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7) ABSTRACT

An optical film includes: a layer A formed of a resin compo-
sition P1 containing a resin x1 having a positive intrinsic
birefringence value and a resin y1 having a negative intrinsic
birefringence value; and a layer B formed of a resin compo-
sition P2 containing a resin x2 having a positive intrinsic
birefringence value and a resin y2 having a negative intrinsic
birefringence value. In the optical film, retardations R,s,
Rss0, and Rgs, at an incident angle of 0° satisfy the relation-
ship of R,50<R55,<Rgs0, and retardation Re at an incident
angle of 0° and retardation R, at an incident angle of 40°.
satisfy the relationship of 0.92=R ,,/Re=1.08. Also provided
is a liquid crystal display device including the optical film.
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OPTICAL FILM AND LIQUID CRYSTAL
DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to an optical film and
to aliquid crystal display device. More particularly, the inven-
tion relates to an optical film suitable as a phase difference
film and to aliquid crystal display device including the optical
film.

BACKGROUND ART

[0002] As an example of optical films such as phase differ-
ence films for use in display devices such as liquid crystal
display devices, there is known a film manufactured by
stretching isotropic raw material films to give orientation to
molecules.

[0003] It is desirable that such optical films do not cause
much color tone change of display devices even when the
observation angle is shifted, and that such optical films can
uniformly provide effects, such as phase difference compen-
sation effect, over a wide wavelength range.

[0004] Asexamples of the known phase difference film that
can uniformly provide the effects such as phase difference
compensation effect over a wide wavelength range, there are
known films obtained by stretching a composition containing
a plurality of resins (Japanese Patent Application Laid-Open
Nos. 2001-194527 and 2001-42121). However, with these
films, color tone changes due to observation angle shift can-
not be reduced.

[0005] For reducing color tone changes due to observation
angle shift, itis desired that retardation Re at an incident angle
of 0° (in the direction normal to the film) is brought as close
as possible to retardation R, at an incident angle of 40° (an
inclination angle 0 40° with respect to the direction normal to
the film). In order to obtain such an optical film, it is desired
that, e.g., the refractive indices nx and ny in the directions of
in-plane principal axes and the refractive index nz in the
thickness direction satisfy the relationship of nx>nz>ny.
[0006] However, most resins have positive intrinsic bire-
fringence values, stretching of which results in smaller nz
than nx and ny. Resins having negative intrinsic birefringence
values such as polystyrene are unsuitable for optical films in
terms of inappropriate hardness and flexibility of the
stretched film made thereof. Therefore, it is difficult to obtain
a useful stretched film that satisfies the relationship of
nx>nz>ny. As methods for solving this problem, there have
known a method in which a plurality of species of films are
laminated, and a method in which a stretched film is shrunk
(Japanese Patent Application Laid-Open Nos. Hei 03-24502,
Hei 03-141303, and Hei 05-157911). However, these meth-
ods are accompanied by difficulties in controlling the direc-
tion of lamination and shrinkage, which renders the manu-
facturing process complicated, and renders manufacture of a
film having a large area difficult.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0007] It is an object of the present invention to provide an
optical film and a liquid crystal display device that can be
easily manufactured at low cost, can have a large area, causes
reduced color tone changes due to observation angle shift,
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and has uniformity in expressing effects, e.g. uniform phase
difference compensation, over a wide wavelength range.

Means for Solving Problem

[0008] The present inventor has conducted studies to solve
the aforementioned problem and found out that the problem
can be solved by a stacked body including a plurality of
species of layers each of which is made of a resin composition
containing a plurality of species of resins each having specific
intrinsic birefringence values. The invention has been com-
pleted based on this finding.

[0009] Accordingly, the present invention provides (1) to
(8) below.

(1) An optical film, comprising:

[0010] alayer A formed of a resin composition P1 contain-
ing a resin x1 having a positive intrinsic birefringence value
and aresin y1 having a negative intrinsic birefringence value;
and a layer B formed of a resin composition P2 containing a
resin X2 having a positive intrinsic birefringence value and a
resin y2 having a negative intrinsic birefringence value,
wherein:

[0011] retardation R,5, of light having a wavelength of 450
nm at an incident angle of 0°, retardation R, of light having
a wavelength of 550 nm at an incident angle of 0°, and
retardation R 45, of light having a wavelength of 650 nm at an
incident angle of 0° satisfy a relationship 0f R ;5q<Rs50<Rs0,
and

[0012] retardation Re at an incident angle of 0° and retar-
dation R, at an incident angle of 40° satisty a relationship of
0.92=R,,/Re=1.08.

(2) The aforementioned optical film wherein an intrinsic bire-
fringence value of the resin composition P1 is positive, and an
intrinsic birefringence value of the resin composition P2 is
negative.

(3) The aforementioned optical film wherein the optical film
is obtained by stretching more than once a pre-stretch film.
(4) The optical film according to (3), wherein the pre-stretch
film has a layer PA formed of the resin composition P1 and a
layer PB formed of the resin composition P2, and

[0013] the pre-stretch film is a film which causes a phase
delay when the pre-stretch film is uniaxially stretched in a
direction of an X axis at temperature T1 and which also
causes a phase advancement when the pre-stretch film is
uniaxially stretched in the direction of the X axis at tempera-
ture T2 that is different from the temperature T1, said phase
delay and said phase advancement being of a phase of linearly
polarized light incident perpendicularly on a surface of the
pre-stretch film having a vibration plane of an electric vector
lying in an XZ plane relative to a phase of linearly polarized
light incident perpendicularly on the surface of the pre-stretch
film having a vibration plane of an electric vector lying in a
YZ plane, where the X axis extends in one in-plane direction
in the pre-stretch film, the Y axis extends in an in-plane
direction orthogonal to the X axis in the pre-stretch film, and
the Z axis extends in a direction of a thickness of the pre-
stretch film.

(5) The optical film according to (4), wherein the stretching
comprises:

[0014] stretching treatment (1) in which the pre-stretch film
is uniaxially stretched in one stretching direction at one of the
temperatures T1 and T2; and

[0015] stretching treatment (2) in which the pre-stretch film
that has been subjected to the stretching treatment (1) is
uniaxially stretched in a direction orthogonal to the one
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stretching direction in the stretching treatment (1) at the other
of the temperatures T1 and T2.

(6) The aforementioned optical film wherein a difference
between a heat deflection temperature Ts(pl) of the resin
composition P1 and a heat deflection temperature Ts(p2) of
the resin composition P2 is 5° C. or more.

(7) The aforementioned optical film wherein optical film is a
lengthy film.

(8) A liquid crystal display device, comprising the aforemen-
tioned optical film.

Effect of the Invention

[0016] The optical film of the present invention can be
easily manufactured at low cost and have a large area. In
addition thereto, the optical film can provide prominent
advantages such as reduced color tone change due to obser-
vation angle shift, and uniform expression of effects, e.g.
uniform phase difference compensation, over a wide wave-
length range.

[0017] Particularly, when the optical film is obtained by
subjecting a specific pre-stretch film to the stretching treat-
ment (1) and the stretching treatment (2), an optical film
having a desired refractive indices (nx>nz>ny) can be
obtained with particularly high manufacturing efficiency by
simple operations including biaxial stretching of a pre-stretch
film having a plurality of layers in specific directions. Such
operations do not include any complicated processes such as
lamination of resin films that have been stretched at different
stretching ratios in different stretching directions or shrink-
age of a stretched resin. The resulting optical film having such
refractive indices has not been easily obtainable in the prior
art manufacture process, and has preferred characteristics as
mentioned above.

[0018] The liquid crystal display device of the present
invention has the optical film of the present invention. There-
fore, this display device can be easily manufactured at low
cost and can have a large area. In addition thereto, the liquid
crystal display devise can provide prominent advantages such
as reduced color tone change due to observation angle shift,
and uniform display characteristics over a wide wavelength
range.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG.1is a perspective view schematically illustrat-
ing an example of a pre-stretch film that does not satisfy the
preferred requirements of the present invention.

[0020] FIG. 2 is a perspective view schematically illustrat-
ing an example of a pre-stretch film for use as the material for
an optical film of the present invention that satisfies the pre-
ferred requirements of the present invention.

[0021] FIG. 3 is a graph showing the relationship between
stretching temperature and the development of phase differ-
ence when the pre-stretch film shown in FIG. 1 is stretched.
[0022] FIG. 4 is a graph showing the relationship between
stretching temperature and the development of phase differ-
ence when the pre-stretch film shown in FIG. 2 is stretched.

BEST MODE FOR CARRYING OUT THE
INVENTION

(Optical Film)

[0023] The optical film of the present invention has a layer
A formed of a resin composition P1 containing a resin x1
having a positive intrinsic birefringence value and a resin y1
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having a negative intrinsic birefringence value; and a layer B
formed of a resin composition P2 containing a resin x2 having
a positive intrinsic birefringence value and a resin y2 having
a negative intrinsic birefringence value.

[0024] Examples of the resins x1 and x2 having positive
intrinsic birefringence values may include: olefin resins such
as polyethylene and polypropylene; polyester resins such as
polyethylene terephthalate and polybutylene terephthalate;
polyarylene sulfide resins such as polyphenylene sulfide;
polyvinyl alcohol resins; polycarbonate resins; polyarylate
resins; cellulose ester resins; polyether sulfone resins;
polysulfone resins; polyallyl sulfone resins; polyvinyl chlo-
ride resins; norbornene resins; rod-like liquid crystalline
polymers; and polyarylene ether resins such as polyphe-
nylene ether resins. One species thereof may be solely used,
and two or more species thereof may also be used in combi-
nation. Of these, polycarbonate resins, norbornene resins, and
polyphenylene ether resins are preferred in the present inven-
tion, from the viewpoint of phase difference-causing ability.
[0025] Examples of the resins y1 and y2 having negative
intrinsic birefringence values may include: polystyrene-
based resins such as homopolymers of styrene and styrene
derivatives and copolymers thereof with other monomers;
polyacrylonitrile resins; polymethyl methacrylate resins; and
multi-component copolymers thereof. One species thereof
may be solely used, and two or more species thereof may also
be used in combination. Preferred examples of other mono-
mers contained in the polystyrene-based resins may include
acrylonitrile, maleic anhydride, methyl methacrylate, and
butadiene. Of these, the polystyrene-based resins are pre-
ferred for the present invention because of their high phase
difference-causing ability. Copolymers of styrene or styrene
derivatives with maleic anhydride may also be used taking
advantage of their high heat resistance. The stereoregularity
of the polystyrene-based resins may be an atactic structure or
a syndiotactic structure.

[0026] The optical film of the present invention satisfies the
following requirement 1 and requirement 2.

[0027] (Requirement 1) Retardation R,5, of light having a
wavelength of 450 nm at an incident angle of 0°, retardation
Rss, of light having a wavelength of 550 nm at an incident
angle of 0°, and retardation R 45, of light having a wavelength
of' 650 nm at an incident angle of 0° satisfy the relationship of
R450<Rs50Rsso-

[0028] (Requirement 2) Retardation Re at an incident angle
of'0° and retardation R , at an incident angle of 40° satisfy the
relationship of 0.92=R,,/Re=1.08.

[0029] When the requirements 1 and 2 are satisfied, the
resulting optical film may cause reduced color tone changes
due to observation angle shift, and may have uniformity in
expressing effects, e.g. uniform phase difference compensa-
tion, over a wide wavelength range.

[0030] As to the requirement 1, it is preferable that R,/
Rs50=0.95 is satisfied. In addition, it is preferable that Rso/
Rs50=1.05 is satisfied.

[0031] As to the requirement 2, the incident angle of 0° is a
direction normal to the film, and the incident angle 0f 40° is an
angle inclined at 40° with respect to the direction normal to
the film. No particular limitation is imposed on the inclination
direction of the observation angle when R,, is measured.
When the value of R, of an optical film with the observation
angle inclined in any one direction satisfies the requirement 2,
the optical film can be preferably used in the present inven-
tion.



US 2011/0176093 Al

[0032] The wavelength for comparing Re and R, in the
requirement 2 may be any wavelength in the visible range,
and may preferably be 550 nm.

[0033] The retardations at incident angles of 0° and 40°
may be measured by the parallel Nicole rotation method
using KOBRA-WR, a product of Oji Scientific Instruments.
[0034] The optical film of the present invention that satis-
fies the requirements 1 and 2 may be obtained by appropri-
ately adjusting types and ratios of the amounts of the resins
x1, y1, x2, and y2 and the thicknesses of the layer A and the
layer B. More specifically, the adjustment may be performed
as follows.

[0035] In the present invention, it is preferable that the
intrinsic birefringence value of the resin composition P1 is
positive and the intrinsic birefringence value of the resin
composition P2 is negative, for readily satisfying the require-
ment 2.

[0036] Theresin composition P1 having a positive intrinsic
birefringence value may be obtained by appropriately adjust-
ing types and ratio of the amounts of the resins x1 and y1. As
a preferable example, the resin composition P1 may be
obtained as follows. A norbornene resin may be used as the
resin x1, and a polystyrene resin may be used as the resin y1.
The ratio of the amount of the resin y1 relative to the total
amount of the resins x1 and y1 may be set to less than 50
percent by weight.

[0037] Theresin composition P2 having a negative intrinsic
birefringence value may be obtained by appropriately adjust-
ing types and ratio of the amounts of the resins x2 and y2. As
a preferable example, the resin composition P2 may be
obtained as follows. A polyphenylene ether resin may be used
as the resin x2, and a polystyrene resin may be used as the
resin y2. The ratio of the amount of the resin x2 relative to the
total amount of the resins x2 and y2 may be set to less than 50
percent by weight.

[0038] As the norbornene resin, any of known norbornene
resins may be used. Specific examples thereof may include
those described in Japanese Patent Application Laid-Open
Nos. Sho 60-168708, Sho 62-252406, Sho 63-264626, Hei
01-240517, and Hei 02-133413. As the polystyrene-based
resin, any known resin containing styrene as a monomer
component may be used. More specific examples thereof may
include product name “HF77”, product of PS Japan Corpo-
ration, and product name “Dylark D332”, product of NOVA
Chemicals. As the polyphenylene ether resin, any known
resin having a polyphenylene ether skeleton in its main chain
may be used. Particularly preferable is poly(2,6-dimethyl-1,
4-phenylene oxide) because of its high compatibility with
styrene-based resins.

[0039] Satisfying the requirement 2, the optical film of the
present invention can have the refractive indices nx and ny in
the directions of in-plane principal axes and the refractive
index nz in the thickness direction which satisfy the relation-
ship of nx>nz>ny. Examples of the film that satisfies the
requirement 2 may include stretched films which will be
described later.

[0040] The resin compositions P1 and P2 that forms the
layer A and the layer B may have heat deflection temperatures
(Ts(p1) and Ts(p2)) of preferably 80° C. or higher, more
preferably 90° C. or higher, and particularly preferably 100°
C. or higher. The heat deflection temperature Ts(pl) of the
resin composition P1 forming the layer A and the heat deflec-
tion temperature Ts(p2) of the resin composition P2 forming
the layer B are usually not more than 170° C. By setting the
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heat deflection temperatures in the aforementioned ranges,
orientational relaxation can be reduced, and the optical film of
the present invention can be easily obtained by the stretching
manufacture method which will be described later.

[0041] The absolute value of the difference between the
heat deflection temperatures Ts(p1) and Ts(p2) is preferably
5° C. or more, more preferably 5 to 40° C., and particularly
preferably 8 to 30° C. If the difference between the heat
deflection temperatures is too small, the temperature depen-
dence of the phase difference-causing ability may become
small. If the difference between the heat deflection tempera-
tures is too large, it is difficult to stretch a resin composition
having a higher heat deflection temperature, and the flatness
of the phase difference plate is likely to reduce.

[0042] The rupture elongation of the resin composition P1
at temperature Ts(p1) and the rupture elongation of the resin
composition P2 at temperature Ts(p2) are preferably 50% or
more and particularly preferably 80% or more. With the ther-
moplastic resin compositions having rupture elongations in
the aforementioned range, it is possible to stably manufacture
the phase difference film by stretching. The rupture elonga-
tion is determined at a tensile rate of 100 mm/min using a type
1B specimen described in JISK7127.

[0043] If necessary, the resin composition P1 and/or the
resin composition P2 may contain additives.

[0044] No particular limitation is imposed on the additives
to be added. Examples of the additives may include: anti-
friction agent; lamellar crystal compounds; inorganic fine
particles; stabilizers such as anti-oxidants, thermal stabiliz-
ers, photostabilizers, weathering stabilizers, ultraviolet
absorbers, and near-infrared absorbers; plasticizers; coloring
agents such as dyes and pigments; and antistatic agents. The
amounts of the additives may be appropriately determined
within a range that does not impair the object of the present
invention. Anti-friction agents and ultraviolet absorbers are
particularly preferably added because the flexibility and the
weather resistance can thereby be improved.

[0045] The amount of the additives may be determined
such that for example, the obtained optical film can maintain
a total light transmittance of 85% or more.

[0046] Examples of the anti-friction agent may include:
inorganic particles of; e.g., silicon dioxide, titanium dioxide,
magnesium oxide, calcium carbonate, magnesium carbonate,
barium sulfate, and strontium sulfate; and organic particles
of, e.g., polymethyl acrylate, polymethyl methacrylate, poly-
acrylonitrile, polystyrene, cellulose acetate, and cellulose
acetate propionate. In the present invention, organic particles
are preferred as the anti-friction agent.

[0047] Examples of the ultraviolet absorber may include
oxybenzophenone-based compounds, benzotriazole-based
compounds, salicylate-based compounds, benzophenone-
based-ultraviolet absorbers, benzotriazole-based ultraviolet
absorbers, acrylonitrile-based ultraviolet absorbers, triazine-
based compounds, nickel complex salt-based compounds,
and inorganic powders. Preferred examples of the ultraviolet
absorber may include 2,2'-methylenebis(4-(1,1,3,3-tetram-
ethylbutyl)-6-(2H-benzotriazole-2-yl)phenol), 2-(2'-hy-
droxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotriazole,
2,4-di-tert-butyl-6-(5-chlorobenzotriazole-2-yl)phenol, 2,2'-
dihydroxy-4,4'-dimethoxybenzophenone, and 2,2'4.4'-tet-
rahydroxybenzophenone. Particularly preferred examples
may be 2,2'-methylenebis(4-(1,1,3,3-tetramethylbutyl)-6-
(2H-benzotriazole-2-yl)phenol).
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[0048] The optical film of the present invention may have
one layer A and one layer B or may have a plurality of layers
A and/or a plurality of layers B. When the optical film has a
plurality of layers A and/or a plurality of layers B, no particu-
lar limitation is imposed on the order of stacking. For
example, the layer structure may be (layer A)-(layer A)-(layer
B)-(layer B) or may be (layer A)-(layer B)-(layer A)-(layer
B). In the present invention, it is preferable to form a film
having the layers A and B that are disposed in direct contact
with each other, in terms of achieving optical functions and of
easy manufacturing. Such a film may be manufactured by a
method such as co-extrusion-stretching which will be
described later. However, the manufacture method is not lim-
ited thereto, and the layer A and the layer B may be stacked
via a layer interposed therebetween such as an adhesive layer.
[0049] Theratio ofthe total thickness of the layer A relative
to the total thickness of the layer B may be determined
depending on each layer’s phase difference-causing ability in
response to stretching. By increasing the thickness of the
layer having lower phase difference-causing ability, the retar-
dation can be adjusted so as to suffice 0.92=R,,/Re=1.08.
When a plurality of layers A and a plurality of layers B are
used, the total thickness of the layers A and the total thickness
ofthe layers B mean the total thickness of the layers A and of
the layers B, respectively. The thickness of the optical film of
the present invention is preferably 30 to 200 um as the total
thickness of the layer A and the layer B altogether. For
example, the thickness may be 50 to 150 pm or 100 to 150 pm.
[0050] The thicknesses of the layer A and the layer B may
be determined by measurement of the total thickness of the
film using a commercially available contact type thickness
meter, and subsequent observation under an optical micro-
scope of the cross-section of the position at which the total
thickness has been measured. By the observation, the thick-
ness ratio of each layers may be determined, and each thick-
ness may be calculated from the determined ratio. This pro-
cedure may be repeated at a plurality of positions on the film
at constant intervals, and the average values and variations of
the thickness may thereby be determined.

[0051] The optical film of the present invention may have
layers other than the layer A and the layer B. For example, the
optical film may have: a bonding layer for bonding the layer
A to the layer B; a mat layer for improving the anti-friction
properties of the film; a hard coating layer such as a shock
resistant polymethacrylate resin layer; an anti-reflection
layer; an antifouling layer; and other layers.

[0052] The total light transmittance suitable for the optical
film of the present invention is preferably 85% or more. The
total light transmittance is a value measured using a spectro-
photometer (ultraviolet-visible-near-infrared spectropho-
tometer “V 570,” product of JASCO Corporation) in accor-
dance with JIS KO115.

[0053] The haze of the optical film of the present invention
is preferably 5% or less, more preferably 3% or less, and
particularly preferably 1% or less. When the value of the haze
is small, the sharpness of a display image on a display device
in which the optical film of the present invention is installed
can be increased. The haze is determined as the average of
measurements at five points using a “turbidimeter NDH-
300A (product of Nippon Denshoku Industries Co., Ltd.)” in
accordance with JIS K7361-1997.

[0054] Theoptical film of the present invention has a AYT of
preferably 5 or less and more preferably 3 or less. When the
AYTis within the aforementioned ranges, the film is colorless
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and has good visibility. The AYT is determined by repeating
measurement five times using a “spectral color-difference
meter SE2000 (product of Nippon Denshoku Industries Co.,
Ltd.)” in accordance with ASTM E313 and calculating the
arithmetic average of the measurements.

[0055] Preferably, the optical film of the present invention
has a JIS pencil hardness of H or more. The JIS pencil hard-
ness can be adjusted by changing the type of the resins and
changing the thickness of the resin layers. The JIS pencil
hardness is determined by scratching the surface of a film
with pencils in accordance with JIS K5600-5-4. Scratching is
performed with pencils with a variety of hardness which are
inclined at the angle of 45° to which 500 gram-force of
downward load is applied. The hardness is determined as the
softest pencil that creates scratches.

[0056] It is preferable that the optical film of the present
invention is a lengthy film from the viewpoint of manufactur-
ing efficiency.

[0057] The lengthy film is a film having a lengthwise size
larger (for example, 10 or more times larger) than its cross-
wise size. Such a film may be obtained by a continuous
manufacturing process performed in the lengthwise direction
in a manufacturing line. Particularly, when a pre-stretch film
which will be described later is prepared in a form of a lengthy
film and this is then stretched for preparing the optical film of
the present invention, a part of or the entire procedure may be
performed in line in a simple and efficient manner.

[0058] Specifically, an optical film having the desired
refractive indices (nx>nz>ny), which have not been easily
obtainable in the prior art manufacture process, can be easily
obtained by simple operation, i.e., biaxially stretching a pre-
stretch film having a plurality of layers in specific directions.
Such an operation does not require a complicated process
such as lamination of resin films that have been stretched at
different stretching ratios in different stretching directions or
shrinkage of a stretched resin.

(Stretched Optical Film)

[0059] The optical film of the present invention may be a
stretched film. That is, the optical film may be a film obtained
by subjecting a pre-stretch film to stretching. As the pre-
stretch film, a film having a layer PA formed of the resin
composition P1 and a layer PB formed of the resin composi-
tion P2 may be used. The pre-stretch film may usually be an
isotropic raw material film. However, a film that has already
been subjected to stretching may also be used as the pre-
stretch film, and such a film may be further subjected to
stretching defined in the present invention as the stretching of
the pre-stretch film.

(Pre-Stretch Film)

[0060] It is preferable that the pre-stretch film satisfies the
following requirement 3 for obtaining a desired phase differ-
ence for a phase difference film, and for reducing the color
tone changes due to observation angle shift.

[0061] (Requirement 3) The pre-stretch film causes a phase
delay when the pre-stretch film is uniaxially stretched in a
direction of an X axis at temperature T1, and also causes a
phase advancement when the pre-stretch film is uniaxially
stretched in the direction of the X axis at temperature T2 that
is different from the temperature T1, wherein the phase delay
and the phase advancement are of a phase of linearly polar-
ized light incident perpendicularly on a surface of the pre-
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stretch film having a vibration plane of an electric vector lying
in an XZ plane (this polarized light will be simply referred to
hereinbelow as “XZ polarized light”) relative to a phase of
linearly polarized light incident perpendicularly on the sur-
face of the pre-stretch film having a vibration plane of an
electric vector lying in aYZ plane (this polarized light will be
simply referred to hereinbelow as “YZ polarized light”),
where the X axis extends in one in-plane direction in the
pre-stretch film, the Y axis extends in an in-plane direction
orthogonal to the X axis in the pre-stretch film, and the Z axis
extends in a direction of a thickness of the pre-stretch film.
[0062] In the present invention, when this requirement is
satisfied with at least one of the various in-plane directions in
the pre-stretch film being set to the X axis, this pre-stretch film
may be used as the pre-stretch film that satisfies the require-
ment 3 for manufacturing the optical film, with that direction
being set to the direction of stretching. When the pre-stretch
film is an isotropic raw material film that has not been sub-
jected to any orientation treatment before stretching, satisfac-
tion of the requirement with one in-plane direction being set
to the X axis results in satisfaction of the requirement with
any direction being set to the X axis.

[0063] Referring to FIGS. 1 to 4, an example of the pre-
stretch film that satisfies the requirement 3 and an example of
the pre-stretch film that does not satisfy the requirement 3 will
be described.

[0064] Each of pre-stretch films 1 and 2 shown in FIGS. 1
and 2 has a layer PA formed of the resin composition P1
having a positive intrinsic birefringence value and a layer PB
formed of the resin composition P2 having a negative intrinsic
birefringence value.

[0065] FIGS. 3 and 4 are graphs showing the phase differ-
ence (the phase difference of the XZ polarized light relative to
the YZ polarized light) in the layer A obtained by stretching
the layer PA and the phase difference in the layer B obtained
by stretching the layer PB when the pre-stretch films 1 and 2
are stretched in the X axis direction at a variety of tempera-
tures. In each of FIGS. 3 and 4, the horizontal axis represents
stretching temperature, and the vertical axis represents the
value of (the absolute value of the phase difference/stretching
ratio) for the layer A and the layer B. Each of curves A and B
represents the relationship therebetween for the layer A and
the layer B. The pre-stretch films 1 and 2 are stacked bodies of
the layer PA and the layer PB, and therefore, the layer A and
the layer B are always stretched at the same ratio.

[0066] Since the intrinsic birefringence value of the resin
composition P1 is positive and the intrinsic birefringence
value of the resin composition P2 is negative, the positivity/
negativity of the phase differences of these are opposite.
When the curve A lies above the curve B, the XZ polarized
light is delayed relative to the YZ polarized light. When the
curve B lies above the curve A, the YZ polarized light is
delayed relative to the XZ polarized light.

[0067] Generally, a resin having a negative intrinsic bire-
fringence value is easily ruptured during stretching at low
temperature. In the examples shown in FIGS. 3 and 4, tem-
perature TD is a temperature at which the films do not have
tendency to be stretched and ruptures immediately (the rup-
ture point of the resin composition P2), and the pre-stretch
films 1 and 2 cannot be stretched at temperature lower than
the temperature TD. Tg(P1) and Tg(P2) are glass transition
temperatures of the resins P1 and P2, respectively. Thus the
curves A and B largely decay at around Tg(P1) and Tg(P2),
respectively.
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[0068] Comparing the pre-stretch films 1 and 2, the thick-
ness of the layer PA is relatively large in the pre-stretch film 1
and the thickness of the layer PA is relatively small in the
pre-stretch film 2. Therefore, the change in phase difference
ofthe layer A emerges more strongly in the pre-stretch film 1
than in the pre-stretch film 2. Therefore, as shown in FIG. 3,
the absolute value of the phase difference in the layer A is
larger in the entirety of the shown temperature range. More
specifically, the XZ polarized light is delayed relative to the
YZ polarized light by stretching at any temperature. There-
fore, the stretched film 1 cannot have the temperature T2 in
the requirement 3 and does not satisfy the requirement 3.
[0069] In the stretched film 2, the XZ polarized light is
advanced relative to the YZ polarized light in the temperature
range lower than point X3, and the XZ polarized light is
delayed relative to the YZ polarized light in the higher tem-
perature range. Therefore, T1 exists at a temperature higher
than the point X3, whereas T2 exists at a temperature lower
than X3, so that the requirement 3 is satisfied.

[0070] The thicknesses of the layer PA and the layer PB of
the pre-stretch film may be appropriately adjusted depending
on the stretching ratio and the thickness of the layer A and the
layer B of the desired optical film. The ratio between the layer
PA and the layer PB may be appropriately adjusted so as to
satisfy the requirement 3, as described above. More specifi-
cally, the (total thickness of the layer PA)/(the total thickness
of'the layer PB) may be 1/1 to 1/10. When a plurality of layers
PA and a plurality of layers PB are used, the total thickness of
the layer PA and the total thickness of the layer PB mean the
total thickness of layers PA and of layers PB, respectively.
[0071] The total thickness of the pre-stretch film is prefer-
ably 10 to 800 pm and more preferably 50 to 600 pm. When
the total thickness is not less than 10 um, a sufficient phase
difference and a sufficient mechanical strength can be
obtained. When the total thickness is not more than 800 pm,
good flexibility and handling properties can be obtained.

(Method for Preparing Pre-Stretch Film)

[0072] Examples of the method for preparing the pre-
stretch film in the present invention may include various
known methods such as: co-extrusion methods such as a
co-extrusion T-die method, a co-extrusion inflation method,
and a co-extrusion lamination method; a co-flow casting
method in which the materials for the resin layers are succes-
sively flow-casted and stacked; a film lamination forming
method such as dry lamination; and a coating forming method
in which the surface of a resin film is coated with a resin
solution. For example, co-extrusion methods may be used
from the viewpoint of manufacturing efficiency and of pre-
venting volatile components such as a solvent from remaining
in the film. Among the co-extrusion methods, co-extrusion
T-die methods are preferred. The co-extrusion T-die methods
may be a field block method or a multi-manifold method. The
multi-manifold method is particularly preferred because
unevenness of the thickness of the layer PA can be reduced.
[0073] When a co-extrusion T-die method is used as the
method for obtaining a multilayer film from resin materials,
the temperature for melting the resin materials in an extruder
having a T-die is preferably higher than the glass transition
temperatures (Tg) of the resin materials by 80 to 180° C., and
more preferably higher by 100 to 150° C. If the temperature
for melting in the extruder is excessively low, the flowability
of the resin materials may be insufficient. If the temperature
for melting is excessively high, the resins may deteriorate.
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[0074] The extrusion temperature may be appropriately
selected depending on the resins for use. As to the tempera-
tures in the extruder, it is preferable that the temperature of the
resin feeding ports is Tg to (Tg+100)° C.; the temperature of
the outlets of the extruderis (Tg+50)° C.to (Tg+170)° C.; and
the temperature of the die is (Tg+50)° C. to (Tg+170)° C. The
Tg is the glass transition temperature of a resin having the
highest glass transition temperature among the resins consti-
tuting the pre-stretch film.

(Stretching Method)

[0075] When the optical film of the present invention is a
film formed by stretching a pre-stretch film that satisfies the
requirement 3, the stretching of the pre-stretch film preferably
includes: stretching treatment (1) in which the pre-stretch
film is uniaxially stretched in one direction at one of the
temperatures T1 and T2; and stretching treatment (2) in which
the resultant film that has been subjected to the stretching
treatment (1) is uniaxially stretched in a direction orthogonal
to the stretching direction in the stretching treatment (1) at the
other one of the temperatures T1 and T2. Such stretching may
give a film in which the principal in-plane refractive indices
(i.e., the refractive indices along in-plane slow and fast axes)
nx and ny and the refractive index nz in the thickness direction
satisfy the relationship of nx>nz>ny.

[0076] When the heat deflection temperature Ts(p1) of the
resin composition P1 is higher than the heat deflection tem-
perature Ts(p2) of the resin composition P2 (Ts(p1)>Ts(p2)),
the temperature T1 is preferably Ts(p2)+5° C. or higher and
Ts(p1)+10° C. or lower, and more preferably Ts(p2)+5° C. or
higher and Ts(p1)+7° C. or lower. The temperature T2 is
Ts(p2)+5° C. or lower. In this case, the stretching treatment
(1) is performed preferably at the temperature T1. With these
stretching temperatures, the refractive indices of the layer A
and the layer B can be easily adjusted to desired values.
[0077] When the heat deflection temperature Ts(p1) of the
resin composition P1 is lower than the heat deflection tem-
perature Ts(p2) of the resin composition P2 (Ts(p1)<Ts(p2)),
the temperature T2 is preferably Ts(p2)+5° C. or higher and
Ts(p1)+10° C. or lower, and more preferably Ts(p2)+5° C. or
higher and Ts(p1)+7° C. or lower. The temperature T1 is
Ts(p2)+5° C. or lower. In this case, the stretching treatment
(1) is performed preferably at the temperature T2. With these
stretching temperatures, the refractive indices of the layer A
and the layer B can be easily adjusted to desired values.
[0078] An explanation on such a stretching will be given
hereinbelow referring to a case in which the pre-stretch film 2
shown in FIGS. 2 and 4 is stretched in the X axis direction and
then stretched in the Y axis direction. Firstly, the pre-stretch
film 2 is stretched in the X axis direction at a temperature
higher than the point X3 in FIG. 4 (the XZ polarized light is
delayed relative to the YZ polarized light (=T1)), whereby the
in-plane refractive indices of the layer PA are altered to satisfy
nx>ny=nz (in this formula nx refers to the refractive index in
the X axis direction). However, the refractive indices of the
layer PB are not altered because the stretching is performed at
high temperature.

[0079] Subsequently, the resulting film is stretched in the Y
axis direction at a temperature lower than the point X3 in FIG.
4 (the XZ polarized light is advanced relative to the YZ
polarized light (=12)). The nx of the obtained layer A is
thereby reduced, whereas in the layer PB the ny is reduced so
as to give refractive indices nx=ny>nz to the layer B. By
appropriately adjusting the stretching ratios in the stretching
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processes and the thickness of each layer, the optical film of
the present invention in which the overall refractive indices of
the layer A and the layer B satisfy the desired relationship of
nx>nz>ny can be obtained.

[0080] The stretching operation in the stretching treatment
(1)andin the stretching treatment (2) may be performed using
a known method. Examples of such a method may include: a
method in which a film is uniaxially stretched in a longitudi-
nal direction by utilizing the difference in peripheral speed
between rolls; and a method in which a film is uniaxially
stretched in a transverse direction using a tenter. Examples of
the longitudinal uniaxial stretching method may include an
IR heating method performed between rollers, and a float
method.

[0081] After the stretching treatment (1) and/or the stretch-
ing treatment (2), the stretched film may be subjected to fixing
treatment. The temperature in the fixing treatment is normally
room temperature to the stretching temperature+30° C. and
preferably the stretching temperature—40° C. to the stretching
temperature+20° C.

(Applications of Optical Film)

[0082] The optical film of the present invention is appli-
cable to liquid crystal display devices, organic electrolumi-
nescent display devices, plasma display devices, FED (field
emission display) devices, SED (surface field emission dis-
play) devices, and other use. Preferably, the optical film may
be used in a liquid crystal display device of the present inven-
tion which will be described below.

(Liquid Crystal Display Device)

[0083] The liquid crystal display device of the present
invention has the optical film of the present invention.

[0084] The liquid crystal display device of the present
invention may have a liquid crystal panel in which a light
incident-side polarizing plate, a liquid crystal cell, and a light
emission-side polarizing plate are disposed in this order.

[0085] Thevisibility of the liquid crystal display device can
be significantly improved by disposing the optical film of the
present invention as a phase difference plate between the
liquid crystal cell and the light incident-side polarizing plate
and/or between the liquid crystal cell and the light emission-
side polarizing plate. Examples of the driving mode of the
liquid crystal cell may include an in-plane switching (IPS)
mode, a vertical alignment (VA) mode, a multi-domain ver-
tical alignment (MVA) mode, a continuous pinwheel align-
ment (CPA) mode, ahybrid alignment nematic (HAN) mode,
a twisted nematic (TN) mode, a super twisted nematic (STN)
mode, and an optical compensated bend (OCB) mode.

[0086] In the liquid crystal display device of the present
invention, the optical film of the present invention used as the
phase difference plate may be laminated onto the liquid crys-
tal cell or a polarizing plate. The optical film of the present
invention may be laminated onto both sides of a polarizing
plate or onto only one side. Two or more optical films of the
present invention may be used. Any known adhesive may be
used for lamination. Each polarizing plate may include a
polarizer and protection films attached to both sides thereof.
Instead of the protection films, the optical films of the present
invention may be laminated directly onto the polarizer and
used as layers having both the function of a phase difference
plate and the function of a protection film. With this configu-
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ration, the protection films can be omitted, and this can con-
tribute to a reduction in thickness, weight, and cost of the
liquid crystal display device.

EXAMPLES

[0087] The present invention will be described in detail
hereinbelow with reference to Examples and Comparative
Examples. However, the present invention is not limited to the
Examples.

[0088] In the Examples and Comparative Examples, prop-
erties were measured as follows.

(Rus05 Rss0y Rgso, and Ryp)

[0089] R,so. Rsso, Rgses and R, (unit: nm) were deter-
mined by the parallel Nicole Rotation Method Using Kobra-
Wr (Product of Oji Scientific Instruments). The phase differ-
ences observed at an incident angle of 0° (in the direction
normal to the film) at wavelengths of 450 nm, 550 nm, and
650 nm were taken as R, 5o, R, and Ry, The phase differ-
ence observed at an incident angle of 40° (in a direction
inclined 40° with respect to the direction normal to the film
about a slow axis as a rotation axis) at a wavelength of 550 nm
was used as R .

Preparative Example 1

[0090] A glass reaction vessel equipped with an agitator
was charged with 87 parts of tetrahydrofuran, 17.0 parts of
5-endo-6-exo-dicarboxy-2-norbornene, 15.0 parts of tetracy-
clo[4.4.0.1>° .17'°]-3-dodecene, and 0.16 parts of 1-hexene
(charged ratio of 5-endo-6-exo-dicarboxy-2-norbornene/tet-
racyclo[4.4.0.1>°.17'°]-3-dodecene=50/50(mole/mole)).
Subsequently, 0.016 parts of (1,3-dimesitylimidazolidine-2-
ylidene)(tricyclohexylphosphine)benzylidene  ruthenium
dichloride dissolved in 13 parts of tetrahydrofuran was added,
and polymerization was performed at 70° C. Two hours later,
the polymerization reaction mixture was poured into a large
amount of a poor solvent to precipitate a solid, and the solid
was separated by filtration, washed, dried under reduced pres-
sure at 60° C. for 18 hour to obtain a ring-opening metathesis
polymerization product.

[0091] 1 part of the obtained polymerization product was
dissolved in 80 parts of tetrahydrofuran, and the mixture was
charged into an autoclave equipped with an agitator. Then a
hydrogenation catalyst solution prepared by dissolving, in 10
parts of tetrahydrofuran, 0.05 parts of bis(tricyclohexylphos-
phine)benzylidene ruthenium dichloride and 0.4 parts of
ethyl vinyl ether was added, and a hydrogenation reaction was
performed at a hydrogen pressure of 1 MPa and 100° C. for 6
hours. After completion of the reaction, the reaction mixture
was poured into a large amount of n-hexane to completely
precipitate the polymer. The polymer was separated by filtra-
tion, washed, and dried under reduced pressure at 90° C. for
18 hours to obtain hydrogenated polynorbornene. The
molecular weight (in terms of polystyrene) of the obtained
hydrogenated polynorbornene was as follows: the number
average molecular weight (Mn) 17,800 and the weight aver-
age molecular weight (Mw) 39,200.

Example 1

[0092] 75 parts by weight of the hydrogenated polynor-
bornene obtained in Preparative Example 1 and 25 parts by
weight of polystyrene (product name “HF77,” product of PS
Japan Corporation) were dissolved in chloroform to produce
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adope solution P1. The concentration of the solids in the dope
solution P1 (the ratio of the total amount of the resins relative
to the total amount of the solution) was adjusted to 20 percent
by weight.

[0093] 75 Parts by weight of polystyrene (product name
“HF77,” product of PS Japan Corporation) and 25 parts by
weight of poly(2,6-dimethyl-1,4-phenylene oxide) (catalog
No 18242-7, ALDRICH) were dissolved in chloroform to
produce a dope solution P2. The concentration of the solids in
the dope solution P2 was adjusted to 20 percent by weight.
[0094] The dope solution P1 was flow-casted on a glass
plate using a doctor blade and dried to form a transparent resin
layer A1 having a thickness 0f 200 um. Then the dope solution
P2 was flow-casted on the transparent resin layer A1 using a
doctor blade and dried to form a transparent resin layer Bl
having a thickness of 300 pum. The transparent resin layer A1
together with the transparent resin layer B1 was peeled off the
glass plate to produce a stacked film 1 having the transparent
resin layers Al and B1.

[0095] Apart from the stacked film 1, other samples were
prepared by flow-casting only the dope solution P1 or P2 and
drying the dope solution in the manner described above, and
measurement was performed on these samples. As to the resin
forming the resin layer A1, the intrinsic birefringence value
was positive, the heat deflection temperature Ts(p1) was 125°
C., and the glass transition temperature Tg(p1) was 127° C.
As to the resin forming the resin layer B1, the intrinsic bire-
fringence value was negative, the heat deflection temperature
Ts(p2) was 102° C., and the glass transition temperature
Tg(p2) was 110° C.

[0096] One in-plane direction in the stacked film 1 was
defined as the X axis. The stacked film 1 was stretched by a
factor of 3.2 in this direction at 130° C. and then stretched by
a factor of 1.25 in the Y axis direction that was orthogonal to
the X axis direction at 105° C. to obtain a phase difference
film 1 having a thickness of 130 um.

[0097] R,so, Rsso. Rgse, and Ry, of the phase difference
film 1 were measured. The results are shown in Table 1. As is
clear from the results in Table 1, the phase difference film 1
satisfies the requirement R,5,<Rs50<Rgso and also satisfies
the requirement 0.92=R,,/R55,=1.08.

[0098] When the phase difference film 1 is stretched in the
X axis direction at a stretching temperature of 130° C., the
phase of the XZ polarized light is delayed relative to the phase
of'the YZ polarized light. When the phase difference film 1 is
stretched in the X axis direction at a stretching temperature of
105° C., the phase of the XZ polarized light is advanced
relative to the phase of the YZ polarized light. Therefore, the
temperature corresponding to the point X3 in FIG. 4 is present
between 105 and 130° C. Accordingly, the phase difference
film 1 satisfies the requirement 3.

Example 2

[0099] The dope solution P1 was flow-casted on a glass
plate using a doctor blade and dried to form a transparent resin
layer A4 having a thickness 0f 230 um. Then the dope solution
P2 was flow-casted on the transparent resin layer A4 using a
doctor blade and dried to form a transparent resin layer B4
having a thickness of 270 pm. The transparent resin layer A4
together with the transparent resin layer B4 was peeled off the
glass plate to produce a stacked film 4 having the transparent
resin layers A4 and B4.

[0100] One in-plane direction in the stacked film 4 was
defined as the X axis. The stacked film 4 was stretched by a
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factor of 3.2 in this direction at 130° C. and then stretched by
a factor of 1.25 in the Y axis direction that was orthogonal to
the X axis direction at 105° C. to obtain a phase difference
film 4 having a thickness of 130 pm.

[0101] Ruso, Rsse, Reses and R, of the phase difference
film 4 were measured. The results are shown in Table 1. As is
clear from the results in Table 1, the phase difference film 4
satisfies the requirement R,5,<R55,<Rgs, and also satisfies
the requirement 0.92=R,,/R;,=1.08.

[0102] When the phase difference film 4 is stretched in the
X axis direction at a stretching temperature of 130° C., the
phase of the XZ polarized light is delayed relative to the phase
of'the YZ polarized light. When the phase difference film 4 is
stretched in the X axis direction at a stretching temperature of
105° C., the phase of the XZ polarized light is advanced
relative to the phase of the YZ polarized light. Therefore, the
temperature corresponding to the point X3 in FIG. 4 is present
between 105 and 130° C. Accordingly, the phase difference
film 4 satisfies the requirement 3.

Example 3

[0103] 78 Parts by weight of the hydrogenated polynor-
bornene obtained in Preparative Example 1 and 22 parts by
weight of polystyrene (product name “HF77,” product of PS
Japan Corporation) were dissolved in chloroform to produce
a dope solution P5. The concentration of the solids in the dope
solution P5 (the ratio of the total amount of the resins to the
total amount of the solution) was adjusted to 20 percent by
weight.

[0104] 78 Parts by weight of polystyrene (product name
“HF77,” product of PS Japan Corporation) and 22 parts by
weight of poly(2,6-dimethyl-1,4-phenylene oxide) (catalog
No 18242-7, ALDRICH) were dissolved in chloroform to
produce a dope solution P6. The concentration of the solids in
the dope solution P6 was adjusted to 20 percent by weight.
[0105] The dope solution P5 was flow-casted on a glass
plate using a doctor blade and dried to form a transparent resin
layer A5 having a thickness of 200 um. Then the dope solution
P6 was flow-casted on the transparent resin layer AS using a
doctor blade and dried to form a transparent resin layer B5S
having a thickness of 300 pm. The transparent resin layer AS
together with the transparent resin layer BS was peeled off the
glass plate to produce a stacked film 5 having the transparent
resin layers AS and BS.

[0106] Apart from the stacked film 5, other samples were
prepared by flow-casting of only the dope solution P5 or P6
and drying the dope solution in the manner described above,
and measurement was performed on these samples. As to the
resin forming the resin layer A5, the intrinsic birefringence
value was positive, the heat deflection temperature Ts(pl)
was 128° C., and the glass transition temperature Tg(p2) was
129° C. As to the resin forming the resin layer B6, the intrinsic
birefringence value was negative, the heat deflection tem-
perature Ts(p2) was 100° C., and the glass transition tempera-
ture Tg(p2) was 107° C.

[0107] One in-plane direction in the stacked film 5 was
defined as the X axis. The stacked film 5 was stretched by a
factor of 3.2 in this direction at 130° C. and then stretched by
a factor of 1.25 in the Y axis direction that was orthogonal to
the X axis direction at 100° C. to obtain a phase difference
film 5 having a thickness of 130 pm.

[0108] R.sp, Rssos Rgso, and Ry, of the phase difference
film 5 were measured. The results are shown in Table 1. As is
clear from the results in Table 1, the phase difference film 5
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satisfies the requirement R,5,<Rs5,<Rgs, and also satisfies
the requirement 0.92=R,,/R55,=1.08.

[0109] When the phase difference film 5 is stretched in the
X axis direction at a stretching temperature of 130° C., the
phase of the XZ polarized light is delayed relative to the phase
of'the YZ polarized light. When the phase difference film 5 is
stretched in the X axis direction at a stretching temperature of
100° C., the phase of the XZ polarized light is advanced
relative to the phase of the YZ polarized light. Therefore, the
temperature corresponding to the point X3 in FIG. 4 is present
between 100 and 130° C. Accordingly, the phase difference
film 5 satisfies the requirement 3.

Comparative Example 1

[0110] A polycarbonate resin (product name “WONDER-
LITE PC-101,” product of Asahi Kasei Corporation) was
dissolved in chloroform to produce a dope solution P3. The
concentration of the solid in the dope solution P3 was
adjusted to 20 percent by weight.

[0111] A styrene-maleic anhydride copolymer resin (prod-
uct name “Dylark D332,” product of NOVA Chemicals) was
dissolved in chloroform to produce a dope solution P4. The
concentration of the solid in the dope solution P4 was
adjusted to 20 percent by weight.

[0112] The dope solution P3 was flow-casted on a glass
plate using a doctor blade and dried to form a transparent resin
layer A2 having a thickness of 20 pum. Then the dope solution
P4 was flow-casted on the transparent resin layer A2 using a
doctor blade and dried to form a transparent resin layer B2
having a thickness of 160 pm. The transparent resin layer A2
together with the transparent resin layer B2 was peeled off the
glass plate to produce a stacked film 2.

[0113] Apart from the stacked film 2, other samples were
prepared by flow-casting of only the dope solution P3 or P4
and drying the dope solution in the manner described above,
and measurement was performed on these samples. As to the
resin forming the resin layer A2, the intrinsic birefringence
value was positive and the heat deflection temperature Ts(p1)
was 145° C. As to the resin forming the resin layer B2, the
intrinsic birefringence value was negative, and the heat
deflection temperature Ts(p2) was 135° C.

[0114] One in-plane direction in the stacked film 2 was
defined as the X axis. The stacked film 2 was stretched by a
factor of 1.5 in this direction at 145° C. and then stretched by
a factor of 1.25 in the Y axis direction that was orthogonal to
the X axis direction at 130° C. to obtain a phase difference
film 2 having a thickness of 98 um.

[0115] R.so, Rssos Rgses and R, of the phase difference
film 2 were measured. The results are shown in Table 1. As is
clear from the results in Table 1, the phase difference film 2
does not satisty the requirement R ,5,<R55,<Rs0, although
does satisfy the requirement 0.92=R,,/R5,=1.08.

Comparative Example 2

[0116] The dope solution P1 obtained in Example 1 was
flow-casted on a glass substrate and dried to form a transpar-
ent resin layer A3 having a thickness of 200 um. The trans-
parent resin layer A3 was peeled off the glass substrate to
produce a single layer film having only the transparent resin
layer A3.

[0117] One in-plane direction in the single layer film 3 was
defined as the X axis. The single layer film 3 was stretched by
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a factor of 1.25 in this direction at 150° C. to obtain a phase
difference film 3 having a thickness of 162 um.

[0118] R.sp, Rssos Rgso, and Ry, of the phase difference
film 3 were measured. The results are shown in Table 1. As is
clear from the results in Table 1, the phase difference film 3
does not satisfy the requirement 0.92=R,,/R;5,=1.08,
although does satisfy the requirement R,5,<Rs550<Rgs0-

TABLE 1
Lst 2nd Ryso  Rsso Reso  Rag Rao/
stretching stretching  (nm) (nm) (nm) (nm) Rsso
Ex. 1 130° C. 105° C. 168 212 239 210 0.991
factor of  factor of
3.2 1.25
Ex. 2 130° C. 105° C. 184 232 261 243 1.047
factor of  factor of
3.2 1.25
Ex. 3 130° C. 100° C. 590 602 603 589 0978
factor of  factor of
32 1.25
Comp. 145°C. 130° C. 329 305 296 304 0997
Ex. 1 factor of  factor of
1.5 1.25
Comp. 150°C. — 225 285 328 314 1.102
Ex. 2 factor of
1.25

EXPLANATIONS OF REFERENCE NUMERALS

[0119] 1, 2 Pre-stretch film

[0120] A Curve representing characteristics of layer A

[0121] B Curve representing characteristics of layer B

1. An optical film, comprising:

a layer A formed of a resin composition P1 containing a
resin x1 having a positive intrinsic birefringence value
and a resin y1 having a negative intrinsic birefringence
value; and a layer B formed of a resin composition P2
containing a resin x2 having a positive intrinsic birefrin-
gence value and a resin y2 having a negative intrinsic
birefringence value, wherein:

retardation R 5, of light having a wavelength of 450 nm at
an incident angle of 0°, retardation Ry, of light having
a wavelength of 550 nm at an incident angle of 0°, and
retardation R 45, of light having a wavelength of 650 nm
at an incident angle of 0° satisfy a relationship of
R450<Rs50<Rgs0, and

retardation Re at an incident angle of 0° and retardation R,
at an incident angle of 40° satisfy a relationship of
0.92=R,,/Re=1.08.
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2. The optical film according to claim 1, wherein:

an intrinsic birefringence value of the resin composition P1
is positive, and an intrinsic birefringence value of the
resin composition P2 is negative.

3. The optical film according to claim 1, wherein:

the optical film is obtained by stretching more than once a

pre-stretch film.

4. The optical film according to claim 3, wherein:

the pre-stretch film has a layer PA formed of the resin

composition P1 and a layer PB formed of the resin
composition P2, and

the pre-stretch film is a film which causes a phase delay

when the pre-stretch film is uniaxially stretched in a
direction of an X axis at temperature T1 and which also
causes a phase advancement when the pre-stretch film is
uniaxially stretched in the direction of the X axis at
temperature T2 thatis different from the temperature T1,
said phase delay and said phase advancement being of a
phase of linearly polarized light incident perpendicu-
larly on a surface of the pre-stretch film having a vibra-
tion plane of an electric vector lying in an XZ plane
relative to a phase of linearly polarized light incident
perpendicularly on the surface of the pre-stretch film
having a vibration plane of an electric vector lying in a
YZ plane, where the X axis extends in one in-plane
direction in the pre-stretch film, the Y axis extends in an
in-plane direction orthogonal to the X axis in the pre-
stretch film, and the Z axis extends in a direction of a
thickness of the pre-stretch film.

5. The optical film according to claim 4, wherein the
stretching comprises:

stretching treatment (1) in which the pre-stretch film is

uniaxially stretched in one stretching direction at one of
the temperatures T1 and T2; and

stretching treatment (2) in which the pre-stretch film that

has been subjected to the stretching treatment (1) is
uniaxially stretched in a direction orthogonal to the one
stretching direction in the stretching treatment (1) at the
other of the temperatures T1 and T2.

6. The optical film according to claim 1, wherein a differ-
ence between a heat deflection temperature Ts(p1) of the resin
composition P1 and a heat deflection temperature Ts(p2) of
the resin composition P2 is 5° C. or more.

7. The optical film according to claim 1, wherein optical
film is a lengthy film.

8. A liquid crystal display device, comprising the optical
film according to claim 1.
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