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containing at least one liquid crystal compound, wherein the
liquid crystal compound comprises a liquid erystal compound
(1) that satisfies the relation: 0.05=An=0.5, with the proviso
that An=ne-no, ne represents an extraordinary-ray refractive
index, and no represents an ordinary-ray refractive index, and
the film has a haze value of 15% or less and a thickness of 1
um to 10 pm.
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DEPOLARIZING FILM, METHOD FOR
PRODUCTION THEREOF, OPTICAL FILM,
AND LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a depolarizing film
and a method for production thereof. The depolarizing film
may be used in combination with a polarizer or the like to
form an optical film. The depolarizing film or the optical film
is preferably used on the viewer side ofa liquid crystal display
for vehicle-mounted applications, mobile applications, infor-
mation display applications, or the like.

[0003] 2. Description of the Related Art

[0004] Liquid crystal displays are widely used in portable
terminals such as cellular phones and personal digital assis-
tants (PDAs), audio visual (AV) devices, game machines,
digital cameras, film cameras, car navigation systems, and
watches. Such liquid crystal display-equipped devices are
used not only indoors but also outdoors. Such liquid crystal
displays use liquid crystal switching to visualize changes in
polarization state, and based on the display principle, the
liquid crystal displays use polarizers and emit linearly polar-
ized light.

[0005] In recent years, people occasionally wear sun-
glasses outdoors. In particular, polarizing sunglasses are pref-
erably used in viewpoint of reduction of reflected light from
water sides, road surfaces, and buildings. In some cases,
however, people wearing polarizing sunglasses have diffi-
culty seeing things on liquid crystal display-equipped
devices, depending on the angle at which the people view the
devices. In particular, displayed things become invisible,
when the polarized light transmission axis of polarizing sun-
glasses is placed perpendicular to the polarized light trans-
mission axis of the polarizer placed on the screen side of
liquid crystal displays.

[0006] Concerning the problem with the visibility of liquid
crystal displays for viewers wearing sunglasses, for example,
it is proposed that a transparent cover layer comprising a
birefringent material having a certain thickness distribution in
the in-plane direction should be placed on the uppermost
surface of a liquid crystal display (see JP-A No. 2005-
148119). In the process of placing the transparent cover layer
on the uppermost surface of a liquid crystal display as
described in JP-A No. 2005-148119, however, it is necessary
to precisely control the absorption axis of the viewer side
polarizer and the slow axis of the transparent cover layer. In
addition, since the transparent cover layer has to be shaped
into a specific form, this technique has the problem of low
productivity.

SUMMARY OF THE INVENTION

[0007] An object of the presentinvention is to provide a thin
depolarizing film which is easy to be produced, and a method
for production thereof.

[0008] Another object of the present invention is to provide
an optical film using such a depolarizing film and to provide
a liquid crystal display using such a depolarizing film.
[0009] As a result of investigations to solve the problems,
the inventors have found that the depolarizing film and other
techniques described below will satisfy the objects, and have
completed the present invention.
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[0010] The present invention relates to a depolarizing film
comprising: a film containing at least one liquid crystal com-
pound,

[0011] wherein the liquid crystal compound comprises a

liquid crystal compound (1) that satisfies the relation:
0.05=An=0.5, with the proviso that An=ne-no, ne represents
an extraordinary-ray refractive index, and no represents an
ordinary-ray refractive index, and

[0012] the film has a haze value of 15% or less and a
thickness of 1 um to 10 pm.

[0013] As the depolarizing film, the film is preferably used
that the liquid crystal compound comprises the liquid crystal
compound (1) and another liquid crystal compound (2), the
liquid crystal compound (1) is vertically oriented in the direc-
tion of the thickness of the film, and the another liquid crystal
compound (2) is oriented parallel to the surface of the film in
all directions around a portion of the vertically oriented liquid
crystal compound (1).

[0014] 1In the depolarizing film, the liquid crystal com-
pound (1) preferably has a refractive index distribution satis-
fying nx1=nyl<nzl.

[0015] Note, nx1, nyl and nz1 represent refractive indices
ofafilminX,Y and Z axis directions, respectively, when the
liquid crystal compound (1) is used alone to form the film,
wherein the X axis direction is a direction in which the in-
plane refractive index of the film is maximum (the direction of
an in-plane slow axis), the Y axis direction is a direction
perpendicular to the X axis direction in the film plane (the
direction of an in-plane fast axis), and the 7 axis direction is
the film thickness direction vertical to the X axis direction and
the Y axis direction.

[0016] In the depolarizing film, the liquid crystal com-
pound (2) has a refractive index distribution satisfying
nx2>ny2~nz2.

[0017] Note, nx2, ny2 and nz2 represent refractive indices
ofafilminX,Y and Z axis directions, respectively, when the
liquid crystal compound (2) is used alone to form the film,
wherein the X axis direction is a direction in which the in-
plane refractive index of the film is maximum (the direction of
an in-plane slow axis), the Y axis direction is a direction
perpendicular to the X axis direction in the film plane (the
direction of an in-plane fast axis), and the 7 axis direction is
the film thickness direction vertical to the X axis direction and
the Y axis direction.

[0018] In the depolarizing film, it is preferable that the
depolarizing film comprises 1 to 15 parts by weight of the
liquid crystal compound (1) based on 100 parts by weight of
the liquid crystal compound (2).

[0019] The present invention also relates to a method for
producing the above depolarizing film, comprising the steps
of:

[0020] (1)preparing a solution containing the liquid crystal
compounds (1) and (2);

[0021] (2) applying the solution to a substrate that does not
undergo alignment treatment; and

[0022] (3) solidifying the solution applied to the substrate
to form a film.
[0023] The present invention also relates to an optical film

comprising the above depolarizing film; and a polarizer.
[0024] The present invention also relates to a liquid crystal
display comprising polarizers provided on both sides of a
liquid crystal cell;

[0025] wherein the above depolarizing film is placed on a
viewer side with respect to the polarizer on a viewer side.
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[0026] The depolarizing film of the present invention
includes a film and a liquid crystal compound contained in the
film, wherein the liquid crystal compound includes at least a
liquid crystal compound (1) that satisfies the relation:
0.05=An=0.5, wherein An represents the difference(ne-no)
between the extraordinary-ray refractive index (ne) and the
ordinary-ray refractive index (no). The film has a haze value
of 15% or less, which can satisfy transparency, and a thick-
ness of 1 to 10 um, which can realize a thin depolarizing film.
The depolarizing film of the present invention is capable of
converting linearly polarized light incident on the surface of
the film in all directions into circularly polarized light.
[0027] Forexample, the above mentioned depolarizing film
of the present invention may also be produced by the liquid
crystal compound (1) and another liquid crystal compound
(2) capable of generating in-plane retardation. In the film, the
liquid crystal compound (1) may be vertically oriented in the
direction of the thickness of the film, and the another liquid
crystal compound (2) may be oriented parallel to the surface
of the film in all directions around a portion of the vertically
oriented liquid crystal compound (1). In this structure, the
liquid crystal compound (2) may form a structure in which it
is radially distributed in all directions around the vertically
oriented liquid crystal compound (1), and the radially distrib-
uted liquid crystal compound (2) may be oriented in therange
from inclined to parallel to the film plane by the influence of
the liquid crystal compound (1). Such a film may have a
multi-domain structure in which the mode of parallel orien-
tation of the liquid crystal compound (2) radially distributed
around the vertically oriented liquid crystal compound (1)
continuously varies over the film plane. The liquid crystal
compound (2) used in such a film is oriented to generate an
in-plane retardation, and the portion having the radially
aligned liquid crystal compound (2) has the slow axis in all
directions of the film plane, theoretically 360°.

[0028] The in-plane retardation of the film can be con-
trolled to be about A/4 by controlling the thickness of the film
and the in-plane retardation produced by the liquid crystal
compound (2) oriented parallel to the film plane. It should be
noted that when used alone in the description, the term “about
M4” means about A/4+(550 nm/2) n, wherein n is 0 or a
positive integer. Thus, the depolarizing film of the present
invention can have the slow axis to generate an in-plane
retardation of about A/4 theoretically in all directions of the
film plane. Therefore, a combination of the depolarizing film
and a polarizer can convert linearly polarized light in all
directions into circularly polarized light, when the linearly
polarized light is let out from the polarizer and let into the
depolarizing film. Since the depolarizing film of the present
invention has the slow axis in all directions of the film plane,
theoretically 360°, as described above, it may be adhered to
polarizers without careful consideration of the axis angle with
the polarizers.

[0029] When the depolarizing film of the present invention
is placed on the surface of a liquid crystal display (on the
viewer side with respect to the viewer side polarizer), there-
fore, linearly polarized light is converted into circularly polar-
ized light when emitted from the liquid crystal display, so that
the information from the liquid crystal display can be
observed with no loss of visibility by people wearing polar-
izing sunglasses.

[0030] For example, the depolarizing film of the present
invention can be easily produced using the liquid crystal
compound (1) with a specific birefringent liquid crystal poly-

Oct. 1, 2009

mer or the like, capable of being vertically oriented even
when the substrate used does not undergo vertical alignment
treatment, together with the liquid crystal compound (2).
Even on a substrate that does not undergo vertical alignment
treatment, the liquid crystal compound (1) with a specific
birefringent liquid crystal polymer can be vertically oriented
by a stress applied in the film-forming process. On the other
hand, the liquid crystal compound (2) is not influenced by the
orientation of the substrate but influenced by the liquid crystal
compound (1) so that the liquid crystal compound (2) can be
oriented parallel to the film plane around the liquid crystal
compound (1).

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a schematic diagram including a cross-
sectional view and a top view showing an example of the
depolarizing film of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The depolarizing film of the present invention is
described below with reference to the drawing. FIG. 1 illus-
trates a cross-sectional view and a top view each schemati-
cally illustrating the state of orientations of a liquid crystal
compound (1) and another liquid crystal compound (2) in a
film (A) with respect to the depolarizing film. The cross-
sectional view of FIG. 1 shows that the liquid crystal com-
pound (1) is vertically oriented in the direction of the thick-
ness of the film (A); the portion of the liquid crystal
compound (1) is placed at the center; the liquid crystal com-
pound (2) is placed around the portion of the liquid crystal
compound (1) and oriented in the range from inclined to
parallel to the film plane; and a plurality of domains each
having the liquid crystal compound (1) at the center are pro-
vided. The top view shows that the liquid crystal compound
(2) is oriented in all directions of the film, namely 360°
around the liquid compound (1). The compound (2) oriented
in the parallel direction is omitted from the top view, while it
is shown in the cross-sectional view. The top view only shows
the compound (2) having a certain direction in each domain.
As shown in the top view, the direction in which the liquid
crystal compound (2) is oriented in the film plane corresponds
to the slow axis direction, and the film (A) has the slow axis in
all directions.

[0033] The liquid crystal compound (2) just has to form a
portion in which it is oriented parallel to the film plane. In
general, the liquid crystal compound (2) in the vicinity of the
liquid crystal compound (1) is oriented in a direction oblique
to the film plane, and the orientation of the liquid crystal
compound (2) becomes close to parallel to the film plane as it
is more distant from the liquid crystal compound (1). FIG. 1
illustrates a case where the liquid crystal compound (2) is
oriented in such a manner that it evenly becomes parallel to
the film plane over all directions around liquid crystal (1).
Alternatively, the degree of the parallel orientation to the film
plane may vary with the angle around the liquid crystal com-
pound (1) (namely, the generated retardation may vary with
the angle), as long as the liquid crystal compound (2) is
oriented parallel to the film plane in all directions around the
liquid crystal compound (1).

[0034] At least one type of liquid crystal compound is used
to form a film for the depolarizing film of the present inven-
tion. The liquid crystal compound to be used preferably has
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transparency. Such a liquid crystal compound to be used
includes at least a liquid crystal compound (1) that satisfies
the relation: 0.05=An=0.5, wherein An=ne-no, wherein ne
represents the extraordinary-ray refractive index, and no rep-
resents the ordinary-ray refractive index. Preferably An is
from 0.07t0 0.3 (0.07=An=0.3), more preferably from 0.1 to
0.2 (0.1=An=0.2). If An is less than 0.05, sufficient depolar-
ization cannot be achieved. If Anis more than 0.5, the haze of
the film may increase to a practically unsuitable level.

[0035] Inview of transparency, the film of the depolarizing
film of the present invention has a haze vale of 15% or less.
The haze value is preferably 12% or less, more preferably
10% or less. The film of the depolarizing film of the present
invention has a thickness of 1 to 10 um. The thickness is
preferably from 1 to 9 pm, more preferably from 1 to 8 pm.
Such a thickness is preferred in order to reduce the thickness
of the film, to control the in-plane retardation of the film to
about A/4, and to orient the liquid crystal compounds (1) and
(2) as shown in FIG. 1. If the thickness is less than 1 pm, the
orientation descried above cannot be achieved, and, therefore,
a depolarizing film cannot be provided.

[0036] For example, the liquid crystal compound (1) to be
used preferably provides a refractive index distribution satis-
fying nx1=~nyl<nzl. Such a refractive index distribution with
respect to the liquid crystal compound (1) means that when a
forming material of the liquid crystal compound (1) is used
alone to form a film, the film has a refractive index distribu-
tion satisfying nxl=nyl<nzl. The liquid crystal compound
(1) has an optical axis in the direction of Z axis (the direction
of the film thickness), and its principal refractive indices nx1
and nyl are substantially the same, while nz1 is larger than
each of nx1 and ny1.

[0037] Thenx1,nyl and nz1 values may each be measured
at a temperature of 20° C. and a wavelength of 589.3 nm with
an Abbe refractometer equipped with an analyzer at the eye
lens part. The nx2, ny2 and nz2 values described later may
also be measured in the same manner.

[0038] The relation nx1=~nyl indicates that the difference
between the refractive indices nx1 and ny1 is preferably 0.02
or less. As used herein, the symbol “~” means that the refrac-
tive index difference is preferably within the acceptable range
as stated above. The smaller the difference between the
refractive indices nx1 and nyl, the smaller the refractive
index difference in the normal direction and the better the
transparency in the normal direction. The difference between
the refractive indices nx1 and ny1 1s preferably 0.01 or less,
more preferably 0.005 or less, ideally 0. The extraordinary-
ray refractive index (ne) and the ordinary-ray refractive index
(no) correspond to nzl and (nx1+ny1)/2, respectively.

[0039] A forming material of the liquid crystal compound
(1) includes, for example, a liquid crystal material that can be
homeotropic aligned. The homeotropically-orienting liquid
crystal material includes a general nematic liquid crystal
compound that be capable of homeotropic alignment with a
vertical alignment agent, which is given in, for example,
“Kagaku Sosetsu 44 (surface modification, edited by The
Chemical Society of Japan, pp. 156 to 163).

[0040] The homeotropically-orienting liquid crystal mate-
rial includes a homeotropically-orienting side-chain liquid
crystal polymer. The homeotropically-orienting side-chain
liquid crystal polymer may be mentioned, for example, a
side-chain type liquid crystal polymer including a monomer
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unit (a) containing a liquid crystalline fragment side chain
and a monomer unit (b) containing a non-liquid crystalline
fragment side chain.

[0041] The side chain type liquid crystal polymer can real-
ize a homeotropic alignment of the liquid crystal polymer to
be generated nematic liquid crystal state with a treatment
such as heat treatment, even without using a vertical align-
ment film.

[0042] The above-mentioned monomer unit (a) has a side
chain with nematic liquid crystalline, for example, a mono-
mer unit represented by the following formula (a) may be
mentioned.

[Formula (a)]

Rl

_('CHz—?‘)_
COZ—(-CHZ-)H—O@W@M
b ¢

[0043] where, R is a hydrogen atom or amethyl group, a is
apositive integer of 1 to 6, X" is —CO,— group or —OCO—
group, R? is a cyano group, an alkoxy group with 1 to 6
carbon, fluoro group or alkyl group with 1 to 6 carbon, and b
and ¢ are integers of 1 or 2 respectively.

[0044] Moreover, as a monomer unit (b) has a linear side
chain, for example, a monomer unit represented by the fol-
lowing formula (b) may be mentioned.

[Formula (b)]
R
—tCH— ? —
Co,—R?

[0045] where, R is a hydrogen atom or a methyl group, R*
is an alkyl group with 1 to 22 carbon, a fluoroalkyl group with
1 to 22 carbon, or a monomer unit represented by the formula
(b1):

[Formula (b1)]

~{CH,CH,—O)R®

[0046] where, d is a positive integer of 1 to 6, and R® is an
alkyl group with 1 to 6 carbon.

[0047] Besides, the ratio of the monomer unit (a) and the
monomer unit (b) is not limited in particular. Although the
ratio varies also according to the kinds of monomer units,
since the side chain type liquid crystal polymer does not show
liquid crystal monodomain alignment property when the ratio
of the monomer unit (b) increases, the percentage is prefer-
ably defined in a range of (b)/{(a)+(b)}=0.01 to 0.8 (mole
ratio), more preferably 0.1 to 0.5.

[0048] As the liquid crystal polymer that can form the
homeotropic aligned liquid crystal layer, the side chain type
liquid crystal polymer comprising the monomer unit (a)
including a liquid crystalline fragment side chain and a mono-
mer unit (¢) including liquid crystalline fragment side chain
having an alicyclic cyclic structure may be mentioned.
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[0049] The side chain type liquid crystal polymer can real-
ize a homeotropic alignment of the liquid crystal polymer,
even without using a vertical alignment film, too. The mono-
mer unit (¢) has a side chain exhibiting a nematic liquid
crystallinity, and, for example, such a monomer unit may be
mentioned that is represented with the following formula (c):

[Formula (c)]
RS

—('CHz—%

[0050] where, R® represents a hydrogen atom or a methyl
group, h represents a positive integer of 1 to 6, X represents
a—CO,— group or a—OCO-group, e and g represent inte-
gers of 1 or 2, f represents an integer of 0 to 2, and R’
represents a cyano group and an alkyl group having a carbon
number of 1 to 12.

[0051] In addition, a ratio of the monomer unit (a) and the
monomer unit (c) is not especially limited, and may also be
varied depending on kinds of the monomer units. Since the
side chain type liquid crystal polymer tends to show less
liquid crystal mono-domain alignment property as a percent-
age of the monomer unit (¢) increases, preferably (c)/{(a)+
(c)}=0.01 t0 0.8 (mole ratio). Especially it is more preferably
0.1t00.6.

[0052] Liquid crystal polymers are not limited to the illus-
trated examples having the monomer units, and more than one
of the illustrated monomer units may be appropriately com-
bined.

[0053] A weight average molecular weight of the above-
mentioned side chain type liquid crystal polymers is prefer-
ably in a range of 2,000 to 100,000. Performance as a liquid
crystal polymer is demonstrated by adjusting the weight aver-
age molecular weight into this range. The weight average
molecular weight is preferably 2,500 or more, because the
film forming property of an alignment layer shows a tendency
of being poor when the weight average molecular weight of
the side chain type liquid crystal polymer is too small. On the
other hand, the weight average molecular weight is preferably
50,000 or less because if the weight average molecular weight
is too large the polymer has a tendency of forming a poor
alignment state caused by a poor alignment property as liquid
crystal.

[0054] Moreover, the above-illustrated side chain type lig-
uid crystal polymer can be prepared by copolymerization of
acrylic based monomers or methacrylic based monomers cor-
responding to the monomer unit (a), the monomer unit (b),
and the monomer unit (c). And monomers corresponding to
the monomer unit (a), the monomer unit (b), and the monomer
unit (¢) may be synthesized by well-known methods. Prepa-
ration of the copolymer may be performed according to, for
example, conventional polymerization methods for acrylic
based monomers, such as radical polymerization methods,
cationic polymerization methods, and anion polymerization
methods etc. In addition, when a radical polymerization
method is used, various kinds of polymerization initiators
may be used, and especially, polymerization initiators, such
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as azobis-iso-butyronitril, benzoyl peroxide, etc. may prefer-
ably be used that has medium, not excessively high nor exces-
sively low, decomposition temperatures.

[0055] The liquid crystal compound (2) that is preferably
used can be oriented parallel to the film plane in all directions
around the portion of the vertically oriented liquid crystal

—
COZ_&CHzTO‘@XZWR7
e f 4

compound (1). The liquid crystal compound (2) that is pref-
erably used provides a refractive index distribution satisfying
nx2>ny2=nz2. Such a refractive index distribution with
respect to the liquid crystal compound (2) means that when a
forming material of the liquid crystal compound (2) is used
alone to form a film, the film has a refractive index distribu-
tion satisfying nx2>ny2~nz2.

[0056] The forming material of the liquid crystal com-
pound (2) may be of any type, as long as it can provide the
above refractive index distribution. In an embodiment, the
material is preferably such that it can form a film having the
above refractive index distribution through a process that
includes applying a solution containing the material to a
substrate that does not undergo alignment treatment and then
solidifying the material. The term “solidifying” means not
only that when the forming material of the liquid crystal
compound (2) is nonreactive, the film is formed by simple
solidification such as removal of solvent by drying but also
that when the forming material of the liquid crystal com-
pound (2) is reactive, the material is subjected to drying or the
like and allowed to react to form the film. The forming mate-
rial of the liquid crystal compound (2) in the latter case is
mainly described below.

[0057] The liquid crystal compound (2) capable of provid-
ing a refractive index distribution satisfying nx2>ny2~nz2 is
preferably such that it can form a film in which the in-plane
retardation (nx2-ny?2) d of the film (wherein d (nm) is the
thickness of the film) can be controlled to be about A/4 (spe-
cifically 90 to 150 nm, preferably 100 to 140 nm)+(550 nm/2)
n(whereinn is O or a positive integer). When the liquid crystal
compound (2) capable of providing a refractive index distri-
bution satisfying nx2>ny2=nz2 is used, therefore, the thick-
ness of the film of the depolarizing film is preferably con-
trolled in the range of 1 to 10 pm, depending on the refractive
index distribution property (nx2-ny2) of the liquid crystal
compound (2).

[0058] Examples of birefringent materials capable of pro-
viding a refractive index distribution satisfying nx2>ny2~nz2
include nematic liquid crystal monomers. Nematic liquid
crystal monomers may be applied and then cured to form a
film having the above refractive index distribution.

[0059] The nematic liquid crystal monomers include
monomers represented by following formula (1). These lig-
uid crystal monomers may be used independently, or two or
more kinds may be used in combination.
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[Formula (1)]
@

[0060] In the formula (1), A' and A® represent polymeriz-
able groups, respectively, and they may be identical or may be
different from each other. And, either of A' and A® may be
hydrogen. X represents single bond, —O— —S—,
—C—=N—, —0—C0—, —CO—0—, —0—L0—0—,
—CO—NR—, —NR—CO—, —NR—, —0—CO—NR—,
—NR—CO—0—, —CH,—O—, or —NR—CO-—NR,
respectively. R in the X represents H or C1 to C4 alkyl, and M
represents a mesogen group. In the formula (1), although two
of X may be identical or may be different from each other,
they are preferably identical.

[0061] Two of A* in the monomer of the formula (1) are
preferably bonded at ortho position with respect to corre-
sponding A', respectively.

[0062] The A' and A? are preferably independently repre-
sented with following formula (2),respectively,: Z-X-(Sp),, . .
.(2)and A’ and A* are preferably identical group each other.
[0063] 1In the formula (2), Z represents a cross-linking
group, designations for X is identical as in the formula (1), Sp
represents a spacer containing of linear or branched alkyl
group having C atoms of 1 to 30, and n represents 0 or 1. A
carbon chain in the Sp, for example, may contain oxygen in
ether functional group, sulfur in thio-ether functional group,
non-adjacent imino group or alkyl imino group having C1 to
C4 etc.

[0064] In the formula (2), Z preferably is either of atomic
groups represented with following formula (2a). In the fol-
lowing formula (2a), for example, R includes, groups, such as
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, and t-butyl.

[Formula (2a}]
LC=CH—, HCc=Cc—, /—Qf ,
CH;s Cl R, i/o
Hzc)\ : Hzc)\ ‘ ;N— :
R (6}
R
|
R 2 R : R N
VAN \|/ \ \|/ \
R R R
—N=C==0, —N=(C=8§, —O0—C=N,
[0065] Inthe formula (2a), Sp preferably is either of atomic

groups represented with following formula (2b). In the fol-
lowing formula (2b), m is preferably 1to 3 and pis 1 to 12.
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[Formula (2b)]
—(CH)y—, T CILCH0),CHCH,— .,
—CH,CH,SCH,CH,—, —CH,CH,NHCH,CH,—,

CH; CH; CH;
— CHCH,N—CH,CH,—, —(CH,CHO),CH,CH—,
CH; Cl

—(CH,)sCH—, —CH,CH,CH—

[0066] Inthe formula (1), M is preferably represented with
following formula (3), and in the following formula (3), des-
ignations for X is identical as in the formula (1). Q, for
example, represents a substituted, or non-substituted alkylene
or aromatic hydrocarbon atomic group, and for example, 1t
may be a substituted, or non-substituted linear, or branched
C1to C12 alkylene, etc.

[Formula (3)]

[0067] When the Q is an aromatic hydrocarbon atomic
group, for example, it is preferably one of atomic groups
represented with following formula (3a), or of substituted
analogs thereof.

3

[Formula (3a}]

@ TN/ X
TN /X
I L3
x Vs x Vs

[0068] The substituted analog of the aromatic hydrocarbon
atomic group represented with the formula (3a) may have, for
example, 1 to 4 substituted groups per one aromatic ring, and
may have one or two substituted groups per one of the aro-
matic ring or one group. The substituted groups may be iden-
tical with each other, may be different from each other. As the
substituted groups, for example, C, to C, alkyls, nitro, halo-
gens, such as, F, ClI, Br, and I, and phenyl, C, to C, alkoxyls
etc. may be mentioned.

[0069] As examples of the liquid crystal monomer, for
example, monomers represented with following formula (4)
to (19) may be mentioned.
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[Formula (4) to (157]
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[0070] Temperature ranges in which the liquid crystal
monomer shows liquid crystallinity vary based on a kind
thereof, and for example, preferably it is in a range of 40 to
120° C., more preferably in a range of 50 to 100° C., and
particularly preferably in a range of 60 to 90° C.

[0071] Besides the nematic liquid crystal monomers illus-
trated above, examples of birefringent materials capable of
providing a refractive index distribution satisfying
nx2>ny2=nz2 also include polymers derived from nematic
liquid crystal monomers.

[0072] When the depolarizing film of the present invention
is substantially composed of the liquid crystal compounds (1
and (2), 1 to 15 parts by weight of the liquid crystal compound
(1) is preferably blended based on 100 parts by weight of the
liquid crystal compound (2), more preferably 2 to 10 parts by
weight, even more preferably 2 to 8 parts by weight of the
liquid crystal compound (1). If the blending ratio of the liquid
crystal compound (1) is too low, the content of the liquid
crystal compound (2) that is not oriented around the portion of
the liquid crystal compound (1) can be high so that the haze
vale of the film can be undesirably high. If the blending ratio
of the liquid crystal compound (1) 1s too high, the content of
the liquid crystal compound (2) can be too low so that it can
be undesirably difficult to orient the liquid crystal compound
(2) in all directions of the film plane.

[0073] The depolarizing film of the present invention may
be typically obtained by a process including the steps of:
[0074] (1) preparing a solution containing the liquid crystal
compounds (1) and (2);

[0075] (2) applying the solution to a substrate that does not
undergo alignment treatment; and

[0076] (3) solidifying the solution applied to the substrate
to form a film.
[0077] Inthe step (1), the liquid crystal compounds (1) and

(2) are dispersed or dissolved to prepare a solution. The
solvent used to form the solution may dissolve both the liquid
crystal compounds (1) and (2) or dissolve only the liquid
crystal compound (1) but allow the forming material of liquid
crystal compound (2) to be dispersed therein. The solvent
may be appropriately selected depending on the materials.
Examples of solvents that may be used include ester solvents
such as ethyl acetate, propyl acetate, butyl acetate, isobutyl
acetate, butyl propionate, and caprolactone; ketone solvents
such as acetone, methyl ethyl ketone, methy! propyl ketone,
methyl isopropyl ketone, methyl isobutyl ketone, diethyl
ketone, cyclopentanone, cyclohexanone, and methylcyclo-
hexanone; hydrocarbon solvents such as toluene; sulfoxide
solvents such as dimethylsulfoxide; amide solvents such as
dimethylformamide, dimethylacetamide, and N-methylpyr-
rolidone; and halogenated hydrocarbon solvents such as
methylene chloride and chloroform. One or more of these
solvents may be used alone or in combination. The solvent is
preferably a ketone solvent or a combination of a ketone
solvent and an ester solvent or a hydrocarbon solvent. In
particular, a combination of ethyl acetate and cyclopen-
tanone, a combination of acetone and cyclopentanone, or a
combination of toluene and cyclopentanone is preferred in
view of the solubility of the liquid crystal compounds (1) and
(2) or easiness of formation of the structure illustrated in FIG.
1. The solids content of the solution is generally adjusted to 10
to 50% by weight, preferably 25 to 35% by weight.

[0078] When a photopolymerizable compound(s) is used
for the liquid crystal compound (1) and/or the liquid crystal
compound (2), a photopolymerization initiator may be added
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to the solution. Examples of such a photopolymerization
initiator include Irgacure 907, 184, 651, and 369 each manu-
factured by Ciba Specialty Chemicals Inc. The photopoly-
merizable compound may be immobilized by ultraviolet irra-
diation. In general, the photopolymerization initiator is
preferably added in an amount of about 0.5 to about 10 parts
by weight, more preferably 1 to 8 parts by weight, based on
100 parts by weight of the photopolymerizable compound.
[0079] The solution may also contain various additives and
so on. For example, if necessary, an ultraviolet absorbing
agent, an antioxidant, a surfactant, or the like may be added,
in the manufacturing process, for the desired purpose such as
the purpose of imparting leveling capability or improving the
durability of the film.

[0080] If bubbles enter the solution under stirring, the
bubbles may cause isotropic scattering after the film is
formed. For example, therefore, the solution may be degassed
immediately before a film is produced from the solution.
Examples of the degassing method that may be used include,
but not limited to, a method of allowing the solution to stand
under pressurized or vacuum conditions, and a method of
heating the solution at a temperature where the solvent hardly
vaporizes.

[0081] In the next step (2), the solution is applied to a
substrate that does not undergo alignment treatment. Any
known method of application may be used, such as spin
coating, roll coating, flow coating, printing, dip coating, film
casting, bar coating, or gravure printing.

[0082] The substrate may be in the form of any of a glass
substrate, a plastic sheet and a plastic film. The thickness of
the substrate is generally from about 10 to about 1000 um.
[0083] The plastic film may be made of any plastic material
that shows no change at the temperature where the liquid
crystal compounds (1) and (2) are oriented. Examples of the
plastic film include films of transparent polymers such as
polyester polymers such as polyethylene terephthalate and
polyethylene naphthalate, cellulose polymers such as
diacetyl cellulose and triacetyl cellulose, polycarbonate poly-
mers, acrylic polymers such as poly(methyl methacrylate),
styrene polymers such as polystyrene and acrylonitrile-sty-
rene copolymers, olefin polymers such as polyethylene,
polypropylene, cyclic or norbornene structure-containing
polyolefins, and ethylene-propylene copolymers, vinyl chlo-
ride polymers, amide polymers such as nylon and aromatic
polyamide, imide polymers, sulfone polymers, polyether sul-
fone polymers, polyether ether ketone polymers, polyphe-
nylene sulfide polymers, vinyl alcohol polymers, vinylidene
chloride polymers, vinyl butyral polymers, arylate polymers,
polyoxymethylene polymers, epoxy polymers, and blends of
any of the above polymers.

[0084] Among the plastic films, a norbornene structure-
containing plastic film or a saponified cellulose film used as
the substrate may also be used as a part of the depolarizing
film, because its optical anisotropy is very low.

[0085] In the next step (3), the solution applied to the sub-
strate is solidified to form a film.

[0086] When the liquid crystal compound (1) and/or the
liquid crystal compound (2) includes no photopolymerizable
compound, the solution may be solidified by removal of the
solvent by drying. The drying temperature and the drying
time period are not particularly limited and may be set, as
appropriate, depending on the concentration of the solution,
the type of the solvent, or the like. The drying temperature is
typically from 30 to 200° C., preferably from 50to 150°C., in
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particular, preferably from 70 to 130° C. The drying time
period is typically from 1 to 50 minutes, preferably from 2 to
10 minutes, in particular preferably 3 to 5 minutes.

[0087] When the forming materials of liquid crystal com-
pound (1) and/or the liquid crystal compound (2) includes a
photopolymerizable compound, the solution may be solidi-
fied by curing the photopolymerizable compound by ultra-
violet irradiation after the drying process. The ultraviolet
irradiation conditions preferably include an inert gas atmo-
sphere in order to achieve sufficient surface curing. The ultra-
violet irradiation is generally performed at a total dose of
about 100 to 500 mJ/em?. An ultraviolet high-pressure mer-
cury lamp, a UV metal halide lamp, or the like may be used as
the ultraviolet irradiation device.

[0088] In the resulting depolarizing film, the liquid crystal
compound (1), particularly the liquid crystal compound (1)
capable of providing a refractive index distribution satisfying
nx1=nyl<nzl, specifically a homeotropically-orienting side-
chain liquid crystal polymer, can be vertically oriented in the
film thickness direction, even when no vertical alignment film
is used. The liquid crystal compound (2) capable of providing
arefractive index distribution satisfying nx2>ny2~nz2 is not
influenced by the orientation of the substrate but oriented
parallel to the film plane in all directions around the portion of
the liquid crystal compound (1) by the influence of the verti-
cally oriented liquid crystal compound (1).

[0089] The depolarizing film of the present invention is
highly practical, because it can be easily produced by the
production method of the present invention and has a high
level of performance and other properties even though it is
relatively thin.

[0090] The film of the depolarizing film of the present
invention has a thickness of 1 to 10 pm. Within this thickness
range, the in-plane retardation of the film can be controlled to
be about A/4 as described above depending on the type of the
liquid crystal compound (2). Any method may be used to
control the thickness. For example, the thickness may be
controlled by appropriately controlling the amount of appli-
cation of the solution in the process of producing a film from
the solution.

[0091] The depolarizing film of the present invention may
be used in combination with a polarizer to form an optical
film.

[0092] A polarizer is not limited especially but various
kinds of polarizer may be used. As a polarizer, for example, a
film thatis uniaxially stretched after having dichromatic sub-
stances, such as iodine and dichromatic dye, absorbed to
hydrophilic high molecular weight polymer films, such as
polyvinyl alcohol type film, partially formalized polyvinyl
alcohol type film, and ethylene-vinyl acetate copolymer type
partially saponified film; poly-ene type alignment films, such
as dehydrated polyvinyl alcohol and dehydrochlorinated
polyvinyl chloride, etc. may be mentioned. In these, a poly-
vinyl alcohol type film on which dichromatic materials such
as iodine, is absorbed and aligned after stretched is suitably
used. Although thickness of polarizer is not especially lim-
ited, the thickness of about 5 to 80 pm is commonly adopted.
[0093] A polarizer that is uniaxially stretched after a poly-
vinyl alcohol type film dyed with iodine is obtained by
stretching a polyvinyl alcohol film by 3 to 7 times the original
length, after dipped and dyed in aqueous solution of iodine. If
needed the film may also be dipped in aqueous solutions, such
as boric acid and potassium iodide, which may include zinc
sulfate, zinc chloride. Furthermore, before dyeing, the poly-
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vinyl alcohol type film may be dipped in water and rinsed if
needed. By rinsing polyvinyl alcohol type film with water,
effect of preventing un-uniformity, such as unevenness of
dyeing, is expected by making polyvinyl alcohol type film
swelled in addition that also soils and blocking inhibitors on
the polyvinyl alcohol type film surface may be washed off.
Stretching may be applied after dyed with iodine or may be
applied concurrently, or conversely dyeing with iodine may
be applied after stretching. Stretching is applicable in aque-
ous solutions, such as boric acid and potassium iodide, and in
water bath.

[0094] A polarizer may be used as it is to form the optical
film. Alternatively, a polarizing plate is generally used, which
includes a polarizer and a transparent protective film placed
on one or both sides of the polarizer.

[0095] A thermoplastic resin with a high level of transpar-
ency, mechanical strength, thermal stability, moisture block-
ing properties, isotropy, and the like may be used as a material
for forming the transparent protective film. Examples of such
a thermoplastic resin include cellulose resins such as triace-
tylcellulose, polyester resins, polyethersulfone resins,
polysulfone resins, polycarbonate resins, polyamide resins,
polyimide resins, polyolefin resins, (meth)acrylic resins,
cyclic olefin polymer resins (norbornene resins), polyarylate
resins, polystyrene resins, polyvinyl alcohol resins, and any
mixture thereof. The transparent protective film is generally
laminated to one side of the polarizer with the adhesive layer,
but thermosetting resins or ultraviolet curing resins such as
(meth)acrylic, urethane, acrylic urethane, epoxy, or silicone
resins may be used to other side of the polarizer for the
transparent protective film. The transparent protective film
may also contain at least one type of any appropriate additive.
Examples of the additive include an ultraviolet absorbing
agent, an antioxidant, a lubricant, a plasticizer, a release
agent, an anti-discoloration agent, a flame retardant, a nucle-
ating agent, an antistatic agent, a pigment, and a colorant. The
content of the thermoplastic resin in the transparent protective
film is preferably from 50 to 100% by weight, more prefer-
ably from 50 to 99% by weight, still more preferably from 60
to 98% by weight, particularly preferably from 70 to 97% by
weight. If the content of the thermoplastic resin in the trans-
parent protective film is 50% by weight or less, high trans-
parency and other properties inherent in the thermoplastic
resin can fail to be sufficiently exhibited.

[0096] Moreover, transparent protective film as is
described in JP-A No. 2001-343529 (WO 01/37007), poly-
mer films, for example, resin compositions including (A)
thermoplastic resins having substituted and/or non-substi-
tuted imido group in sidechain, and (B) thermoplastic resins
having substituted and/or non-substituted phenyl and nitrile
group in sidechain may be mentioned. As an illustrative
example, a film may be mentioned that is made of a resin
composition including alternating copolymer comprising
iso-butylene and N-methyl maleimide, and acrylonitrile-sty-
rene copolymer. A film comprising mixture extruded article
of resin compositions etc. may be used. Since the films are
less in retardation and less in photoelastic coefficient, faults
such as unevenness due to a strain in a polarizing plate can be
removed and besides, since they are less in moisture perme-
ability, they are excellent in durability under humidified envi-
ronment.

[0097] Thickness of the transparent protective film can be
properly determined and generally in the range of from about
1 to 500 um from the viewpoint of a strength, workability



US 2009/0244474 Al

such as handlability, requirement for a thin film and the like.
Especially, the thickness is preferably in the range of from 1
to 300 pm and more preferably in the range of from 5 to 200
um. Therefore, it is particularly preferred that the transparent
protective film has a thickness of 5 to 150 pm.

[0098] Note that in a case where the transparent protective
films are provided on both sides of a polarizer, the protective
films made from the same polymer may be used on both sides
thereof or alternatively, the transparent protective films made
from polymer materials different from each other may also be
used on respective both sides thereof. If the transparent pro-
tective films are made from different polymer materials, the
depolarizing film of the present invention is applied to the
transparent protective film placed on a viewer side.

[0099] At least one selected from a cellulose resin, a poly-
carbonate resin, a cyclic polyolefin resin, and a (meth)acrylic
resin is preferably used for the transparent protective film
according to the present invention.

[0100] Thecellulose resinisan ester of cellulose and a fatty
acid. Examples of such a cellulose ester resin include triacetyl
cellulose, diacetyl cellulose, tripropionyl cellulose, dipropio-
nyl cellulose, and the like. In particular, triacetyl cellulose is
preferred. Much commercially available triacetyl celluloses
are placing on sale and are advantageous in view of easy
availability and cost. Examples of commercially available
products of triacetyl cellulose include UV-50, UV-80, SH-80,
TD-80U, TD-TAC, and UZ-TAC (trade names) manufactured
by Fuyjifilm Corporation, and KC series manufactured by
Konica Minolta. In general, these triacetyl cellulose products
have thickness direction retardation (Rth) of about 60 nm or
less, while having in-plane retardation (Re) of almost zero.
[0101] Cellulose resin films with relatively small thickness
direction retardation may be obtained by processing any of
the above cellulose resins. Examples of the processing
method include a method that includes laminating a general
cellulose-based film to a base film such as a polyethylene
terephthalate, polypropylene, or stainless steel film, coated
with asolvent such as cyclopentanone or methyl ethyl ketone,
drying the laminate by heating (for example, at 80 to 150° C.
for 3 to 10 minutes) and then separating the base film; and a
method that includes coating a general cellulose resin film
with a solution of a norbornene resin, a (meth)acrylic resin or
the like in a solvent such as cyclopentanone or methyl ethyl
ketone, drying the coated film by heating (for example, at 80
to 150° C. for 3 to 10 minutes), and then separating the
coating.

[0102] Thecellulose resin film with a relatively small thick-
ness direction retardation to be used may be a fatty acid
cellulose resin film with a controlled degree of fat substitu-
tion. While triacetyl cellulose for general use has a degree of
acetic acid substitution of about 2.8, preferably, the degree of
acetic acid substitution is controlled to 1.8 to 2.7, so that the
Rth can be reduced. The Rth may also be controlled to be low
by adding a plasticizer such as dibutyl phthalate, p-toluene-
sulfonanilide, and acetyl triethyl citrate, to the fatty acid-
substituted celluloseresin. The plasticizer is preferably added
in amount of 40 parts by weight or less, more preferably of 1
to 20 parts by weight, still more preferably of 1 to 15 parts by
weight, to 100 parts by weight of the fatty acid cellulose resin.
[0103] For example, the cyclic polyolefin resin is prefer-
ably a norbornene resin. Cyclic olefin resin is a generic name
for resins produced by polymerization of cyclic olefin used as
a polymerizable unit, and examples thereof include the resins
disclosed in JP-A Nos. 01-240517, 03-14882, and
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03-122137. Specific examples thereof include ring-opened
(co)polymers of cyclic olefins, addition polymers of cyclic
olefins, copolymers (typically random copolymers) of cyclic
olefins and a-olefins such as ethylene and propylene, graft
polymers produced by modification thereof with unsaturated
carboxylic acids or derivatives thereof, and hydrides thereof.
Examples of the cyclic olefin include norbornene monomers.

[0104] Various commercially available cyclic polyolefin
resins are placing on sale. Examples thereof include Zeonex
(trade name) and Zeonor (trade name) series manufactured by
Zeon Corporation, Arton (trade name) series manufactured
by JSR Corporation, Topas (trade name) series manufactured
by Ticona, and Apel (trade name) series manufactured by
Mitsui Chemicals, Inc.

[0105] The (meth)acrylic resin preferably has a glass tran-
sition temperature (Tg) of 115° C. or more, more preferably
of 120° C. or more, still more preferably of 125° C. or more,
particularly preferably 0of130° C. or more. Ifthe Tgis 115° C.
or more, the resulting polarizing plate can have good durabil-
ity. The upper limit to the Tg of the (meth)acrylic resin is
preferably, but not limited to, 170° C. or less, in view of
formability and the like. The (meth)acrylic resin can form a
film with in-plane retardation (Re) of almost zero and thick-
ness direction retardation (Rth) of almost zero.

[0106] Any appropriate (meth)acrylic resin may be used as
long as the advantages of the present invention are not
reduced. Examples of such a (meth)acrylic resin include poly
(meth)acrylate such as poly(methyl methacrylate), methyl
methacrylate-(meth)acrylic acid copolymers, methyl meth-
acrylate-(meth)acrylate copolymers, methyl methacrylate-
acrylate-(meth)acrylic acid copolymers, methyl(meth)acry-
late-styrene copolymers (such as MS resins), and alicyclic
hydrocarbon group-containing polymers (such as methyl
methacrylate-cyclohexyl methacrylate copolymers and
methyl methacrylate-norbornyl(meth)acrylate copolymers).
Poly(C, ¢ alkyl(meth)acrylate) such as poly(methyl(meth)
acrylate) is preferred, and a methyl methacrylate-based resin
mainly composed of a methyl methacrylate unit (50 to 100%
by weight, preferably 70 to 100% by weight) is more pre-
ferred.

[0107] Examples ofthe (meth)acrylic resininclude Acrypet
VH and Acrypet VRL20A each manufactured by Mitsubishi
Rayon Co., Ltd., (meth)acrylic resins having a ring structure
in their molecule as disclosed in JP-A No. 2004-70296, and
high-Tg (meth)acrylic resins produced by intramolecular
crosslinking or intramolecular cyclization reaction.

[0108] Lactone ring structure-containing (meth)acrylic
resins may also be used, because they have high heat resis-
tance and high transparency and also have high mechanical
strength after biaxially stretched.

[0109] Examples of the lactone ring structure-containing
(meth)acrylic reins include the lactone ring structure-contain-
ing (meth)acrylic reins disclosed in JP-A Nos. 2000-230016,
2001-151814, 2002-120326, 2002-254544, and 2005-
146084.

[0110] The lactone ring structure-containing (meth)acrylic
reins preferably have a ring structure represented by the fol-
lowing formula (d):
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[Formula (d)]
COOR? R?
|/CH2 |
T
cH C

7N N

[0111] wherein R, R* and R? each independently represent
a hydrogen atom or an organic residue of 1 to 20 carbon
atoms. The organic residue may contain an oxygen atom(s).
[0112] Thecontent of the lactone ring structure represented
by the formula (d) in the lactone ring structure-containing
(meth)acrylic resin is preferably from 5 to 90% by weight,
more preferably from 10 to 70% by weight, still more pref-
erably from 10 to 60% by weight, particularly preferably
from 10 to 50% by weight. If the content of the lactone ring
structure represented by the formula (d) in the lactone ring
structure-containing (meth)acrylic resin is less than 5% by
weight, its heat resistance, solvent resistance or surface hard-
ness can be insufficient. If the content of the lactone ring
structure represented by the formula (d) in the lactone ring
structure-containing (meth)acrylic resin is more than 90% by
weight, its formability or workability can be poor.

[0113] The lactone ring structure-containing (meth)acrylic
resin preferably has a mass average molecular weight (also
referred to as weight average molecular weight) of 1,000 to
2,000,000, more preferably of 5,000 to 1,000,000, still more
preferably of 10,000 to 500,000, particularly preferably of
50,000 to 500,000. A mass average molecular weight outside
the above range is not preferred in view of formability or
workability.

[0114] The lactone ring structure-containing (meth)acrylic
resin preferably has a Tg of 115° C. or more, more preferably
of 120° C. or more, still more preferably of 125° C. or more,
particularly preferably of 130° C. or more. For example, the
resin with a Tg of 115° C. or more can produce good dura-
bility, when it is incorporated in the form of a transparent
protective film in a polarizing plate. The upper limit to the Tg
of the lactone ring structure-containing (meth)acrylic resin is
preferably, but not limited to, 170° C. or less in view of
formability and the like.

[0115] The total light transmittance of the lactone ring
structure-containing (meth)acrylic resin, which may be mea-
sured according to ASTM-D-1003 with respect to injection
molded products, is preferably as high as possible, and spe-
cifically, it is preferably 85% or more, more preferably 88%
or more, still more preferably 90% or more. The total light
transmittance is an index of transparency, and a total light
transmittance of less than 85% can result in reduced transpar-
ency.

[0116] The transparent protective film to be used generally
has an in-plane retardation of less than 40 nm and a thickness
direction retardation of less than 80 nm. The in-plane retar-
dation Re is expressed by the formula Re=(nx-ny)xd, the
thickness direction retardation Rth is expressed by the for-
mula Rth=(nx-nz)xd, and the Nz coefficient is represented by
the formula Nz=(nx-nz)/(nx-ny), where nx, ny and nz are the
refractive indices of the film in the directions of its slow axis,
fast axis and thickness, respectively, d is the thickness (nm) of
the film, and the direction of the slow axis is a direction in
which the in-plane refractive index of the film is maximum.
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Moreover, it is preferable that the transparent protective film
may have as little coloring as possible. A protective film
having a thickness direction retardation of from =90 nm to
+75 nm may be preferably used. Thus, coloring (optical col-
oring) of polarizing plate resulting from a protective film may
mostly be cancelled using a protective film having a thickness
direction retardation (Rth) of from =90 nm to +75 nm. The
thickness direction retardation (Rth) is preferably from -80
nm to +60 nm, and especially preferably from =70 nm to +45
nm.

[0117] Alternatively, the transparent protective film to be
used may be a retardation plate having in-plane retardation of
40 nm or more and/or a thickness direction retardation of 80
nm or more. The in-plane retardation is generally controlled
in the range of 40 to 200 nm, and the thickness direction
retardation is generally controlled in the range of 80 to 300
nm. The retardation plate for use as the transparent protective
film also has the function of the transparent protective film
and thus can contribute to a reduction in thickness.

[0118] Examples of the retardation plate include a birefrin-
gent film produced by uniaxially or biaxially stretching a
polymer material, an oriented liquid crystal polymer film, and
an oriented liquid crystal polymer layer supported on a film.
The thickness of the retardation plate is generally, but not
limited to, from about 20 to 150 pm.

[0119] Examples of the polymer material include polyvinyl
alcohol, polyvinyl butyral, poly(methyl vinyl ether), poly
(hydroxyethyl acrylate), hydroxyethyl cellulose, hydrox-
ypropyl cellulose, methylcellulose, polycarbonate, polyary-
late, polysulfone, polyethylene terephthalate, polyethylene
naphthalate, polyethersulfone, polyphenylene sulfide,
polyphenylene oxide, polyallylsulfone, polyamide, polyim-
ide, polyolefin, polyvinyl chloride, cellulose resins, cyclic
polyolefin resins (norbornene reins), and various types of
binary or ternary copolymers thereof, graft copolymers
thereof, and any blend thereof. Any of these polymer materi-
als may be formed into an oriented product (a stretched film)
by stretching or the like.

[0120] Examples of the liquid crystal polymer include vari-
ous main-chain or side-chain types having a liquid crystal
molecular orientation property-imparting conjugated linear
atomic group (mesogen) introduced in a main or side chain of
a polymer. Examples of the main chain type liquid crystal
polymer include polymers having a mesogen group bonded
thereto via a flexibility-imparting spacer moiety, such as nem-
atically ordered polyester liquid-crystalline polymers, dis-
cotic polymers, and cholesteric polymers. For example, the
side-chain type liquid crystal polymer may be a polymer
comprising: a main chain skeleton of polysiloxane, polyacry-
late, polymethacrylate, or polymalonate; and a side chain
having a mesogen moiety that comprises a nematic orienta-
tion-imparting para-substituted cyclic compound unit and is
bonded thereto via a spacer moiety comprising a conjugated
atomic group. For example, any of these liquid crystal poly-
mers may be applied by a process that includes spreading a
solution of the liquid crystalline polymer on an alignment
surface such as a rubbed surface of a thin film of polyimide,
polyvinyl alcohol or the like, formed on the glass plate, and an
obliquely vapor-deposited silicon oxide surface, and heat-
treating it.

[0121] The retardation plate may have any appropriate
retardation depending on the intended use such as compen-
sation for coloration, viewing angle, or the like due to the
birefringence of various wave plates or liquid crystal layers.
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Two or more types of retardation plates may also be laminated
to provide controlled optical properties, including retarda-
tion.

[0122] A retardation plate satisfying the relation:
nX=ny>n7z, nx>ny>nz, NX>ny=nz, nx>nz>ny, nz=nx>ny,
nz>nx>ny, or nz>nx=ny may be selected and used depending
on various applications. The relation ny=nz includes not only
the case where ny is completely equal to nz but also the case
where ny is substantially equal to nz.

[0123] For example, the retardation plate satisfying the
relation nx>ny>nz to be used preferably has in-plane retarda-
tion of 40 to 100 nm, a thickness retardation of 100to 320 nm,
and an Nz coefficient of 1.8 to 4.5. For example, the retarda-
tion plate satisfying the relation nx>ny=nz (positive A-plate)
to be used preferably has in-plane retardation of 100 to 200
nm. For example, the retardation plate satisfying the relation
nz=nx>ny (negative A plate) to be used preferably has in-
plane retardation of 100 to 200 nm. For example, the retarda-
tion plate satisfying the relation nx>nz>ny to be used prefer-
ably has in-plane retardation of 150 to 300 nm and an Nz
coefficient of more than 0 and not more than 0.7. As described
above, for example, the retardation plate satisfying the rela-
tion nx=ny>nz, nz>nx>ny or nz>nx=ny may also be used.
[0124] The transparent protective film may be appropri-
ately selected depending on the liquid crystal display to be
produced therewith. In the case of VA (Vertical Alignment,
including MVA and PVA), it is preferred that the transparent
protective film on at least one side of the polarizing plate (on
the cell side) has a retardation. Specifically, it preferably has
a retardation Re in the range of 0 to 240 nm and a retardation
Rth in the range 0f 0 to 500 nm. In terms of three-dimensional
refractive index, the case of nx>ny=nz, nx>ny>nz, nx>nz>ny,
or nx=ny>nz (positive A-plate, biaxial, negative C-plate) is
preferred. In VA mode, preferable are combination of a posi-
tive A-plate and a negative C-plate or a single use of a biaxial
film. When polarizing plates are used on upper and lower
sides of a liquid crystal cell, the transparent protective films
may have a retardation on upper and lower sides of the liquid
crystal cell, or one of the upper and lower transparent protec-
tive films may has a retardation.

[0125] Forexample, in the case of IPS (In-Plane Switching,
including FFS), the transparent protective film for use in one
of the polarizing plates may have or may not have a retarda-
tion. For example, a transparent protective film with no retar-
dation is preferably provided on both upper and lower sides of
a liquid crystal cell (cell sides), or otherwise a transparent
protective film with a retardation is preferably provided on
both or one of the upper and lower sides of a liquid crystal cell
(for example, a biaxial film satisfying the relation nx>nz>ny
on the upper side with no retardation on the lower side or a
positive A-plate provided on the upper side with a positive
C-plate provided on the lower side). When it has retardation,
it preferably has a retardation Re in the range of =500 to 500
nm and retardation Rth in the range of -500 to 500 nm. In
terms of three-dimensional refractive index, nx>ny=nz,
nx>nz>ny, nZ>nx=ny, or nz>nx>ny (positive A-plate, biaxial,
positive C-plate) is preferred.

[0126] The film with retardation may be separately pre-
pared and laminated to a transparent protective film with no
retardation so that the function described above can be pro-
vided.

[0127] The polarizer or the transparent protective film may
be subjected to surface modification treatment before it is
applied with the adhesive. Specific examples of such treat-
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ment include corona treatment, plasma treatment, primer
treatment, saponification treatment, and coupling agent treat-
ment.

[0128] A hard coat layer may be prepared, or antireflection
processing, processing aiming at sticking prevention, diffu-
sion or anti glare may be performed onto the face on which the
polarizing film of the above described transparent protective
film has not been adhered.

[0129] A hard coat processing is applied for the purpose of
protecting the surface of the polarizing plate from damage,
and this hard coat film may be formed by a method in which,
for example, a curable coated film with excellent hardness,
slide property etc. is added on the surface of the protective
film using suitable ultraviolet curable type resins, such as
acrylic type and silicone type resins. Antireflection process-
ing is applied for the purpose of antireflection of outdoor
daylight on the surface of a polarizing plate and it may be
prepared by forming an antireflection film according to the
conventional method etc. Besides, a sticking prevention pro-
cessing is applied for the purpose of adherence prevention
with adjoining layer, which is exemplified such as diffusion
layer of backlight side.

[0130] In addition, an anti glare processing is applied in
order to prevent a disadvantage that outdoor daylight reflects
on the surface of a polarizing plate to disturb visual recogni-
tion of transmitting light through the polarizing plate, and the
processing may be applied, for example, by giving a fine
concavo-convex structure to a surface of the protective film
using, for example, a suitable method, such as rough surfac-
ing treatment method by sandblasting or embossing and a
method of combining transparent fine particle. As a fine par-
ticle combined in order to form a fine concavo-convex struc-
ture on the above-mentioned surface, transparent fine par-
ticles whose average particle size is 0.5 to 20 um, for example,
such as inorganic type fine particles that may have conduc-
tivity comprising silica, alumina, titania, zirconia, tin oxides,
indium oxides, cadmium oxides, antimony oxides, etc., and
organic type fine particles comprising cross-linked of non-
cross-linked polymers may be used. When forming fine con-
cavo-convex structure on the surface, the amount of fine par-
ticle used is usually about 2 to 70 weight parts to the
transparent resin 100 weight parts that forms the fine con-
cavo-convex structure on the surface, and preferably 5 to 50
weight parts. An anti glare layer may serve as a diffusion layer
(viewing angle expanding function etc.) for diffusing trans-
mitting light through the polarizing plate and expanding a
viewing angle etc.

[0131] In addition, the above-mentioned antireflection
layer, sticking prevention layer, diffusion layer, anti glare
layer, etc. may be built in the protective film itself, and also
they may be prepared as an optical layer different from the
protective film.

[0132] Anadhesive may be used to bond the polarizer to the
transparent protective film. Examples of the adhesive include
isocyanate adhesives, polyvinyl alcohol adhesives, gelatin
adhesives, vinyl adhesives, latex adhesives, and aqueous
polyester adhesives. The adhesive is generally used in the
form of an aqueous solution generally having a solids content
of 0.5 to 60% by weight. Besides the above adhesives, ultra-
violet-curable adhesives, electron beam-curable adhesives or
the like may also be used to bond the polarizer to the trans-
parent protective film. Electron beam-curable adhesives for
polarizing plates exhibit good adhesion to the above different
types of transparent protective films. Adhesives that may be
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used in an embodiment of the present invention may also
contain a metal compound filler.

[0133] Thedepolarizing film of the present invention or the
optical film including the depolarizing film and a polarizer
may be used for a liquid crystal display.

[0134] Theliquid crystal display may be fabricated accord-
ing to conventional techniques. The liquid crystal display is
generally formed by assembling a liquid crystal cell and
optional components such as a lighting system and incorpo-
rating a driving circuit. The liquid crystal display also
includes polarizers provided on both sides of the liquid crystal
cell. The depolarizing film of the present invention may be
used to form any liquid crystal display according to conven-
tional techniques, except that it is placed on the viewer side
with respect to the viewer side polarizer. The liquid crystal
celltobe used may be of any type, such as TN type, STN type,
n type, VA type, or IPS type.

[0135] A backlight or a reflector may be used for the light-
ing system to form the desired liquid crystal display. Further-
more, in assembling a liquid crystal display, suitable parts,
such as diffusion plate, anti-glare layer, antireflection film,
protective plate, prism array, lens array sheet, optical diffu-
sion plate, and backlight, may be installed in suitable position
in one layer or two or more layers.

[0136] Besides theabove components, various optical films
may also be used for the liquid crystal display. An optical film
may be used as other optical layers, such as a reflective plate,
a transflective plate, a retardation plate (a half wavelength
plate and a quarter wavelength plate included), and a viewing
angle compensation film, which may be used for formation of
a liquid crystal display etc. These are used in practice as an
optical film, or as one layer or two layers or more of optical
layers laminated with polarizing plate.

[0137] Especially preferable polarizing plates are; a reflec-
tion type polarization plate or a transflective type polarization
plate in which a reflective plate or a transflective reflective
plate is further laminated onto a polarizing plate of the present
invention; an elliptically polarizing plate or a circular polar-
izing plate in which a retardation plate is further laminated
onto the polarizing plate; a wide viewing angle polarization
plate in which a viewing angle compensation film is further
laminated onto the polarizing plate; or a polarizing plate in
which a brightness enhancement film is further laminated
onto the polarizing plate.

[0138] A reflective layer is prepared on a polarization plate
to give a reflection type polarization plate, and this type of
plate is used for a liquid crystal display in which an incident
light from a view side (display side) is reflected to give a
display. This type of plate does not require built-in light
sources, such as a backlight, but has an advantage that aliquid
crystal display may easily be made thinner. A reflection type
polarization plate may be formed using suitable methods,
such as a method in which a reflective layer of metal etc. is, if
required, attached to one side of a polarization plate through
a transparent protective layer etc.

[0139] As an example of a reflection type polarization
plate, a plate may be mentioned on which, if required, a
reflective layer is formed using a method of attaching a foil
and vapor deposition film of reflective metals, such as alumi-
num, to one side of a matte treated protective film. Moreover,
a different type of plate with a fine concavo-convex structure
on the surface obtained by mixing fine particle into the trans-
parent protective film, on which a reflective layer of concavo-
convex structure is prepared, may be mentioned. The reflec-
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tive layer that has the fine concavo-convex structure diffuses
incident light by random reflection to prevent directivity and
glaring appearance, and has an advantage of controlling
unevenness of light and darkness etc. Moreover, the transpar-
ent protective film containing the fine particle has an advan-
tage that unevenness of light and darkness may be controlled
more effectively, as a result that an incident light and its
reflected light that is transmitted through the film are diffused.
A reflective layer with fine concavo-convex structure on the
surface effected by a surface fine concavo-convex structure of
a protective film may be formed by a method of attaching a
metal to the surface of a transparent protective layer directly
using, for example, suitable methods of'a vacuum evaporation
method, such as a vacuum deposition method, an ion plating
method, and a sputtering method, and a plating method etc.
[0140] Instead of a method in which a reflection plate is
directly given to the protective film of the polarization plate,
a reflection plate may also be used as a reflective sheet con-
stituted by preparing a reflective layer on the suitable film for
the transparent film. In addition, since a reflective layer is
usually made of metal, it is desirable that the reflective side is
covered with a protective film or a polarization plate etc.
when used, from a viewpoint of preventing deterioration in
reflectance by oxidation, of maintaining an initial reflectance
for a long period of time and of avoiding preparation of a
protective layer separately etc.

[0141] Inaddition, a transflective type polarizing plate may
be obtained by preparing the reflective layer as a transflective
type reflective layer, such as a half-mirror etc. that reflects and
transmits light. A transflective type polarization plate is usu-
ally prepared in the backside of a liquid crystal cell and it may
form a liquid crystal display unit of a type in which a picture
is displayed by an incident light reflected from a view side
(display side) when used in a comparatively well-lighted
atmosphere. And this unit displays a picture, in a compara-
tively dark atmosphere, using embedded type light sources,
such as a back light built in backside of a transflective type
polarization plate. That is, the transflective type polarization
plate is useful to obtain of a liquid crystal display of the type
that saves energy of light sources, such as a back light, in a
well-lighted atmosphere, and can be used with a built-in light
source if needed in a comparatively dark atmosphere etc.
[0142] A description of the elliptically polarization plate or
circularly polarization plate on which the retardation plate is
laminated to the polarization plates will be made in the fol-
lowing paragraph. These polarization plates change linearly
polarized light into elliptically polarized light or circularly
polarized light, elliptically polarized light or circularly polar-
ized light into linearly polarized light or change the polariza-
tion direction of linearly polarization by a function of the
retardation plate. As a retardation plate that changes circu-
larly polarized light into linearly polarized light or linearly
polarized light into circularly polarized light, what is called a
quarter wavelength plate (also called A/4 plate) is used. Usu-
ally, half-wavelength plate (also called A/2 plate) is used,
when changing the polarization direction of linearly polar-
ized light.

[0143] Elliptically polarization plate is effectively used to
give a monochrome display without the coloring by compen-
sating (preventing) coloring (blue or yellow color) produced
by birefringence of a liquid crystal layer of a super twisted
nematic (STN) type liquid crystal display. Furthermore, a
polarization plate in which three-dimensional refractive
index is controlled may also preferably compensate (prevent)



US 2009/0244474 Al

coloring produced when a screen of a liquid crystal display is
viewed from an oblique direction. Circularly polarization
plate is effectively used, for example, when adjusting a color
tone of a picture of a reflection type liquid crystal display that
provides a colored picture, and it also has function of antire-
flection.

[0144] The elliptically polarization plate and the reflected
type elliptically polarization plate are laminated plate com-
bining suitably a polarization plate or a reflection type polar-
ization plate with a retardation plate. This type of elliptically
polarization plate etc. may be manufactured by combining a
polarization plate (reflected type) and a retardation plate, and
by laminating them one by one separately in the manufacture
process of a liquid crystal display. On the other hand, the
polarization plate in which lamination was beforehand car-
ried out and was obtained as an optical film, such as an
elliptically polarization plate, is excellent in a stable quality,
a workability in lamination etc., and has an advantage in
improved manufacturing efficiency ofa liquid crystal display.
[0145] A viewing angle compensation film is a film for
extending viewing angle so that a picture may look compara-
tively clearly, even when it is viewed from an oblique direc-
tion not from vertical direction to a screen. As such viewing
angle compensation retardation plate, in addition, a film hav-
ing birefringence property that is processed by uniaxial
stretching or orthogonal bidirectional stretching and a biaxi-
ally stretched film as inclined orientation film etc. may be
used. As inclined orientation film, for example, a film
obtained using a method in which a heat shrinking film is
adhered to a polymer film, and then the combined film is
heated and stretched or shrunk under a condition of being
influenced by a shrinking force, or a film that is oriented in
oblique direction may be mentioned. The viewing angle com-
pensation film is suitably combined for the purpose of pre-
vention of coloring caused by change of visible angle based
on retardation by liquid crystal cell etc. and of expansion of
viewing angle with good visibility.

[0146] Besides, a compensation plate in which an optical
anisotropy layer consisting of an alignment layer of liquid
crystal polymer, especially consisting of an inclined align-
ment layer of discotic liquid crystal polymer is supported
with triacetyl cellulose film may preferably be used from a
viewpoint of attaining a wide viewing angle with good vis-
ibility.

[0147] The polarization plate with which a polarization
plate and a brightness enhancement film are adhered together
is usually used being prepared in a backside of a liquid crystal
cell. A brightness enhancement film shows a characteristic
that reflects linearly polarization light with a predetermined
polarization axis, or circularly polarization light with a pre-
determined direction, and that transmits other light, when
natural light by back lights of a liquid crystal display or by
reflection from a back-side etc., comes in. The polarization
plate, which is obtained by laminating a brightness enhance-
ment film to a polarization plate, thus does not transmit light
without the predetermined polarization state and reflects it,
while obtaining transmitted light with the predetermined
polarization state by accepting a light from light sources, such
as a backlight. This polarization plate makes the light
reflected by the brightness enhancement film further reversed
through the reflective layer prepared in the backside and
forces the light re-enter into the brightness enhancement film,
and increases the quantity of the transmitted light through the
brightness enhancement film by transmitting a part or all of
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the light as light with the predetermined polarization state.
The polarization plate simultaneously supplies polarized
light that is difficult to be absorbed in a polarizer, and
increases the quantity of the light usable for a liquid crystal
picture display etc., and as a result luminosity may be
improved. That is, in the case where the light enters through a
polarizer from backside of a liquid crystal cell by the back
light etc. without using a brightness enhancement film, most
of the light, with a polarization direction different from the
polarization axis of a polarizer, is absorbed by the polarizer,
and does not transmit through the polarizer. This means that
although influenced with the characteristics of the polarizer
used, about 50 percent of light is absorbed by the polarizer,
the quantity of the light usable for a liquid crystal picture
display etc. decreases so much, and a resulting picture dis-
played becomes dark. A brightness enhancement film does
not enter the light with the polarizing direction absorbed by
the polarizer into the polarizer but reflects the light once by
the brightness enhancement film, and further makes the light
reversed through the reflective layer etc. prepared in the back-
side to re-enter the light into the brightness enhancement film.
By this repeated operation, only when the polarization direc-
tion of the light reflected and reversed between the both
becomes to have the polarization direction which may pass a
polarizer, the brightness enhancement film transmits the light
to supply it to the polarizer. As a result, the light from a
backlight may be efficiently used for the display of the picture
of a liquid crystal display to obtain a bright screen.

[0148] A diffusion plate may also be prepared between
brightness enhancement film and the above described reflec-
tive layer, etc. A polarized light reflected by the brightness
enhancement film goes to the above described reflective layer
etc., and the diffusion plate installed diffuses passing light
uniformly and changes the light state into depolarization at
the same time. That is, the diffusion plate returns polarized
light to natural light state. Steps are repeated where light, in
the unpolarized state, i.e., natural light state, reflects through
reflective layer and the like, and again goes into brightness
enhancement film through diffusion plate toward reflective
layer and the like. Diffusion plate that returns polarized light
to the natural light state is installed between brightness
enhancement film and the above described reflective layer,
and the like, in this way, and thus a uniform and bright screen
may be provided while maintaining brightness of display
screen, and simultaneously controlling non-uniformity of
brightness of the display screen. By preparing such diffusion
plate, it is considered that number of repetition times of
reflection of a first incident light increases with sufficient
degree to provide uniform and bright display screen con-
jointly with diffusion function of the diffusion plate.

[0149] The suitable films are used as the brightness
enhancement film. Namely, multilayer thin film of a dielectric
substance; a laminated film that has the characteristics of
transmitting a linearly polarized light with a predetermined
polarizing axis, and of reflecting other light, such as the
multilayer laminated film of the thin film; an aligned film of
cholesteric liquid-crystal polymer; a film that has the charac-
teristics of reflecting a circularly polarized light with either
left-handed or right-handed rotation and transmitting other
light, such as a film on which the aligned cholesteric liquid
crystal layer is supported; etc. may be mentioned.

[0150] Therefore, in the brightness enhancement film of a
type that transmits a linearly polarized light having the pre-
determined polarization axis, by arranging the polarization
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axis of the transmitted light and entering the light into a
polarization plate as it is, the absorption loss by the polariza-
tion plate is controlled and the polarized light can be trans-
mitted efficiently. On the other hand, in the brightness
enhancement film of a type that transmits a circularly polar-
ized light as a cholesteric liquid-crystal layer, the light may be
entered into a polarizer as it is, but it is desirable to enter the
light into a polarizer after changing the circularly polarized
light to a linearly polarized light through a retardation plate,
taking control an absorption loss into consideration. In addi-
tion, a circularly polarized light is convertible into a linearly
polarized light using a quarter wavelength plate as the retar-
dation plate.

[0151] A retardation plate that works as a quarter wave-
length plate in a wide wavelength ranges, such as a visible-
light region, is obtained by a method in which a retardation
layer working as a quarter wavelength plate to a pale color
light with a wavelength of 550 nm is laminated with a retar-
dation layer having other retardation characteristics, such as a
retardation layer working as a half-wavelength plate. There-
fore, the retardation plate located between a polarization plate
and a brightness enhancement film may consist of one or
more retardation layers.

[0152] Inaddition, also ina cholesteric liquid-crystal layer,
a layer reflecting a circularly polarized light in a wide wave-
length ranges, such as a visible-light region, may be obtained
by adopting a configuration structure in which two or more
layers with different reflective wavelength are laminated
together. Thus a transmitted circularly polarized light in a
wide wavelength range may be obtained using this type of
cholesteric liquid-crystal layer.

[0153] Moreover, the polarization plate may consist of
multi-layered film of laminated layers of a polarization plate
and two of more of optical layers as the separated type polar-
ization plate. Therefore, a polarization plate may be a reflec-
tion type elliptically polarization plate or a semi-transmission
type elliptically polarization plate, etc. in which the reflection
type polarization plate or a transflective type polarization
plate is combined with above described retardation plate
respectively.

[0154] Although an optical film with the above described
optical layer laminated to the polarizing plate may be formed
by a method in which laminating is separately carried out
sequentially in manufacturing process of a liquid crystal dis-
play etc., an optical film in a form of being laminated before-
hand has an outstanding advantage that it has excellent sta-
bility in quality and assembly workability, etc., and thus
manufacturing processes ability ofaliquid crystal display etc.
may be raised. Proper adhesion means, such as a pressure-
sensitive adhesive layer, may be used for laminating. On the
occasion of adhesion of the above described polarizing plate
and other optical layers, the optical axis may be set as a
suitable configuration angle according to the target retarda-
tion characteristics etc.

[0155] The depolarizing film or the optical film laminating
the depolarizing film and the polarizer of the present inven-
tion, a pressure-sensitive adhesive layer may also be prepared
for adhesion with other members. As pressure-sensitive adhe-
sive that forms pressure-sensitive layer is not especially lim-
ited, and, for example, acrylic type polymers; silicone type
polymers; polyesters, polyurethanes, polyamides, poly-
ethers; fluorine type and rubber type polymers may be suit-
ably selected as a base polymer. Especially, a pressure-sensi-
tive adhesive such as acrylics type pressure-sensitive
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adhesives may be preferably used, which is excellent in opti-
cal transparency, showing adhesion characteristics with mod-
erate wettability, cohesiveness and adhesive property and has
outstanding weather resistance, heat resistance, etc.

[0156] Moreover, a pressure-sensitive adhesive layer with
low moisture absorption and excellent heat resistance is desit-
able. This is because those characteristics are required in
order to prevent foaming and peeling-off phenomena by
moisture absorption, in order to prevent decrease in optical
characteristics and curvature of a liquid crystal cell caused by
thermal expansion difference etc. and in order to manufacture
aliquid crystal display excellent in durability with high qual-
ity.

[0157] The pressure-sensitive adhesive layer may contain
additives, for example, such as natural or synthetic resins,
adhesive resins, glass fibers, glass beads, metal powder, fillers
comprising other inorganic powder etc., pigments, colorants
and antioxidants. Moreover, it may be a pressure-sensitive
adhesive layer that contains fine particle and shows optical
diffusion nature.

[0158] Proper method may be carried out to attach a pres-
sure-sensitive adhesive layer to one side or both sides of the
depolarizing film or the optical film. As an example, about 10
to 40 weight % of the pressure-sensitive adhesive solution in
which a base polymer or its composition is dissolved or
dispersed, for example, toluene or ethyl acetate or a mixed
solvent of these two solvents is prepared. A method in which
this solution is directly applied on the depolarizing film or the
optical film using suitable developing methods, such as flow
method and coating method, or a method in which a pressure-
sensitive adhesive layer is once formed on a separator, as
mentioned above, and is then transferred on the depolarizing
film or the optical film may be mentioned.

[0159] A pressure-sensitive adhesive layer may also be pre-
pared-on one side or both sides of the depolarizing film or the
optical film as a layer in which pressure-sensitive adhesives
with different composition or different kind etc. are laminated
together. Moreover, when pressure-sensitive adhesive layers
are prepared on both sides, pressure-sensitive adhesive layers
that have different compositions, different kinds or thickness,
etc. may also be used on front side and backside of the
depolarizing film or the optical film. Thickness of a pressure-
sensitive adhesive layer may be suitably determined depend-
ing on a purpose of usage or adhesive strength, etc., and
generally is 1 to 500 um, preferably 1 to 200 um, and more
preferably 1 to 100 pM.

[0160] A temporary separator is attached to an exposed side
of a pressure-sensitive adhesive layer to prevent contamina-
tion etc., until it is practically used. Thereby, it can be pre-
vented that foreign matter contacts pressure-sensitive adhe-
sive layer in usual handling. As a separator, without taking the
above-mentioned thickness conditions into consideration, for
example, suitable conventional sheet materials that is coated,
if necessary, with release agents, such as silicone type, long
chain alkyl type, fluorine type release agents, and molybde-
num sulfide may be used. As a suitable sheet material, plastics
films, rubber sheets, papers, cloths, no woven fabrics, nets,
foamed sheets and metallic foils or laminated sheets thereof
may be used.

[0161] In addition, ultraviolet absorbing property may be
given to the each layer of the depolarizing film or the optical
film and the pressure-sensitive adhesive layer etc., using a
method of adding UV absorbents, such as salicylic acid ester
type compounds, benzophenol type compounds, benzotriazol
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type compounds, cyano acrylate type compounds, and nickel
complex salt type compounds.

EXAMPLES

[0162] The presentinvention is more specifically described
with the examples below which are not intended to limit the
scope of the present invention.

Example 1
[0163] A depolarizing film was produced as described
below.
[0164] A side-chain liquid-crystalline acrylic polymer

(5,000 in weight average molecular weight) represented by
the below formula (e) below was used.

[Formula (e)]
H?—C02CH2CH204®7C02CN
CH,

65

H(lj_coz_(CHz)17_CH3

CH,
35

wherein, each number indicates the molar percentage (% by
mole) of each monomer unit, and, for convenience’s sake, a
block polymer form is represented by the formula (e).
[0165] 10 parts by weight of the side-chain liquid-crystal-
line acrylic polymer, 90 parts by weight of the liquid crystal-
line diacrylic monomer represented by the above mentioned
formula (10), and 7.5 parts by weight of a photopolymeriza-
tion initiator (Irgacure 907 (product name) manufactured by
Adeka Corporation) were dissolved in a mixed solvent of
cyclopentanone and ethyl acetate (8:2 in weight ratio) to
prepare a coating liquid having an adjusted concentration of
30% by weight. The coating liquid was applied to a substrate
(Zeonor ZF-100 (product name) manufactured by Zeon Cor-
poration) with a wire bar coater. The coating was then dried at
80° C. for 3 minutes and exposed to ultraviolet radiation at a
total dose of 300 mJ/cm® so that a 3 um-thick depolarizing
film was obtained.

[0166] In this process, the side-chain liquid-crystalline
acrylic polymer is an example of the liquid crystal compound
(1), and the liquid crystalline diacrylic monomer is an
example of the liquid crystal compound (2). As a result of
another process, it was demonstrated that when each of these
materials was used alone to form a film, the side-chain liquid-
crystalline acrylic polymer provided a refractive index distri-
bution satisfying nxl=nyl<nzl, and the liquid crystalline
diacrylic monomer provided a refractive index distribution
satisfying nx2>ny2~nz2. The demonstration was performed
at 23° C. and a wavelength of 590 nm using an automatic
birefringence measuring system (Automatic Birefringence
Analyzer Kobra-WPR, manufactured by Oji Scientific Instru-
ments).

[0167] The An of the side-chain liquid-crystalline acrylic
polymer was 0.199. Concerning An=ne-no, the extraordi-
nary-ray refractive index value (ne) and the ordinary-ray
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refractive index value (no) were measured with Kobra-WPR
manufactured by Oji Scientific Instruments.

[0168] Concerning the liquid crystalline diacrylate mono-
mer, nx2-ny2 was 0.129, from which the in-plane retardation
(nx2-ny2)d (the thickness was 3,000 nm) was calculated to
be 387 nm. This in-plane retardation corresponds to about
M4+(550 nm/2).

Example 2

[0169] A depolarizing film was obtained using the process
of Example 1, except that the amounts of the side-chain
liquid-crystalline acrylic polymer and the liquid crystalline
diacrylic monomer were changed to 5 parts by weight and 95
parts by weight, respectively, when the coating liquid was
prepared.

Comparative Example 1

[0170] A depolarizing film was obtained using the process
of Example 1, except that 100 parts by weight of the liquid
crystalline diacrylic monomer was used instead, with no side-
chain liquid-crystalline acrylic polymer, when the coating
liquid was prepared.

Comparative Example 2

[0171] A depolarizing film was obtained using the process
of Example 1, except that the coating liquid was applied to the
substrate so that the resulting film would have a thickness of
0.8 um.

[0172] Thedepolarizing film obtained in each example was
evaluated as described below. Table 1 shows the result of the
evaluation described below together with the thickness and
the in-plane retardation.

(Measurement of Haze)

[0173] The haze value (%) was measured by C light trans-
mission method with Model HR-100 (manufactured by
Murakami Color Research Laboratory Co., Ltd.) in the atmo-
sphere at 25° C.

(Depolarization)

[0174] Thedepolarizing film was sandwiched between two
crossed- or parallel-Nicol polarizing plates, and the transmit-
tance of the resulting structure was measured at 550 nm with
a high-speed spectrophotometer Standard Model DOT-3
manufactured by Murakami Color Research Laboratory Co.,
Ltd. In the crossed- or parallel-Nicol arrangement, the trans-
mittance was measured when the longitudinal direction of the
depolarizing film was aligned to coincide with the absorption
axis of one of the polarizing plates (0°) and when it was then
turned counterclockwise by 45° (45°), respectively.

TABLE 1

Haze Depolarization (transmittance (%))

Thickness  value Crossed-Nicol Parallel-Nicol

(um) (%) 00 450 0° 450
Example 1 3 80 904 955 2392 2371
Example 2 3 03 2442 2.090 909 2634
Comparative 3 203 1477 1634 1939 1634

Example 1
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TABLE 1-continued

Haze Depolarization (transmittance (%

Thickness  value Crossed-Nicol Parallel-Nicol

(um) (%) 0° 45° 0° 45°
Comparative 0.8 36 069 087 3497 3354
Example 2
[0175] Table 1 shows that the depolarizing film obtained in

each example has transparency and in-plane retardation of
about A/4+(550 nm/2) based on the liquid crystal compound
(2) and can depolarize light in all directions of the film. In
Comparative Example 1, the liquid crystal compound (2) is
not oriented, because the liquid crystal compound (1) is not
used, and the haze is so high that the transparency is insuffi-
cient. In Comparative Example 2, the film is so thin that it
cannot have the depolarization function (in the crossed-Nicol
arrangement, the transmittance is relatively low).

What is claimed is:

1. A depolarizing film comprising: a film containing at least
one liquid crystal compound, wherein

the liquid crystal compound comprises a liquid crystal

compound (1) that satisfies the relation: 0.05=An=0.5,
with the proviso that An=ne-no, ne represents an
extraordinary-ray refractive index, and no represents an
ordinary-ray refractive index, and

the film has a haze value of 15% or less and a thickness of

1 um to 10 pm.

2. The depolarizing film according to claim 1, wherein the
liquid crystal compound comprises the liquid crystal com-
pound (1) and another liquid crystal compound (2),

the liquid crystal compound (1) is vertically oriented in the

direction of the thickness of the film, and

the another liquid crystal compound (2) is oriented parallel

to the surface of the film in all directions around a por-
tion of the vertically oriented liquid crystal compound
@).

3. The depolarizing film according to claim 1, wherein the
liquid crystal compound (1) has arefractive index distribution
satisfying nx1-nyl<nzl, wherein nx1, ny 1 and nz1 represent
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refractive indices of a film in X, Y and 7 axis directions,
respectively, when the liquid crystal compound (1) is used
alone to form the film, wherein the X axis direction is a
direction in which the in-plane refractive index of the film is
maximum (the direction of in-plane slow axis), the Y axis
direction is a direction perpendicular to the X axis direction in
the film plane (the direction of in-plane fast axis), and the Z
axis direction is the film thickness direction vertical to the X
axis direction and the Y axis direction.

4. The depolarizing film according to claim 2, wherein the
liquid crystal compound (2) has arefractive index distribution
satisfying nx2>ny2=~nz2, wherein nx2, ny2 and nz2 represent
refractive indices of a film in X, Y and Z axis directions,
respectively, when the liquid crystal compound (2) is used
alone to form the film, wherein the X axis direction is a
direction in which the in-plane refractive index of the film is
maximum (the direction of in-plane slow axis), the Y axis
direction is a direction perpendicular to the X axis direction in
the film plane (the direction of in-plane fast axis), and the Z
axis direction is the film thickness direction vertical to the X
axis direction and the Y axis direction.

5. The depolarizing film according to claim 2, wherein the
depolarizing film comprises 1 to 15 parts by weight of the
liquid erystal compound (1) based on 100 parts by weight of
the liquid crystal compound (2).

6. A method for producing the depolarizing film according
to claim 2, comprising the steps of:

(1) preparing a solution containing the liquid crystal com-

pounds (1) and (2);

(2) applying the solution to a substrate that does not

undergo alignment treatment; and

(3) solidifying the solution applied to the substrate to form

a film.

7. An optical film comprising the depolarizing film accord-
ing to claim 1; and a polarizer.

8. A liquid crystal display comprising polarizers provided
on both sides of a liquid crystal cell;

wherein the depolarizing film according to claim 1 is

placed on a viewer side with respect to the polarizer on
a viewer side.
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