-
erably used an aromatic compound having at least two aro-
matic rings. The aromatic compound is preferably used in an
amount of from 0.01 to 20 parts by mass based on 100 parts by
mass of the polymer. Two or more aromatic compounds may
be used in combination. Examples of the aromatic ring in the
aromatic compound include aromatic heterocycles in addi-
tion to aromatic hydrocarbon rings.

[0157] For the details of retardation developer, reference
can be made to European Patent Application Disclosure No.
0911656, JP-A-2000-111914 and JP-A-2000-275434.

[0158] The cellulose acetate film preferably exhibits a
moisture expansion coefficient of 30x107>/% RH or less,
more preferably 15x107/% RH or less, most preferably
10x107>/% RH or less.

[0159] The moisture expansion coefficient of the cellulose
acetate film is preferably as small as possible but is normally
1.0x107°/% RH or less. The term “moisture expansion coef-
ficient” as used herein is meant to indicate the change of
length of the sample developed when the relative humidity is
changed at a constant temperature. By adjusting the moisture
expansion coefficient of the cellulose acetate film, the frame-
shaped rise of the transmission (light leakage due to strain)
can be prevented while keeping the optically-compensatory
sheet capable of optically compensating.
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[0160] For the measurement of moisture expansion coeffi-
cient, the polymer film is cut into a sample having a width of
5 mm and a length of 20 mm. The sample is then suspended
in an atmosphere of 25° C. and 20% RH (R0) with one end
fixed and the other end having a mass of 0.5 g suspended
therefrom for 10 minutes. The length (LO) of the sample is
then measured. Subsequently, the sample is suspended in an
atmosphere of 25° C. and 80% RH (R1) for 10 minutes. The
length (L") of the sample is then measured. The moisture
expansion coefficient is calculated by the following equation.
The measurement is made on 10 specimens for each sample.
The measurements are then averaged.

Moisture expansion coefficient [/% RH]={(L'-L0)/

LO}(R1-R0)
[0161] In order to reduce the dimensional change of the
cellulose acetate film with moisture, it is preferred that the
cellulose acetate film have a hydrophilic compound incorpo-
rated therein. The hydrophobic compound may be in particu-
late form. The hydrophobic compound is preferably selected
from the group consisting of plasticizers and deterioration
inhibitors. The hydrophobic compound preferably has a
hydrocarbon group (aliphatic group, aromatic group) as a
hydrophobic group. The added amount of the hydrophobic
compound is preferably from 0.01% to 10% by mass based on
the amount of the polymer solution (dope) to be prepared.
[0162] In order to reduce the dimensional change of the
polymer film with moisture, it is also effective to reduce the
free volume in the polymer film. For example, the residual
solvent content in the solvent casting method described later
can be reduced to reduce the free volume. The polymer film is
preferably dried under the conditions that the residual solvent
content in the polymer film reaches a range of from 0.01% to
1.00% by mass.
[0163] Examples of the additives to be incorporated in the
polymer film include ultraviolet inhibitors, release agents,
antistatic agents, deterioration inhibitors (e.g., oxidation
inhibitor, peroxide decomposer, radical inhibitor, metal inac-
tivator, acid scavenger, amine), and infrared absorbers.
[0164] Inthe case where the polymer film is composed of a
number of layers, the kind and added amount of additives may
differ from layer to layer. For the details of the additives,
reference can be made to Japan Institute of Invention and
Innovation’s Kokai Giho 2001-1745, pp. 16-22. The amount
of the additives to be incorporated in the polymer film is
normally from 0.001% to 25% by mass based on the amount
of the polymer film.
[0165] The cellulose acetate film is preferably produced by
a solvent casting method. In the solvent casting method, a
solution of a polymer material in an organic solvent (dope) is
used to produce a film.
[0166] Preferred examples of the organic solvent include
C;-C,,ethers, C5-C |, ketones, C,-C, 5 esters, and C, -C; halo-
genated hydrocarbons. These ethers, ketones and esters may
have a cyclic structure. A compound having two or more of
etheric, ketonic and esteric functional groups (i.e., —O—,
—CO— and —COO—) may be used as an organic solvent.
The organic solvent may have other functional groups such as
alcoholic hydroxyl group. The number of carbon atoms in the
organic solvent having two or more functional groups, if used,
may be arbitrary so far as it satisfies the requirements for
compound having any of these functional groups.
[0167] Examples of the C,-C,, ethers employable herein
include diisopropyl ether, dimethoxymethane, dimethoxy
ethane, 1,4-dioxane, 1,3-dioxolane, tetrahydrofurane, ani-

Apr. 16,2009

sole, and phenethol. Examples of the C5-C, , ketones employ-
able herein include acetone, methyl ethyl ketone. diethyl
ketone, diisobutyl ketone, cyclohexanone, and methyl cyclo-
hexanone. Examples of the C,-C, , esters employable herein
include ethyl formate, propyl formate, pentyl formate, methyl
acetate, ethyl acetate, and pentyl acetate. Examples of the
organic solvent having two or more functional groups include
2-methoxyethyl acetate, 2-methoxyethanol, and 2-butoxy-
ethanol. The number of carbon atoms in the halogenated
hydrocarbon is preferably 1 or 2, most preferably 1. The
halogen atom in the halogenated hydrocarbon is preferably
chlorine. The proportion of hydrogen atoms substituted by
halogen in the halogenated hydrocarbon is preferably from 25
mol-% to 75 mol-%, more preferably from 30 mol-% to 70
mol-%, even more preferably from 35 mol-% to 65 mol-%,
most preferably from 40 mol-% to 60 mol-%. Methylene
chloride is a representative example of halogenated hydro-
carbon. Two or more organic solvents may be used in admix-
ture.

[0168] An ordinary method may be used to prepare a cel-
lulose acetate solution. The term “ordinary method” as used
herein is meant to indicate that treatment is effected at a
temperature of not lower than 0° C. (ordinary temperature or
high temperature). The preparation of the solution can be
carried out by a method and apparatus for the preparation of
adope in ordinary solvent casting methods. In ordinary meth-
ods, as an organic solvent there is preferably used a haloge-
nated hydrocarbon (particularly methylene chloride). The
content of cellulose acetate is adjusted such that cellulose
acetate is incorporated in the resulting solution in an amount
of from 10 to 40% by mass. The content of cellulose acetate
is more preferably from 10 to 30% by mass. The organic
solvent (main solvent) may have arbitrary additives described
later incorporated therein. The cellulose acetate solution may
be prepared by stirring the cellulose acetate and the organic
solvent at ordinary temperature (0° C. to 40° C.). A high
concentration solution may be stirred under pressure and
heating. In some detail, the cellulose acetate and the organic
solvent are put in a pressure vessel which is then sealed. The
mixture is then heated to a temperature of from not lower than
the boiling point of the solvent within ordinary temperature
range to the temperature at which the solvent is not boiled
with stirring under pressure. The heating temperature is nor-
mally not lower than 40° C., preferably from 60° C. to 200°
C., more preferably from 80° C. to 110° C.

[0169] The various components may be roughly stirred
before being put in the vessel. Alternatively, these compo-
nents may be sequentially put in the vessel. The vessel needs
to be arranged to allow agitation. An inert gas such as nitrogen
gas may be injected into the vessel to press the interior of the
vessel. Alternatively, the rise in the vapor pressure of the
solvent by heating may be utilized. Alternatively, the various
components may be added under pressure after sealing the
vessel. In the case where the components are heated, the
vessel may be externally heated. For example, a jacket type
heating device may be used. Alternatively, a plate heater may
be provided outside the vessel so that the heated liquid is
circulated through a piping provided on the vessel to heat the
entire vessel. The mixture is preferably stirred by an agitating
blade provided inside the vessel. The agitating blade prefer-
ably has a length such that it reaches near the wall of the
vessel. The agitating blade is preferably terminated by a
scraper blade to renew the liquid layer on the wall of the
vessel. The vessel may have instruments such as pressure
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gauge and thermometer provided therein. The various com-
ponents are dissolved in a solvent in the vessel. The dope thus
prepared is cooled, and then withdrawn from the vessel.
Alternatively, the dope thus prepared is withdrawn from the
vessel, and then cooled by a heat exchanger or the like.
[0170] The solution may be prepared by a cold dissolution
method. In the cold dissolution method, the cellulose acetate
can be dissolved even in an organic solvent in which the
cellulose acetate can be difficultly dissolved by ordinary dis-
solution methods. Even if a solvent in which the cellulose
acetate can be dissolved by ordinary methods is used, the cold
dissolution method can exert an effect of rapidly obtaining a
uniform solution. In the cold dissolution method, the cellu-
lose acetate is gradually added to the organic solvent at room
temperature with stirring. The content of the cellulose acetate
is preferably adjusted such that the cellulose acetate is incor-
porated in the mixture in an amount of from 10 to 40% by
mass, preferably from 10 to 30% by mass. The mixture may
further comprise arbitrary additives described later incorpo-
rated therein.

[0171] Subsequently, the mixture is cooled to a temperature
of from -100° C. to -10° C. (preferably from -80° C. to -10°
C., more preferably from -50° C. to -20° C., most preferably
from -50° C. to =30° C.). The cooling of the mixture may be
effected in a dry ice-methanol bath (=75° C.) or a chilled
diethylene glycol solution (-30° C. to =20° C.). In this man-
ner, the mixture of cellulose acetate and organic solvent is
solidified. The cooling rate is preferably 4° C./min or more,
more preferably 8° C./min or more, most preferably 12°
C./min or more. The cooling rate is preferably as high as
possible. However, the theoretical upper limit of the cooling
rateis 10,000° C./sec. The technical upper limit of the cooling
rate is 1,000° C./sec. The practical upper limit of the cooling
rate is 100° C./sec. The cooling rate is obtained by dividing
the difference between the temperature at which cooling
begins and the final cooling temperature by the duration
between the time at which cooling begins and the time at
which the final cooling temperature is reached.

[0172] Further, when the mixture thus solidified is heated to
atemperature of from 0° C. to 200° C. (preferably from 0° C.
to 150° C., more preferably from 0° C. to 120° C., most
preferably from 0° C. to 50° C.), the cellulose acetate is
dissolved in the organic solvent. The temperature rise may be
carried out by allowing the mixture to stand at room tempera-
ture or by heating the mixture over a hot bath. The heating rate
is preferably 4° C./min or more, more preferably 8° C./min or
more, most preferably 12° C./min or more. The heating rate is
preferably as high as possible. The theoretical upper limit of
the heating rate is 10,000° C./sec. The technical upper limit of
the heating rate is 1,000° C./sec. The practical upper limit of
the heating rate is 100° C./sec. The heating rate is obtained by
dividing the difference between the temperature at which
heating begins and the final heating temperature by the dura-
tion between the time at which heating begins and the time at
which the final heating temperature is reached. In this man-
ner, a uniform solution is obtained. In the case where disso-
lution has been insufficiently made, cooling and heating may
be repeated. Whether or not dissolution has been insuffi-
ciently made can be judged merely by visually observing the
external appearance of the solution.

[0173] In the cold dissolution method, a sealable vessel is
preferably used to avoid the entrance of water content due to
moisture condensation. By effecting cooling step under pres-
sure and heating step under reduced pressure, the dissolution
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time can be reduced. In order to raise and reduce the pressure,
a pressure-resistant vessel is preferably used. The 20 mass %
solution having a cellulose acetate (acetylation degree:
60.9%; viscosity-average polymerization degree: 299) dis-
solved in methyl acetate by a cold dissolution method shows
a quasi-phase transition point between sol and gel at around
33°C. and becomes uniform gel at a temperature of not higher
than 33° C. Accordingly, this solution needs to be stored at a
temperature of not lower than the quasi-phase transition tem-
perature, preferably a temperature of about 10° C. higher than
the gel phase transition temperature. However, the quasi-
phase transition temperature varies with the acylation degree
and viscosity-average polymerization degree of cellulose
acetate, the concentration of the solution or the organic sol-
vent used.

[0174] The cellulose acetate solution (dope) thus prepared
canbe then subjected to solvent casting to produce a cellulose
acylate film. The dope thus prepared is casted over a drum or
band so that the solventis evaporated to form a film. The dope
to be casted is preferably adjusted in its concentration such
that the solid content is from 18 to 35% by mass. The surface
of the drum or band is preferably previously mirror-like fin-
ished. For the details of casting and drying in the solvent
casting method, reference can be made to U.S. Pat. No. 2,336,
310, U.S. Pat. No. 2,367,603, U.S. Pat. No. 2,492,078, U.S.
Pat. No. 2,492,977, U.S. Pat. No. 2,492,978, U.S. Pat. No.
2,607,704, U.S. Pat. No. 2,739,069, U.S. Pat. No. 2,739,070,
British Patent 640,731, British Patent 736,892, JP-B-45-
4554, JP-A-49-5614, JP-A-60-176834, JP-A-60-203430,
and JP-A-62-115035. The dope is preferably casted onto a
drum or band having a surface temperature of 10° C. or less.
The dope thus casted is preferably dried with an air wind for
2 or more seconds. The film thus obtained is peeled off the
drum or band, and then optionally dried with a hot air wind
having a successive temperature change from 100° C. to 160°
C. so that the residual solvent is evaporated. For the details of
this method, reference can be made to JP-B-5-17844. In this
manner, the time between casting and peeling can be reduced.
In order to execute this method, it is necessary that the dope
undergo gelation at the surface temperature of the drum or
band during casting.

[0175] The cellulose acylate solution (dope) thus prepared
may be casted into two or more layers to form a film. In this
case, a solvent casting method is preferably employed to
prepare a cellulose acylate film. In some detail, the dope is
casted over a drum or band where the solvent is then evapo-
rated to form a film. The dope which is ready to be casted is
preferably adjusted in its concentration such that the solid
content reaches a range of from 10% to 40%. The drum or
band is preferably mirror-finished.

[0176] In order to cast two or more cellulose acylate solu-
tions, a solution containing a cellulose acylate may be dis-
charged and casted from a plurality of casting nozzles capable
of casting a plurality of cellulose acylate solutions provided
apart from each other at an interval along the movement of the
support so that they are laminated to prepare a film. For
example, methods as disclosed in JP-A-61-158414, JP-A-1-
122419 and JP-A-11-198285 can be applied. Alternatively, a
cellulose acylate solution may be casted from two casting
nozzles to form a film. For example, methods as disclosed in
JP-B-60-27562, JP-A-61-94724, JP-A-61-947245, JP-A-61-
104813, JP-A-61-158413 and JP-A-6-134933 can be applied.
Further, a cellulose acylate film casting method which com-
prises wrapping a high viscosity cellulose acylate solution
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flow with alow viscosity cellulose acylate, and then extruding
the high and low viscosity cellulose acylate solutions at the
same time as disclosed in JP-A-56-162617 may be used.
[0177] Alternatively, two casting nozzles may be used such
that a film formed on a support from a first casting nozzle is
peeled off the support and a cellulose acylate solution is then
casted over the film on the side thereof in contact with the
surface of the metallic support to form a film as disclosed in
JP-B-44-20235. The cellulose acylate solutions to be casted
may be the same or different and are not specifically limited.
In order to functionalize the plurality of cellulose acylate
layers, cellulose acylate solutions corresponding to respec-
tive functions may be extruded from respective casting
nozzles. The cellulose acylate solution of the invention may
be casted at the same time with other functional layers (e.g.,
adhesive layer, dye layer, antistatic layer, antihalation layer,
UV absorption layer, polarizing layer).

[0178] In order to form a film having a desired thickness
from the related art single layer solution, itis necessary thata
cellulose acylate solution having a high concentration and a
high viscosity be extruded. In this case, aproblem often arises
that the cellulose acylate solution exhibits a poor stability and
thus forms a solid material that causes the generation of
granular structure or poor planarity. In order to solve these
problems, a plurality of cellulose acylate solutions can be
casted through casting ports, making it possible to extrude
high viscosity solutions onto the metallic support at the same
time. In this manner, a film having an improved planarity and
hence excellent surface conditions can be prepared. Further,
the use of a highly concentrated cellulose acylate solution
makes itpossible to attain the reduction of the drying load that
can enhance the production speed of film.

[0179] The cellulose acetate film may comprise a plasti-
cizer incorporated therein to improve the mechanical physi-
cal properties or enhance the drying speed. As the plasticizer
there may be used a phosphoric acid ester or carboxylic acid
ester. Examples of the phosphoric acid ester include triphenyl
phosphate (TPP) and tricresyl phosphate (TCP). Representa-
tive examples of the carboxylic acid ester include phthalic
acid ester and citric acid ester. Examples of the phthalic acid
ester include dimethyl phthalate (DMP), diethyl phthalate
(DEP), dibutyl phthalate (DBP), dioctyl phthalate (DOP),
diphenyl phthalate (DPP), and diethylhexyl phthalate
(DEHP). Examples of the citric acid ester include O-acetyl-
citric acid triethyl (OACTE) and O-acetyltricitric acid tributyl
(OACTB). Other examples of carboxylic acid ester include
butyl oleate, methyl acetyl ricinoleate, dibutyl sebacate, and
various trimellitic acid esters. Phthalic acid ester-based plas-
ticizers (DMP, DEP, DBP, DOP, DPP, DEHP) are preferably
used. DEP and DPP are particularly preferred. The added
amount of the plasticizer is preferably from 0.1% to 25% by
mass, more preferably from 1% to 20% by mass, most pref-
erably from 3% to 15% by mass based on the amount of the
cellulose ester.

[0180] The cellulose acylate film is preferably subjected to
surface treatment. Examples of the surface treatment include
corona discharge treatment, glow discharge treatment, flame
treatment, acid treatment, alkaline saponification, and ultra-
violet irradiation. For the details of surface treatment, refer-
ence can be made to Japan Institute of Invention and Innova-
tion’s Kokai Giho 2001-1745, pp. 30-32.

[0181] Thealkaline saponification is carried out by dipping
the cellulose acylate film in a saponifying solution or spread-
ing the saponifying solution over the cellulose acylate film.
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The spreading method is preferably used. Examples of the
spreading method include dip coating method, curtain coat-
ing method, extrusion coating method, bar coating method,
and E type coating method. The alkali to be used herein is
preferably a hydroxide of alkaline metal (e.g., potassium,
sodium). In other words, the alkaline treatment solution is
preferably a solution of a hydroxide of an alkaline metal. The
concentration of hydroxide ions in the solution is preferably
from 0.1 Nto 3.0 N.

[0182] A solvent having good wetting properties with
respect to film, a surface active agent and a wetting agent
(e.g., diol, glycerin) may be incorporated in the alkaline treat-
ment solution to improve the wetting properties of the alka-
line treatment solution with respect to the second optically
anisotropic layer and the stability of the alkaline treatment
solution. Preferred examples of the solvent having good wet-
ting properties with respect to film include alcohols (e.g.,
isopropyl alcohol, n-butanol, methanol, ethanol). For the
details of additives for alkaline treatment solution, reference
can be made to JP-A-2002-82226 and Intemational Patent
Application 02/46809 (pamphlet).

[0183] Anundercoatlayer (as disclosed in JP-A-7-333433)
may be provided in place of or in addition to surface treat-
ment. A plurality of undercoat layers may be provided. For
example, a polymer layer containing both hydrophobic and
hydrophilic groups may be provided as a first undercoat layer.
A hydrophilic polymer layer which can be fairly adhered to
the alignment film may be provided on the first undercoat
layer as a second undercoat layer (as disclosed in JP-A-11-
248940).

(Alignment Film)

[0184] The alignment film can be provided by any method
such as method involving rubbing of an organic compound
(preferably polymer), method involving oblique vacuum
deposition of an inorganic compound, method involving for-
mation of a layer having microgrooves and method involving
accumulation of an organic compound (e.g., (1-tricosanic
acid, dioctadecylmethyl ammonium chloride, methyl stear-
ate) by Langmure-Blodgett method (LB film). Also known is
an alignment capable of aligning when given an electric field
or magnetic field or irradiated with light.

[0185] The alignment film is preferably formed by rubbing
apolymer. Principally speaking, the polymer to be used in the
alignment film has a molecular structure capable of aligning
liquid crystal molecules. The polymer to be used in the align-
ment film preferably is also capable of fixing the alignment of
the liquid crystal molecules in addition to capability of align-
ing the liquid crystal molecules. For example, side chains
having a crosslinkable functional group (e.g., double bond)
are preferably bonded to the main chain of the polymer.
Alternatively, a crosslinkable functional group capable of
aligning the liquid crystal molecules is preferably incorpo-
rated in the side chains of the polymer.

[0186] The polymer to be used in the alignment film is
preferably crosslinkable itself or is preferably rendered
crosslinkable in the presence of a crosslinking agent. For the
details of the crosslinkable polymer, reference can be made to
JP-A-8-338913, paragraph [0022]. Examples of the
crosslinkable polymer include polymethacrylates, polysty-
renes, polyolefins, polyvinyl alcohols, modified polyvinyl
alcohols, poly(N-methylolacrylamide), polyesters, polyim-
ides, polyvinyl acetates, carboxymethy] celluloses, polycar-
bonates, and copolymers thereof. Water-soluble polymers
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(e.g., poly(N-methylolacrylamide), carboxymethyl cellu-
lose, gelatin, polyvinyl alcohol, modified polyvinyl alcohol)
are preferably used. More desirable among these water-
soluble polymers are gelatin, polyvinyl alcohol, and modified
polyvinyl alcohol. Most desirable among these water-soluble
polymers are polyvinyl alcohol and modified polyvinyl alco-
hol. Tt is particularly preferred that two or more polyvinyl
alcohols or modified polyvinyl alcohols having different
polymerization degrees be used in combination.

[0187] The percent saponification of the polyvinyl alcohol
is preferably from 70% to 100%, more preferably from 80%
to 100%. The polymerization degree of the polyviny! alcchol
is preferably from 100 to 5,000.

[0188] Theside chains capable of aligning the liquid crystal
molecules normally have a hydrophobic group as a functional
group. The kind of specific functional groups to be used
herein is determined depending on the kind of the liquid
crystal molecules and the required alignment.

[0189] The modifying group in the modified polyvinyl
alcohol can be introduced by copolymerization modification,
chain transfer modification or block polymerization modifi-
cation. Examples of the modifying group include hydrophilic
groups (e.g., carboxylic acid group, sulfonic acid group,
phosphonic acid group, amino, ammonio, amide, thiol), C ;-
C, oo hydrocarbons, fluorine-substituted hydrocarbon groups,
alkylthio groups, polymerizable groups (e.g., unsaturated
polymerizable group, epoxy group, azirinidyl group), and
alkoxysilyl groups (trialkoxysilyl, dialkoxysilyl, monoalkox-
ysilyl).

[0190] For the details of modified polyvinyl alcohols, ref-
erence can be made to JP-A-2000-155216 and JP-A-2002-
62426.

[0191] By bonding side chains having a crosslinkable func-
tional group to the main chain of the polymer of the alignment
film or introducing a crosslinkable functional group into the
side chains capable of aligning the liquid crystal molecules,
the polymer of the alignment film and the polyfunctional
monomers contained in the first optically anisotropic layer 1
can be copolymerized with each other. As a result, not only
the polyfunctional monomers but also the alignment film
polymers and the polyfunctional monomer and the alignment
film polymer can be firmly bonded to each other. Accordingly,
by introducing a crosslinkable functional group into the poly-
mer of the alignment film, the strength of the optically-com-
pensatory sheet can be remarkably enhanced.

[0192] For the details of crosslinkable functional group
having preferred polymerizable group to be used in the align-
ment film, reference can be made to JP-A-2000-155216,
paragraphs [0080]-[0100] as in the polyfunctional monomer.
[0193] The polymer of the alignment film can be
crosslinked with a crosslinking agent separately of the
crosslinkable functional group. Examples of the crosslinking
agent employable herein include aldehydes, N-methylol
compounds, dioxane derivatives. compounds which activate
carboxyl group to act, active vinyl compounds, active halogen
compounds, isooxazole, and dialdehyde starch. Two or more
crosslinking agents may be used in combination. For the
details of crosslinking agent, reference can be made to JP-A-
2002-62426. Aldehydes having a high reaction activity, par-
ticularly glutaraldehyde, are preferably used.

[0194] The added amount of crosslinking agent is prefer-
ably from 0.1% to 20% by mass, more preferably from 0.5%
to 15% by mass based on the mass of polymer. The amount of
unreacted crosslinking agent left in the alignment film is
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preferably 1.0% by mass or less, more preferably 0.5% by
mass or less. By reducing the residual amount of crosslinking
agent, a sufficient durability free from reticulation can be
obtained against prolonged use of liquid crystal display
device even in high temperature and humidity atmosphere.
[0195] The alignment film can be formed by spreading a
coating solution containing the aforementioned polymer and
crosslinking agent overthe optically anisotropiclayer 2, heat-
ing and drying (crosslinking) the coated material, and then
subjecting the coated material to rubbing. The crosslinking
reaction is effected after the spreading of the coating solution
over the optically anisotropic layer 2. In the case where a
water-soluble polymer such as polyvinyl alcohol is used as an
alignment film-forming material. the coating solution is pref-
erably composed of a mixture of an anti-foaming organic
solvent (e.g., methanol) and water. In the case of a mixture of
water and methanol, the content of methanol in the total
amount of solvents is preferably 1% by mass or more, more
preferably 9% by mass or more. By adding an organic sol-
vent, foaming is suppressed, making it possible to remarkably
reduce surface defects of the alignment film and the first
optically anisotropic layer.

[0196] Preferred examples of the method of spreading the
alignment film coating solution include spin coating method,
dip coating method, curtain coating method, extrusion coat-
ing method, rod coating method, and roll coating method. The
rod coating method is particularly preferred.

[0197] The dry thickness of the coat layer is preferably
from 0.1 pm to 10 pm.

[0198] The heating/drying step can be effected at a tem-
perature of from 20° C. to 110° C. In order to attain sufficient
crosslinking, the heating/drving step is effected at a tempera-
ture of from 60° C. to 100° C., more preferably from 80° C. to
100° C. The drying time may be from 1 minute to 36 hours,
preferably from 1 to 30 minutes. The pH value is preferably
predetermined to a value optimum for the crosslinking agent
used. If glutaraldehyde is used, the pH value is preferably
from4.5t0 5.5.

[0199] The alignment film can be obtained by subjecting
the polymer to surface rubbing.

[0200] The rubbing treatment is the same as that widely
employed at LCD liquid crystal alignment step. In other
words, by rubbing the surface of the alignment film with
paper, gauze, felt, rubber, nylon fiber or polyester fiber in a
predetermined direction, alignment can be established. In
general, rubbing is effected by several times with a cloth
obtained by uniformly plating fibers having uniform length
and thickness.

(Polarizing Plate)

[0201] The optical film of the invention is stuck to a polar-
izing film to form a polarizing plate.

[0202] Examples of the polarizing film include aligned
polarizing film and coated polarizing film (produced by
Optiva Inc.). The aligned polarizing film is composed of a
binder and iodine or dichroic dye. lodine and dichroic dye are
aligned in the binder to perform polarizing properties. lodine
and dichroic dye are preferably aligned along the binder
molecules. Alternatively, dichroic dyeis preferably aligned in
one direction by self-structuring as performed in liquid crys-
tal.

[0203] Commercially available aligned polarizing films are
prepared by dipping a stretched polymer in an iodine or
dichroic dye solution in a tank so that the binder is impreg-
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nated with iodine or dichroic dye. A commercially available
polarizing film has iodine or dichroic dye distributed therein
over the region extending from the surface of the polymer to
a depth of about 4 um (about 8 um in total on both sides). In
order to obtain sufficient polarizing properties, at least 10 pm
thickness is needed. The penetration of iodine and dichroic
dye can be controlled by the concentration of the iodine and
dichroic dye solution, the tank temperature and the dipping
time.

[0204] Thethickness of the polarizing film is preferably not
greater than that of commercially available polarizing plates
(about 30 um), more preferably 25 pm or less, most preferably
20 pum or less. When the thickness of the polarizing plate is 20
um or less, light leakage can be no longer observed with
17-inch liquid crystal display devices.

[0205] The binder in the polarizing film may be
crosslinked. As the polarizing film binder there may be used
a polymer which is crosslinkable itself. A polymer having a
functional group or a polymer having a functional group
incorporated therein can be irradiated with light or given heat
or pH change, the functional group is reacted so that the
polymers are crosslinked to form a polarizing film. Alterna-
tively, a crosslinking agent may be used to introduce a
crosslinked structure into the polymer. A crosslinking agent
which is a compound having a high reaction activity may be
used to introduce a linkage group derived from crosslinking
agent between the binders so that the binder molecules are
crosslinked to form a polarizing film.

[0206] Crosslinking can be normally effected by spreading
a coating solution containing a crosslinkable polymer or a
mixture thereof with a crosslinking agent over a transparent
support, and then heating the coated material. Since it suffices
if the desired durability of the final commercial product is
assured, the crosslinking treatment may be effected at any
step up to the point at which the final polarizing plate product
is obtained.

[0207] As the binder of the polarizing film there may be
used a polymer which is crosslinkable itself or a polymer
which is crosslinked with a crosslinking agent. Examples of
the polymer employable herein include polymethyl meth-
acrylates, polyacrylic acids, polymethacrylic acids, polysty-
renes, polyvinyl alcohols, modified polyvinyl alcohols, poly
(N-methylol acrylamide), polyvinyl toluenes,
chlorosulfonated polyethylenes, nitrocelluloses, chlorinated
polyolefins (e.g., polyvinyl chloride), polyesters, polyimides,
polyvinyl acetates, polyethylenes, carboxymethyl celluloses,
polypropylenes, polycarbonates, and copolymers thereof
(e.g., acrylic acid/methacrylic acid copolymer, styrene/male-
imide copolymer, styrene/vinyl toluene copolymer, vinyl
acetate/vinyl chloride copolymer, ethylene/vinyl acetate
copolymer). Water-soluble polymers (e.g., poly (N-methy-
lolacrylamide), carboxymethyl cellulose, gelatin, polyvinyl
alcohol, polyvinyl alcohol, modified polyvinyl alcohol) are
preferably used. Gelatin, polyvinyl alcohols and modified
polyvinyl alcohols are more preferably used. Polyvinyl alco-
hols and modified polyvinyl alcohols are most preferably
used.

[0208] The percent saponification of the polyviny! alcchol
and modified polyvinyl alcohol is preferably from 70% to
100%, more preferably from 80% to 100%, most preferably
from 95% to 100%. The polymerization degree of the poly-
vinyl alcohol is preferably from 100 to 5,000.

[0209] Themodified polyvinylalcohol is obtained by intro-
ducing a modifving group into a polyvinyl alcohol by copo-
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lymerization modification, chain transfer modification or
block polymerization modification. Examples of the modify-
ing group to be introduced in copolymerization include
—COONa, —Si(0X); (in which X represents a hydrogen
atom or alkyl group), —N(CH,),.Cl, —C,H,,, —COQ,
—SO;Na, and —C, ,H, ;. Examples of the modifying group
to be introduced in chain transfer modification include
—COONa,—SH,—SC,,H,5. The polymerization degree of
the modified polyvinyl alcohol is preferably from 100 to
3,000. For the details of modified polyvinyl alcohols, refer-
ence can be made to JP-A-8-338913, JP-A-9-152509 and
JP-A-9-316127.

[0210] An unmodified polyvinyl alcohol and an alkylthio-
modified polyvinyl alcohol having a percent saponification of
from 85% to 95% are particularly preferred.

[0211] Two or more polyvinyl alcohols and modified poly-
vinyl alcohols may be used in combination.

[0212] For the details of crosslinking agents, reference can
be made to U.S. Reissued Pat. 23,297. Boron compounds
(e.g., boric acid, borax) may be used as crosslinking agent.
[0213] When the binder crosslinking agent is added in a
large amount, the heat moisture resistance of the polarizing
film can be enhanced. However, when the crosslinking agent
is added in an amount of 50% by mass or more based on the
mass of binder, the alignability of iodine or dichroic dye is
deteriorated. The added amount of the crosslinking agent is
preferably from 0.1 to 20% by mass, more preferably from
0.5 to 15% by mass based on the binder. The binder contains
unreacted crosslinking agent in some amount even after the
termination of the crosslinking reaction. However, the
amount of remaining crosslinking agent is preferably 1.0
parts by mass or less, more preferably 0.5% by mass or less
based on the binder. When the crosslinking agent is incorpo-
rated in the binder in an amount of more than 1.0% by mass,
there are some cases where durability problem arises. In other
words, when a liquid crystal display device comprising a
polarizing film having a large residual amount of a crosslink-
ing agent incorporated therein is used or allowed to stand in a
high temperature and humidity atmosphere over an extended
period of time, the deterioration of polarization can occur.
[0214] Examples of dichroic dye employable herein
include azo-based dyes, stilbene-based dyes, pyrazolone-
based dyes, triphenylmethane-based dyes, quinoline-based
dyes, oxazine-based dyes, thiazine-based dyes, and
anthraquinone-based dyes. The dichroic dye is preferably
water-soluble. The dichroic dye preferably has a hydrophilic
substituent (e.g., sulfo, amino, hydroxyl). Specific examples
of the dichroic dye include C.1. Direct Yellow 12, C.I. Direct
Orange 39, C.1. Direct Orange 72, C.I. Direct Red 39, C.1.
Direct Red 79, C.1. Direct Red 81, C.I. Direct Red 83, C.I.
Direct Red 89, C.1. Direct Violet 48, C 1. Direct Blue 67, C.I.
Direct Blue 90, C 1. Direct Green 59, and C.I. Acid Red 37.
For the details of dichroic dyes, reference can be made to
JP-A-1-161202, JP-A-1-172906, IP-A-1-172907, JP-A-1-
183602, IJP-A-1-248105, JP-A-1-265205, and JP-A-7-
261024.

[0215] The dichroic dye is used in the form of free acid or
salt (e.g., alkaline metal salt, ammonium salt, amine salt). A
polarizing film having various hues can be produced by
blending two or more dichroic dyes. A polarizing film com-
prising a compound (dye) which assumes black when the
polarizing axes cross each other or a polarizing film having
various dichroic dyes blended so as to assume black is excel-
lent in single plate transmission and percent polarization.
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[0216] In the polarizing film, the binder is stretched in the
longitudinal direction (MD direction) of the polarizing film
(stretching method). Alternatively, the binder thus rubbed is
dyed with iodine and dichroic dye (rubbing method).

[0217] In the case of stretching method, the draw ratio is
preferably from 2.5 to 30.0, more preferably from 3.0 to 10.0.
Stretching may be effected in the air in a dry process. Alter-
natively, wet stretching may be effected in water. The draw
ratio during dry stretching is preferably from 2.5 to 5.0. The
draw ratio during wet stretching is preferably from 3.0 to
10.0. Stretching may be effected batchwise in several por-
tions. By stretching the binder batchwise in several portions,
the binder can be uniformly stretched even if the draw ratio is
high. Before the full stretching, the binder may be somewhat
crosswise or longitudinally stretched (to an extent such that
the crosswise shrinkage can be prevented).

[0218] From the standpoint of yield, the binder is prefer-
ably stretched at an angle of from 10° to 80° with respect to
longitudinal direction. In this case, stretching can be accom-
plished by effecting tenter stretching in biaxial stretching at
steps which differ from right edge to left edge. The aforemen-
tioned biaxial stretching is the same as the stretching to be
effected in ordinary film forming. In the biaxial stretching
process, stretching is effected at a rate which differs from
right edge to left edge. It is thus necessary that the thickness
of the unstretched binder film differ from right edge to left
edge. In the cast film-forming method, the die can be tapered
to make the flow rate of the binder solution different from
right to left.

[0219] Stretching is preferably effected such that the tilt
angle coincides with the angle of the transmission axis of the
two sheets of polarizing plates laminated on the respective
side of the liquid crystal cell constituting the liquid crystal
display device with respect to the longitudinal or crosswise
direction of the liquid crystal cell. The tilt angle is normally
45°, However, transmission type, reflection type and semi-
transmission type liquid crystal display devices the tilt angle
of which is not necessarily 45° have been recently developed.
It is thus preferred that the stretching direction be arbitrarily
adjusted according to the design of the liquid crystal display
device.

[0220] In this manner, a binder film which is stretched
obliquely at an angle of from 10° to 80° with respect to MD
direction of the polarizing film is produced.

[0221] As the rubbing method there may be applied a rub-
bing method which is widely used as step of aligning liquid
crystal molecules in liquid crystal display devices. In some
detail, the surface of the film is rubbed with paper, gauze, felt,
rubber or nylon or polyester fiber in a predetermined direction
to attain alignment. In general, rubbing is carried out by
rubbing the material several times with a cloth woven uni-
formly by fibers having a uniform length and thickness. A
rubbing roll having a roundness, cylindricalness and deflec-
tion (eccentricity) of 30 um is preferably used to perform
rubbing. The lapping angle of the film on the rubbing roll is
preferably from 0.1° to 90°. As disclosed in JP-A -8-160430,
the film can be wound up for 360° or on the rubbing roll to
attain stable rubbing.

[0222] In order to subject a film of continuous length to
rubbing, the film is preferably conveyed with a constant ten-
sion at a rate of from 1 to 100 m/min over a conveying device.
The rubbing roll is preferably arranged so as to freely rotate
parallel to the moving direction of the film to attain arbitrary
predetermination of rubbing angle. The rubbing angle is pref-
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erably predetermined within a range of from 0° to 60°. When
the polarizing film is incorporated in a liquid crystal display
device, the rubbing angle is preferably from 40° to 50°, par-
ticularly preferably 45°.

[0223] A protective film is preferably provided on the both
sides of the polarizing film. As one of the protective film there
is preferably used a part of a rolled optical film of the inven-
tion. For example, a laminate obtained by superposing a
protective film, a polarizing film, an optically anisotropic
layer 2 and an optically anisotropic layer 1 in this order or a
protective film, a polarizing film, an optically anisotropic
layer 2, an alignment layer and an optically anisotropic layer
1 in this order is preferably used. The polarizing film may be
stuck to the front surface of the optically anisotropic layer 1.
Sticking may be made with an adhesive. As such an adhesive
there may be used a polyvinyl alcohol-based resin (including
acetoacetyl group-, sulfonic acid group-, carboxyl group- or
oxyalkylene group-modified polyvinyl alcohol) or an aque-
ous solution of boron compound. A polyvinyl alcohol-based
resin is preferably used.

[0224] As the protective film to be provided on the side of
the polarizing film opposed to the optical film of the invention
there may be used a triacetyl cellulose film (Fujitac (TD-
80UF): produced by FUJIFILM Corporation).

[0225] The dried thickness of the adhesive layer is prefer-
ably from 0.01 umto 10 um, more preferably from 0.05 um to
5 um.

[0226] A light-diffusion film or anti-glare film may be
stuck to the surface of the polarizing plate.

(Light-Diffusion or Anti-Glare Film)

[0227] FIG. 4is a diagrammatic sectional view illustrating
a representative embodiment of the light-diffusion film.
[0228] Alight-diffusion film (1) shown in FIG. 4 comprises
a transparent substrate film (2) and a light-diffusion layer (3)
laminated therein, the light-diffusion layer (3) having a first
light-transmitting particulate material (41) and a second
light-transmitting particulate material (42) incorporated in a
light-transmitting resin (40). While the present embodiment
is described with reference to two light-transmitting particu-
late materials (having different refractive indexes) having two
peaks of particle diameter distribution, the same light-trans-
mitting particulate material (having the same refractive
index) having two peaks of particle diameter distribution may
be used or one light-transmitting particulate material may be
used.

[0229] The first light-transmitting particulate material (41)
is composed of a light-transmitting resin such as particulate
silica (average particle diameter: 1.0 um,; refractive index:
1.51). The second light-transmitting particulate material (42)
is composed of a light-transmitting resin such as styrene bead
(average particle diameter: 3.5 pum; refractive index: 1.61).
The light-diffusion capacity can be obtained by the difference
in refractive index between the light-transmitting particulate
material (41 and 42) and the light-transmitting resin (40). The
difference in refractive index between the light-transmitting
particulate material (41 and 42) and the light-transmitting
resin (40) is preferably from not smaller than 0.02 to not
greater than 0.15. When the difference in refractive index falls
below 0.02, the desired light-diffusing effect cannot be
obtained. When the difference in refractive index exceeds
0.15, the resulting light-diffusing effect is too high, occasion-
ally causing the whitening of the entire film. The difference in
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refractive index is more preferably from not smaller than 0.03
to not greater than 0.13, most preferably from not smaller than
0.04 to not greater than 0.10.

[0230] Inthe case where apolarizing film is used in a liquid
crystal display device, an anti-reflection layer is preferably
provided on the viewing side surface thereof. The anti-reflec-
tion layer may act also as a protective layer for the viewing
side of the polarizing film. In order to suppress the change of
tintof the liquid crystal display device with viewing angle, the
inner haze of the anti-reflection layer is preferably predeter-
mined to be 50% or more. For the details of anti-reflection
layer, reference can be made to JP-A-2001-33783, JP-A-
2001-343646 and JP-A-2002-328228.

[0231] The optical film of the invention can be used in
liquid crystal display devices of various modes, and particu-
larly useful in an OCB mode liquid crystal display device.

(OCB Mode Liquid Crystal Display Device)

[0232] An OCB mode liquid crystal cell is a liquid crystal
cell of bend alignment mode wherein rod-shaped liquid crys-
tal molecules are oriented in substantially opposing direc-
tions (symmetrically) from the upper part to the lower part of
the liquid crystal cell. For the details of liquid crystal display
device comprising a bend alignment mode liquid crystal cell,
reference can be made to U.S. Pat. Nos. 4,583,825 and 3,410,
422. In the OCB mode liquid crystal cell, rod-shaped liquid
crystal molecules are aligned symmetrically with each other
from the upper part to the lower part of the liquid crystal cell.
Therefore, the bend alignment mode liquid crystal cell has a
self optical compensation capacity. Accordingly, this liquid
crystal mode is also called OCB (optically compensated
bend) liquid crystal mode.

[0233] Similarly to TN mode liquid crystal cell, OCB mode
liquid crystal cell has rod-shaped liquid crystal molecules
aligned erected in the central portion thereof and aligned
lying in the vicinity of the substrate during black display.
[0234] The value Anxd of the liquid crystal cell is prefer-
ably from 50 nm to 1,000 nm, more preferably from 500 nm
to 1,000 nm.

[0235] The evaluation of tint of the liquid crystal display
device was made on CIE1976 (u'v') chromaticity diagram in
the invention. In some detail, the measurement of tit in black
state 1s effected using a Type SR-3 spectral brightness meter
(produced by TOPCON Co., Ltd.). Calculation is made in the
spectral brightness meter to calculate u'v'. The value v' which
represents blue when the black state developed by an ordinary
polarizing plate is evaluated is close to 0.45. Thus, the closer
to this value v' of the liquid crystal display device during black
display is, the less is black display problem.

[0236] The invention will be further described in the fol-
lowing examples. The materials, reagents, amount and pro-
portion of materials, procedure and other factors defined
hereinafter may be properly changed unless they depart from
the spirit of the invention. Accordingly, the scope of the
invention is not specifically limited to the following
examples.

EXAMPLE
Example 1
Preparation of Cellulose Acetate Solution

[0237] The following components were charged in a mix-
ing tank where they were then heated with stirring to prepare
a cellulose acetate solution.
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Formulation of cellulose acetate solution

Cellulose acetate having a
percent acetylation of 60.9%
Triphenyl phosphate
Biphenyl diphenyl phosphate
Methylene chloride
Methanol

100 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass

45 parts by mass

(Preparation of Retardation Raising Agent Solution)

[0238] Into a separate mixing tank were charged 4 parts by
mass of a cellulose acetate (linter) having a percent acetyla-
tion of 60.9%, 25 parts by mass of the following retardation
developer, 0.5 parts by mass of a particulate silica (average
particle diameter: 20 nm), 80 parts by mass of methylene
chloride and 20 parts by mass of methanol which were then
heated with stirring to prepare a retardation developer solu-
tion.

[0239] Retardation developer
CH;
q H
N N N

Z

CHj Y

i “CH;

(Preparation of Optically Anisotropic Layer 2)

[0240] 470 parts by mass of a cellulose acetate solution
were mixed with 18.5 parts by mass of the retardation devel-
oper solution. The mixture was then thoroughly stirred to
prepare a dope. The mass ratio of the retardation developer to
cellulose acetate was 3.5%. The film having a residual solvent
content of 35% by mass was peeled off the band, crosswise
stretched at a temperature of 140° C. and a draw ratio of 38%
using a film tenter, and then dried at 130° C. with the clip
detached therefrom for 45 seconds to prepare a cellulose
acetate film as optically anisotropic layer 2. The optically
anisotropic layer 2 thus produced had a residual solvent con-
tent of 0.2% by mass and a thickness of 88 pm.

(Measurement of Optical Propetrties)

[0241] The optically anisotropic layer 2 thus prepared was
then measured for Re, (550) at a wavelength of 550 nm using
aType KOBRA 21ADH ellipsometer (produced by Ouji Sci-
entific Instruments Co., Ltd.). The result was 45 nm. The
optically anisotropic layer 2 was also measured for retarda-
tion values Re, (40°) and Re, (-40°) developed when swing
of +40° was made with the in-plane slow axis as a swing axis.
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From these measurements was then calculated Rth, (550) by
the ellipsometer. The result was 175 nm.

(Saponification of Second Optically Anisotropic Layer 2)

[0242] A 1.5 mol/L isopropyl alcohol solution of potassium
hydroxide was spread over one side of the optically anisotro-
pic layer 2 thus prepared at a rate of 25 ml/m”. The coated
optically anisotropic layer was allowed to stand at 25° C. for
5 seconds, washed with flowing water for 10 seconds, and
then blown with 25° C. air so that the surface of the film was
dried. In this manner, the optically anisotropic layer 2 was
saponified only on one side thereof.

(Formation of Alignment Film)

[0243] An alignment film coating solution having the fol-
lowing formulation was then spread over the optically aniso-
tropic layer 2 on the saponified surface thereof at a rate of 24
ml/m? using a#14 wire bar coater. The coated optically aniso-
tropic layer was dried with 60° C. hot air for 60 seconds and
then with 90° C. hot air for 150 seconds.

[0244] Subsequently, the film thus formed was subjected to
rubbing in the direction of 450 with respect to the stretching
direction of'the optically anisotropic layer 2 (substantially the
same as the slow axis).

(Formulation of alignment film coating solution)

Modified polyvinyl alcohel shown below 10 parts by mass
Water 371 parts by mass
Methanol 119 parts by mass
Glutaraldehyde (crosslinking agent) 0.5 parts by mass

Modified Polyvinyl Alcohol

[0245]
_(CHZ_TH T — (CE—CHI55
OH O0—CO—CH;

—(CHZ—(liH-)T
O—COOO—(CH2)4—O—CO—CH=CH2

(Preparation of Optically Anisotropic Layer 1)

[0246] In 400.0 parts by mass of methyl ethyl ketone were
dissolved 80 parts by mass of a discotic compound shown in
D-524, 20 parts by mass of the following discotic compound
(A), 0.4 parts by mass of the following air interface alignment
controller, 3 parts by mass of a photopolymerization initiator
(Irgacure 907, produced by Ciba-Geigy Inc.) and 1 part by
mass of a sensitizer (Kayacure DETX, produced by Nippon
Kayaku Corporation) to prepare a coating solution. The coat-
ing solution thus prepared was then spread over the alignment
film using a #3.0 wire bar. The alignment film was attached to
a metallic frame which was then heated in a 110° C. constant
temperature tark for 2 minutes so that the discotic liquid
crystal compound was aligned. Subsequently, the coated
material was irradiated with ultraviolet rays from a 120 W/cm
high pressure mercury vapor lamp at 80° C. for 1 minute so
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that the discotic liquid crystal compound was polymerized.
Thereatter, the material was allowed to cool to room tempera-
ture. In this manner, an optically anisotropic layer 1 was
formed to prepare an optically-compensatory sheet.

[0247] Air interface alignment controller V-(1)

NH—R

el
~ ~

NH=—R
OCppHys

R= OC5Hys

[0248] Discotic liquid crystal compound (A)

RO OR

RO

0
I

OR
0]
i _COO(CHZM—OJK/

(Measurement of Optical Properties)

[0249] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for Re (550) at a wavelength of 550 nm using a Type KOBRA
21ADH ellipsometer. The result was 31.1 nm. Using a Type
KOBRA 21 ADH ellipsometer, the optically anisotropic layer
1was also measured for retardation at a wavelength of 450 nm
and 650 nm. As a result, Re (450)/Re (650) was 1.17. The
optically anisotropic layer 1 was also measured for thickness.
The result was 0.9 pm. The maximum absorption wavelength
of D-524 was measured with a type UV3150 spectrophotom-
eter (produced by Shimadzu Corporation), and was 245 nm.
The maximum absorption wavelength of the above discotic
liquid crystal compound (A) was 285 nm.

(Preparation of Elliptical Polarizing Plate)

[0250] A stretched polyvinyl alcohol film was allowed to
adsorb iodine to prepare a polarizing film. Subsequently, the
optically-compensatory sheet thus prepared was stuck to one
side of the polarizing film with a polyvinyl alcohol-based
adhesive on the optically anisotropic layer 2 side thereof. The
two components were disposed such that the slow axis of the
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optically anisotropic layer 2 and the transmission axis of the
polarizing film were parallel to each other.

[0251] A commercially available cellulose acetate film
(FUJITAC TDS8OUF, produced by FUJIFILM Corporation)
was saponified in the same manner as mentioned above, and
then stuck to the other side (side opposite the optically-com-
pensatory sheet) of the polarizing film with a polyvinyl alco-
hol-based adhesive. In this manner, an elliptical polarizing
plate was prepared.

(Preparation of Bend-Aligned Liquid Crystal Cell)

[0252] A polyimide film was provided on a glass substrate
with ITO electrode as an alignment film. The alignment film
thus prepared was then subjected to rubbing. Two sheets of
glass substrates thus obtained were laminated in such an
arrangement that the rubbing direction thereof were parallel
to each other. The cell gap was then predetermined to 4.1 pm.
The cell gap was then filled with a liquid crystal compound
having An (550) of 0.1396 (ZLI1132, produced by Merck
Ltd.) to prepare a bend-aligned liquid crystal cell.

(Preparation and FEvaluation of Liquid Crystal Display
Device)

[0253] The liquid crystal cell and two sheets of polarizing
plates prepared above were combined to prepare a liquid
crystal display device. The liquid crystal cell and the two
sheets of polarizing plates were disposed such that the opti-
cally anisotropic layer 1 of the polarizing plates and the
substrate of the liquid crystal cell were opposed to each other
and the rubbing direction of the liquid crystal cell and the
rubbing direction of the optically anisotropic layer 1 opposed
to the liquid crystal cell were not parallel to each other.
[0254] The liquid crystal display device thus prepared was
disposed above a back light. A 55 Hz rectangular wave volt-
age was then applied to the bend-aligned liquid crystal cell in
the liquid crystal display device. Using a type BM-5 bright-
ness meter (produced by TOPCON Co., Ltd.), the liquid
crystal display device was then measured for voltage at which
the black brightness (front brightness) reaches minimum
while adjusting the voltage.

[0255] Subsequently, using the same brightness meter
(BM-5, produced by TOPCON Co., Ltd.), the liquid crystal
display device was measured for black brightness and white
brightness (front brightness) at the center of the screen. From
the measurements was then calculated front contrast.

[0256] Using a type BM-5 brightness meter (produced by
TOPCON Cao., Ltd.), the liquid crystal display device was
then measured for brightness in the upper, lower, right and left
directions with the applied voltage varied. From the measure-
ments, an angle of occurrence of gradation inversion (vertical
inversion view angle and horizontal inversion view angle)
was then measured. Using a Type SR-3 spectral brightness
meter (produced by TOPCON Co., Ltd.), the liquid crystal
display device was then measured for tint in black state. Using
a Type EZ-CONTRAST measuring instrument, the liquid
crystal display device was then measured for contrast view
angle (vertical contrast view angle and horizontal contrast
view angle). The term “contrast view angle” as used herein is
meant to indicate the angle at which the ratio of brightness
during white display to brightness during black display is 10
or more.

[0257] The results are set forth in Table 1.

[0258] Using SR-3 (manufactured by TOPCON Co., Ltd.),
two sheets of commercially available linear polarizing plates
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disposed above a back light and arranged such that the trans-
mission axis thereof were perpendicular to each other were
measured for tint in black state. As a result, v' was 0.45.

Example 2

[0259] An optically anisotropic layer 2 and an alignment
film were prepared in the same manner as in Example 1.

(Preparation of Optically Anisotropic Layer 1)

[0260] In 400.0 parts by mass of methyl ethyl ketone were
dissolved 85 parts by mass of a discotic liquid crystal com-
pound exemplified as D-524, 15 parts by mass of a discotic
liquid crystal compound exemplified as D-89, 0.4 parts by
mass of the air interface alignment controller V-(1), 3 parts by
mass of a photopolymerization initiator (Irgacure 907, pro-
duced by Ciba-Geigy Inc.) and 1 part by mass of a sensitizer
(Kayacure DETX, produced by Nippon Kayaku Corporation)
to prepare a coating solution. The coating solution thus pre-
pared was then spread over the alignment film using a #3.0
wire bar. The alignment film was attached to a metallic frame
which was then heated ina 110° C. constant temperature tank
for 2 minutes so that the discotic liquid crystal compound was
aligned. Subsequently, the coated material was irradiated
with ultraviolet rays from a 120 W/cm high pressure mercury
vapor lamp at 80° C. for 1 minute so that the discotic liquid
crystal compound was polymerized. Thereafter, the material
was allowed to cool to room temperature. In this manner, an
optically anisotropic layer 1 was formed to prepare an opti-
cally-compensatory sheet.

(Measurement of Optical Properties)

[0261] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for Re (550) at a wavelength of 550 nm using a Type KOBRA
21ADH ellipsometer. The result was 30.9 nm. Using a Type
KOBRA 21 ADH ellipsometer, the optically anisotropic layer
1 was also measured for retardation at a wavelength of 450 nm
and 650 nm. As a result, Re (450)/Re (650) was 1.15. The
optically anisotropic layer 1 was also measured for thickness.
The result was 0.9 pm. The maximum absorption wavelength
of D-89 was measured, and was 261 nm.

(Preparation of Elliptical Polarizing Plate)

[0262] An elliptical polarizing plate was prepared in the
same manner as in Example 1.

(Preparation of Bend-Aligned Liquid Crystal Cell)

[0263] A bend-aligned liquid crystal cell ad a liquid crystal
display device were prepared in the same manner as in
Example 1. Thus, a liquid crystal display device of Example
2 was prepared. The results of evaluation of the liquid crystal
display device are set forth in Table 1.

Example 3
[0264] An optically anisotropic layer 2 and an alignment
film were prepared in the same manner as in Example 1.
(Preparation of Optically Anisotropic Layer 1)

[0265] In300.0 parts by mass of methyl ethyl ketone were
dissolved 90 parts by mass of a discotic liquid crystal com-
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pound (B) exemplified below, 10 parts by mass of the above
discotic liquid crystal compound (A), 0.4 parts by mass of the
air interface alignment controller V-(1), 3 parts by mass of a
photopolymerization initiator (Irgacure 907, produced by
Ciba-Geigy Inc.) and 1 part by mass of a sensitizer (Kayacure
DETX, produced by Nippon Kayaku Corporation) to prepare
a coating solution. The coating solution thus prepared was
then spread over the alignment film using a #3.0 wire bar. The
alignment film was attached to a metallic frame which was
then heated in a 100° C. constant temperature tank for 2
minutes so that the discotic liquid crystal compound was
aligned. Subsequently, the coated material was irradiated
with ultraviolet rays from a 120 W/cm high pressure mercury
vapor lamp at 80° C. for 1 minute so that the discotic liquid
crystal compound was polymerized. Thereafter, the material
was allowed to cool to room temperature. In this manner, an
optically anisotropic layer 1 was formed to prepare an opti-
cally-compensatory sheet.

Discotic Liquid Crystal Compound (B)
[0266]

wmﬁﬂ
(o]

(Measurement of Optical Properties)

[0267] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
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tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for Re (550) at a wavelength of 550 nm using a Type KOBRA
21ADH ellipsometer. The result was 30.6 nm. Using a Type
KOBRA 21 ADH ellipsometer, the optically anisotropic layer
1was also measured for retardation at a wavelength of 450 nm
and 650 mm. As a result, Re (450)/Re (650) was 1.20. The
optically anisotropic layer 1 was also measured for thickness.
The result was 1.5 pm. The maximum absorption wavelength
of the discotic liquid crystal compound (B) was measured,
and was 260 nm.

(Preparation of Elliptical Polarizing Plate)

[0268] An elliptical polarizing plate was prepared in the
same manner as in Example 1.

(Preparation of Bend-Aligned Liquid Crystal Cell)

[0269] A bend-aligned liquid crystal cell ad a liquid crystal
display device were prepared in the same manner as in
Example 1. Thus, a liquid crystal display device of Example
3 was prepared. The evaluated result was shown in Table 1.

Example 4

[0270] An optically anisotropic layer 2 and an alignment
film were prepared in the same manner as in Example 1.

(Preparation of Optically Anisotropic Layer 1)

[0271] In 400.0 parts by mass of methy] ethyl ketone were
dissolved 80 parts by mass of a rod-shaped liquid crystal
compound (A) exemplified below, 20 parts by mass of a
rod-shaped liquid crystal compound (B) exemplified below,
0.4 parts by mass of the air interface alignment controller
V=(1), 3 parts by mass of a photopolymerization initiator
(Irgacure 907, produced by Ciba-Geigy Inc.) and 1 part by
mass of a sensitizer (Kayacure DETX, produced by Nippon
Kayaku Corporation) to prepare a coating solution. The coat-
ing solution thus prepared was then spread over the alignment
film using a #3.0 wire bar. The alignment film was attached to
a metallic frame which was then heated in a 90° C. constant
temperature tank for 2 minutes so that the rod-shaped liquid
crystal compound was aligned. Subsequently, the coated
material was irradiated with ultraviolet rays from a 120 W/em
high pressure mercury vapor lamp at 60° C. for 1 minute so
that the rod-shaped liquid crystal compound was polymer-
ized. Thereafter, the material was allowed to cool to room
temperature. In this manner, an optically anisotropic layer 1
was formed to prepare an optically-compensatory sheet.

Rod-Shaped Liquid Crystal Compound (A)
[0272]

0 CHs 0
WW*OGO*W%

o]

0]
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Rod-Shaped Liquid Crystal Compound (B)
[0273]

~

o]

(Measurement of Optical Properties)

[0274] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for Re (550) at a wavelength of 550 nm using a Type KOBRA
21ADH ellipsometer. The result was 31.6 nm. Using a Type
KOBRA 21ADH ellipsometer, the optically anisotropic layer
1 was also measured for retardation at a wavelength of 450 nm
and 650 nm. As a result, Re (450)/Re (650) was 1.20. The
optically anisotropic layer 1 was also measured for thickness.
The result was 1.0 pm. The maximum absorption wavelength
of the rod-shaped liquid crystal compound (A) was measured,
and was 270 nm. The maximum absorption wavelength of the
rod-shaped liquid crystal compound (B) was 236 nm.

(Preparation of Elliptical Polarizing Plate)

[0275] An elliptical polarizing plate was prepared in the
same manner as in Example 1.

(Preparation of Bend-Aligned Liquid Crystal Cell)

[0276] A bend-aligned liquid crystal cell ad a liquid crystal
display device were prepared in the same manner as in
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compound (C) exemplified below, 60 parts by mass of a
rod-shaped liquid crystal compound (D) exemplified below,
0.4 parts by mass of the air interface alignment controller
V-(1), 3 parts by mass of a photopolymerization initiator
(Irgacure 907, produced by Ciba-Geigy Inc.) and 1 part by
mass of a sensitizer (Kayacure DETX, produced by Nippon
Kayaku Corporation) to prepare a coating solution. The coat-
ing solution thus prepared was then spread over the alignment
film using a #3.0 wire bar. The alignment film was attached to
a metallic frame which was then heated in a 80° C. constant
temperature tank for 3 minutes so that the rod-shaped liquid
crystal compound was aligned. Subsequently, the coated
material was irradiated with ultraviolet rays from a 120 W/em
high pressure mercury vapor lamp at 50° C. for 1 minute so
that the rod-shaped liquid crystal compound was polymer-
ized. Thereafter, the material was allowed to cool to room
temperature. In this manner, an optically anisotropic layer 1
was formed to prepare an optically-compensatory sheet.

Rod-Shaped Liquid Crystal Compound (C)
[0279]

0 F 0
0] (0]
\)‘\O/\/\/\OOQ_OGO_QOO/\/\/\OJ\/

Rod-Shaped Liquid Crystal Compound (D)
[0280]

/WOMO_QO\/\/\/OY\

Example 1. Thus, a liquid crystal display device of Example
4 was prepared. The results of evaluation of the liquid crystal
display device are set forth in Table 1.

Example 5
[0277] An optically anisotropic layer 2 and an alignment
film were prepared in the same manner as in Example 1.
(Preparation of Optically Anisotropic Layer 1)

[0278] In 400.0 parts by mass of methyl ethyl ketone were
dissolved 40 parts by mass of a rod-shaped liquid crystal

0]

(Measurement of Optical Properties)

[0281] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for Re (550) at a wavelength of 550 nm using a Type KOBRA
21ADH ellipsometer. The result was 31.3 nm. Using a Type
KOBRA 21 ADH ellipsometer, the optically anisotropic layer
1 was also measured for retardation at a wavelength of 450 nm
and 650 nm. As a result, Re (450)/Re (650) was 1.10. The
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optically anisotropic layer 1 was also measured for thickness.
The result was 0.9 pm. The maximum absorption wavelength
ofthe rod-shaped liquid crystal compound (C) was measured,
and was 260 nm. The maximum absorption wavelength of the
rod-shaped liquid crystal compound (D) was 220 nm.

(Preparation of Elliptical Polarizing Plate)

[0282] An elliptical polarizing plate was prepared in the
same manner as in Example 1.

(Preparation of Bend-Aligned Liquid Crystal Cell)

[0283] A bend-aligned liquid crystal cell ad a liquid crystal
display device were prepared in the same manner as in
Example 1. Thus, a liquid crystal display device of Example
5 was prepared. The results of evaluation of the liquid crystal
display device are set forth in Table 1.

Comparative Example 1

[0284] An optically anisotropic layer 2 and an alignment
film were prepared in the same manner as in Example 1.

Apr. 16,2009

result was 30.5 nm. Using a Type KOBRA 21ADH ellipsom-
eter, the optically anisotropic layer 1 was also measured for
retardation at a wavelength of 450 nm and 650 nm. As a result,
Re (450)/Re (650) was 1.27. The optically anisotropic layer 1
was also measured for thickness. The result was 1.6 um.

(Preparation of Ellipsoidal Polarizing Plate)

[0287] An ellipsoidal polarizing plate was prepared in the
same manner as in Fxample 1.

(Preparation of Bend-Aligned Mode Liquid Crystal Display
Device)

[0288] A bend-aligned liquid crystal cell was prepared in
the same manner as in Example 1. A liquid crystal display
device was then prepared from the bend-aligned liquid crystal
cell in the same manner as in Example 1 to provide a liquid
crystal display device of Comparative Example 1. The results
of evaluation of the liquid crystal display device are set forth
in Table 1.

TABLE 1

Comparative

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1
Re(450)/Re(650) 1.17 1.15 1.20 1.20 1.10 1.27
Front contrast 450 440 420 415 440 300
v' 043 0.42 0.40 0.40 0.40 0.37
Vertical contrast view angle 160 160 160 160 160 155
Horizontal contrast view angle 160 160 160 160 160 160
Vertical inversion view angle 160 160 155 155 155 155
Horizontal inversion view angle 140 140 140 145 140 140

(Preparation of Optically Anisotropic Layer 1)

[0285] 1In 204.0 parts by mass of methyl ethy! ketone were
dissolved 91 parts by mass of the discotic compound (A)
shown above, 9 parts by mass of an ethylene oxide-modified
trimethylolpropane triacrylate (V#360) (produced by
OSAKA ORGANIC CHEMICAL INDUSTRY LTD.), 0.4
parts by mass of the air interface alignment controller as used
in Example 1, 1 part by mass of a cellulose acetate butyrate
(CABS31-1, produced by Eastman Chemical Inc.), 3 parts by
mass of a photopolymerization initiator (Irgacure 907, pro-
duced by Ciba-Geigy Inc.) and 1 part by mass of a sensitizer
(Kayacure DETX, produced by Nippon Kayaku Corporation)
to prepare a coating solution. The coating solution thus pre-
pared was then spread over the alignment film using a #3.4
wire bar. The alignment film was attached to a metallic frame
which was then heated in a 120° C. constant temperature tank
for 150 seconds. Subsequently, the coated material was irra-
diated with ultraviolet rays from a 120 W/cm high pressure
mercury vapor lamp at 110° C. for 1 minute so that the
discotic compound was polymerized. Thereafter, the material
was allowed to cool to room temperature. In this manner, a
optically anisotropic layer 1 was formed to prepare an opti-
cally-compensatory sheet.

(Measurement of Optical Properties)

[0286] In the same manner as mentioned above, an align-
ment film was formed on a glass sheet. The optically aniso-
tropic layer 1 was then formed on the alignment film. The
optically anisotropic layer 1 thus formed was then measured
for retardation value Re (550) with light having a wavelength
of 550 nm using a Type KOBRA 21ADH ellipsometer. The

CONCLUSION

[0289] As can be seen in the results of Table 1, the liquid
crystal display device of the invention exhibits a high front
contrast, wide vertical and horizontal contrast view angles
and vertical and horizontal inversion view angles and little
bluish tint during black display.

[0290] On the contrary, Comparative Example 1, which
doesn’t contain a plurality of liquid crystal compounds in the
optically anisotropic layer 1 and satisfy the requirement that
Re (450)/Re (650)be 1.25 or less, exhibits alow front contrast
and a high bluish tint during black display.

INDUSTRIAL APPLICABILITY

[0291] Inaccordance with the invention, an optically aniso-
tropic layer contained in the optically compensatory sheet is
formed by mixing discotic liquid crystal compounds having
different structures with each other. As aresult, an optical film
(optically compensatory film) having a wavelength disper-
sion adapted for the wavelength dispersion of liquid crystal
molecules to be used in liquid crystal cells, particularly of
bend-aligned mode can be provided.

[0292] In accordance with the invention, a liquid crystal
display device can be provided having remarkably lowered
transmittance in front ways and at horizontal and vertical
polar angles during black display and excellent viewing angle
properties capable of giving a good image having a high
contrast, no tint problems during black display and no grada-
tion inversion.

[0293] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
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has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

1. An optical film, which comprises:

at least two optically anisotropic layers comprising a first
optically anisotropic layer and a second optically aniso-
tropic layer,

wherein the first optically anisotropic layer is formed by
mixing two or more liquid crystal compounds having
different structures with each other.

2. The optical film according to claim 1,

wherein the first optically anisotropic layer satisfies
numerical expression (1):

Re(450)/Re(650)<1.25 M

wherein Re (450) and Re (650) represent in-plane retarda-
tion values (unit: nm) of the first optically anisotropic
layer at a wavelength of 450 nm and 650 nm, respec-
tively.

3. The optical film according to claim 1,

wherein at least one of the two or more liquid crystal
compounds constituting the first optically anisotropic
layer is a discotic liquid crystal compound.
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4. The optical film according to claim 1,

wherein at least one of the two or more liquid crystal
compounds is a trisubstituted benzene skeleton discotic
liquid crystal compound.

5. The optical film according to claim 1,

wherein at least one of the two or more liquid crystal
compounds is a triphenylene skeleton discotic liquid
crystal compound.

6. The optical film according to claim 1,

wherein the second optically anisotropic layer comprises a
cellulose acylate film.

7. A polarizing plate, which comprises:

a polarizing film; and

at least two protective films disposed on the both sides of
the polarizing film,

wherein at least one of the at least two protective films is an
optical film according to claim 1.

8. A liquid crystal display device, which comprises:

a liquid crystal cell; and

a polarizing plate according to claim 7.

9. The liquid crystal display device according to claim 8,

which is of OCB mode.
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