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(57) ABSTRACT

Provided is a method capable of setting an appropriate
stretching temperature even in the case where the difference
in Tg of resins contained in respective layers is large and the
case where the thickness of a laminate is large when a retar-
dation plate having reverse dispersion characteristics is pro-
duced by stretching a laminate, and capable of obtaining a
retardation plate which can express a sufficient retardation
and in which retardation unevenness is reduced. The method
of producing a retardation plate of the present invention
includes the steps of applying a solution containing a resin B
and a solvent to an optical base material containing a resin A
to obtain a laminate including an optical base material layer
and an application layer, and stretching the laminate, in which
one of the resin A and the resin B has positive alignment
birefringence, and another one of the resin A and the resin B
has negative alignment birefringence, and the stretching is
performed by setting an amount of a residual solvent in the
laminate to be 2 to 10% by weight.
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METHOD OF PRODUCING A RETARDATION
PLATE, RETARDATION PLATE,
POLARIZING PLATE WITH A
RETARDATION PLATE, LIQUID CRYSTAL
PANEL, AND LIQUID CRYSTAL DISPLAY
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a method of produc-
ing a retardation plate. The present invention also relates to a
retardation plate obtained by the production method, a polar-
izing plate with a retardation plate including the retardation
plate, a liquid crystal panel including the retardation plate,
and a liquid crystal display apparatus including the liquid
crystal panel.

BACKGROUND ART

[0002] A liquid crystal display apparatus, etc. involve such
aproblem that a display screen is colored due to a retardation
caused by a liquid crystal cell. In order to solve the problem,
a retardation plate is used. The retardation plate is generally
used while being attached to a polarizing plate.

[0003] A retardation plate to be used in a liquid crystal
display apparatus, etc. desirably exhibits its function suffi-
ciently with respect to incident light in the entire visible light
region. In particular, the retardation plate desirably has so-
called reverse dispersion characteristics in which an in-plane
direction retardation increases with an increase in a wave-
length. As a retardation plate having reverse dispersion char-
acteristics, a laminated retardation plate in which retardation
plates having different wavelength dispersion characteristics
are laminated so that slow axes are perpendicular to each
other (for example, see Patent Document 1).

[0004] Inthe laminated retardation plate, retardation plates
to be laminated are attached to each other with a pressure-
sensitive adhesive. Therefore, optical properties may
decrease due to the presence of a pressure-sensitive adhesive
layer. Further, when the retardation plates are attached to each
other with a pressures-sensitive adhesive, an axis shift of the
retardation plates to be laminated occurs, with the result that
retardation plates having reverse dispersion characteristics
may not be obtained.

[0005] In order to prevent the axis shift of a laminated
retardation plate, a method of producing a laminated retarda-
tion plate having reverse dispersion characteristics by co-
extruding melt of a resin having positive alignment birefrin-
gence and melt of a resin having negative alignment
birefringence to form a laminate, and stretching the laminate
in the same direction (for example, see Patent Document 2).

[0006] In the case of producing a laminated retardation
plate by the co-extrusion and stretching, respective layers are
stretched simultaneously in a uniaxial direction to express a
retardation. Generally, in order to express a retardation,
stretching is performed in the vicinity of a glass transition
temperature (Tg) of a resin contained in each layer. Inthe case
where Tg’s of resins of the layers greatly differs from each
other, a retardation is difficult to be expressed when the
stretching temperature is adjusted to a higher Tg, and retar-
dation unevenness occurs when the stretching temperature is
adjusted to a lower Tg. In such cases, it is difficult to set an
appropriate stretching temperature, and it is necessary to limit
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a combination of resins to be used so that the difference in
glass transition temperature (Tg) of the resins contained in the
respective layers is small.

[0007] In the case where the thickness of a laminate
increases so as to express a desired retardation, it is necessary
to increase a stretching temperature so as to stretch the lami-
nate uniformly. Even in such a case, there arises problems that
a retardation is not expressed and retardation unevenness
occurs.

Patent Document 1: JP 04-343303 A

Patent Document 2: JP 2003-107542 A

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] It is an object of the present invention to provide a
method capable of setting an appropriate stretching tempera-
ture even in the case where the difference in Tg of resins
contained in respective layers is large and the case where the
thickness of a laminate is large when a retardation plate
having reverse dispersion characteristics is produced by
stretching a laminate, and capable of obtaining a retardation
plate which can express a sufficient retardation and in which
retardation unevenness is reduced. It is also an object of the
present invention to provide a retardation plate obtained by
such a method, a polarizing plate with a retardation plate and
a liquid crystal panel including the retardation plate, and a
liquid crystal display apparatus including the liquid crystal
panel.

Means for Solving the Problems

[0009] A method of producing a retardation plate according
to the present invention includes the steps of applying a solu-
tion containing a resin B and a solvent to an optical base
material containing a resin A to obtain a laminate including an
optical base material laver and an application layer; and
stretching the laminate, in which: one of the resin A and the
resin B has positive alignment birefringence, and another one
of the resin A and the resin B has negative alignment birefrin-
gence; and the stretching is performed by setting an amount of
a residual solvent in the laminate to be 2 to 10% by weight.
[0010] In a preferred embodiment, a glass transition tem-
perature Tg(B) of the resin B is higher than a glass transition
temperature Tg(A) of the resin A.

[0011] Inapreferred embodiment, the stretching tempera-
ture of the laminate is lower than the glass transition tempera-
ture Tg(A) of the resin A.

[0012] Inapreferred embodiment, the resin having positive
alignment birefringence is a norbornene-based resin.

[0013] In a preferred embodiment, the resin having nega-
tive alignment birefringence is a styrene-maleic anhydride
copolymer.

[0014] According to another aspect of the present inven-
tion, a retardation plate is provided. The retardation plate of
the present invention is obtained by the production method of
the present invention.

[0015] According to another aspect of the present inven-
tion, a polarizing plate with a retardation plate is provided.
The polarizing plate with a retardation plate of the present
invention includes the retardation plate of the present inven-
tion and a polarizing plate.

[0016] According to another aspect of the present inven-
tion, a liquid crystal panel is provided. The liquid crystal
panel of the present invention includes the retardation plate of
the present invention.
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[0017] According to another aspect of the present inven-
tion, aliquid crystal display apparatus is provided. The liquid
crystal display apparatus of the present invention includes the
liquid crystal panel of the present invention.

EFFECTS OF THE INVENTION

[0018] According to the present invention, an appropriate
stretching temperature can be set even in the case where the
difference in Tg of resins contained in respective layers is
large and the case where the thickness of a laminate is large
when a retardation plate having reverse dispersion character-
istics is produced by stretching a laminate, and a retardation
plate which can express a sufficient retardation and in which
retardation unevenness is reduced can be obtained. Further, a
polarizing plate with a retardation plate, a liquid crystal panel,
and a liquid crystal display apparatus using the retardation
plate obtained by such a method can express excellent optical
properties.

[0019] Those effects can be expressed by producing a retar-
dation plate having reverse dispersion characteristics by
applying a solution containing one of resins having positive
or negative alignment birefringence to an optical base mate-
rial containing the other of the resins to prepare a laminate,
and by stretching the laminate under particular conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG.1isaschematic cross-sectional view of aliquid
crystal panel according to a preferred embodiment of the
present invention.

[0021] FIG.2isaschematic cross-sectional view of aliquid
crystal display apparatus according to a preferred embodi-
ment of the present invention.

DESCRIPTION OF REFERENCE NUMERALS

[0022] 10 liquid crystal cell
[0023] 11 substrate

[0024] 11' substrate

[0025] 12 liquid crystal layer
[0026] 13 spacer

[0027] 20 first polarizer
[0028] 20" second polarizer
[0029] 30 retardation plate
[0030] 40 retardation plate
[0031] 50 polarizing plate
[0032] 50' polarizing plate
[0033] 60 light guide plate
[0034] 70 light source

[0035] 80 reflector

[0036] 100 liquid crystal panel
[0037] 1000 liquid crystal display apparatus

BEST MODE FOR CARRYING OUT THE
INVENTION

Definitions of Terms and Symbols

[0038] Definitions of terms and symbols in the specifica-
tion of the present invention are described below.

[0039] (1) The symbol “nx” refers to a refractive index in a
direction providing a maximum in-plane refractive index
(that is, a slow axis direction), the symbol “ny” refers to a
refractive index in a direction perpendicular to the slow axis
in the plane (that is, a fast axis direction), and the symbol “nz”
refers to a refractive index in a thickness direction. Further,
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the expression “nx=ny”, for example, not only refers to a case
where nx and ny are exactly equal but also includes a case
where nx and ny are substantially equal. In the specification
of the present invention, the phrase “substantially equal”
includes a case where nx and ny differ within a range provid-
ing no effects on overall optical properties of an optical film
(retardation plate and the like) in practical use.

[0040] (2) The term “in-plane retardation Re(A)” refers to
an in-plane retardation value of a film (layer) measured at 23°
C. by using a light having a wavelength of A nm. Re(2.) can be
determined from an equation Re(h)=(nx-ny)xd, where nx
and ny represent refractive indices of a film (layer) at a wave-
length of A nm in a slow axis direction and a fast axis direc-
tion, respectively, and d (nm) represents a thickness of the
film (layer). For example, Re(480), Re(590), and Re(750)
represent in-plane retardations at wavelengths of 480 nm, 590
nm, and 750 nm, respectively.

[0041] [Method of Producing a Retardation Plate]

[0042] A method of producing a retardation plate of the
present invention includes a step of applying a solution con-
taining a resin B and a solvent to an optical base material
containing a resin A to obtain a laminate including an optical
base material layer and an application layer, and the step of
stretching the laminate, in which one of the resin A and the
resin B has positive alignment birefringence, the other has
negative alignment birefringence, and the stretching is per-
formed by setting the amount of a residual solvent in the
laminate to be 2 to 10% by weight. Hereinafter, the produc-
tion method of the present invention will be described in
detail.

[0043] (Resin Having Positive Alignment Birefringence)
[0044] In the present invention, the resin having positive
alignment birefringence refers to a resin in which a refractive
index in a stretching direction becomes maximum when a
layer formed of the resin is stretched. Examples of the resin
having positive alignment birefringence include a nor-
bornene-based resin, an acetate-based resin, a polyester-
based resin, a polyethersulfon-based resin, a polycarbonate-
based resin, a polyamide-based resin, a polyimide-based
resin, a polyolefin-based resin, polyethylene oxide, and
polyphenylene ether. In order to enhance the thermal resis-
tance and mechanical strength of a film, those including an
alkene unit, a substituted or un-substituted maleimide unit, a
vinyl-based unit, or the like may be used. Specific examples
thereof include an olefin maleimide copolymer. As a resin
having positive alignment birefringence used in the present
invention, a norbornene-based resin is particularly preferred.
[0045] (Resin Having Negative Alignment Birefringence)
[0046] In the present invention, the resin having negative
alignment birefringence refers to a resin in which a refractive
index in a direction perpendicular to a stretching direction
becomes maximum when a layer formed of the resin is
stretched. Examples of the resin having negative alignment
birefringence include: a single monomer based resin such as
polystyrene, an acrylic homopolymer, a methacylic
homopolymer, an acrylate-based homopolymer, and a meth-
acrylate-based homopolymer; and a copolymer of the single
monomer and another monomer that enhances mechanical
properties and the like. Specific examples thereof include a
styrene-maleic anhydride copolymer, a styrene-maleimide
copolymer, a copolymer including an olefin-based unit and an
acrylic unit, and a copolymer including a nitrile-based umt
and a styrene-based unit. Examples of the styrene-based com-
pound constituting a styrene-based unit include an unsubsti-
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tuted or substituted styrene-based compound such as styrene,
vinyltoluene, methoxystyrene or chlorostyrene, and a-meth-
ylstynrene. Examples of the nitrile-based compound consti-
tuting a nitrile-based unit include c-substituted unsaturated
nitrile such as acrylonitrile and methacrylonitrile, and those
having an o, f-di-substituted olefinic unsaturated bond such
as fumaronitrile. As the resin having negative alignment bire-
fringence used in the present invention, in particular, a sty-
rene-maleic anhydride copolymer is preferred.

[0047] (Optical Base Material)

[0048] In the present invention, the optical base material
contains a resin A. As the resin A, the resin having positive
alignment birefringence or resin having negative alignment
birefringence is used. A method of producing an optical base
material is not particularly limited. For example, the resin A
can be formed as an unstretched film or sheet, using any
suitable forming method. Examples of the forming method
include extrusion molding, calendar forming, solvent casting,
and film casting.

[0049]

[0050] Inthe presentinvention, a laminate (laminate before
being stretched) including an optical base material layer and
an application layer is obtained by applying a solution con-
taining a resin B and a solvent to an optical base material
containing the resin A. As the resin B, the resin having posi-
tive alignment birefringence or the resin having negative
alignment birefringence is used. In the case where the resin A
is the resin having positive alignment birefringence, the resin
B is a resin having negative alignment birefringence, and in
the case where the resin A is a resin having negative alignment
birefringence, the resin B is a resin having positive alignment
birefringence.

[0051] Any suitable solvent may be used as the solvent
without being particularly limited. For example, any solvent
which can dissolve resin B may be appropriately decided in
accordance with the type of resin B. Specific examples
include: halogenated hydrocarbons such as chloroform,
dichloromethane, carbon tetrachloride, dichloroethane, tetra-
chloroethane, trichloroethylene, tetrachloroethylene, chlo-
robenzene, and orthodichlorobenzene; phenols such as phe-
nol and parachlorophenol; aromatic hydrocarbons such as
benzene, toluene, xylene, methoxybenzene, and 1,2-
dimethoxybenzene; ketone-based solvents such as acetone,
methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
cyclopentanone, 2-pyrrolidone, and N-methyl-2-pyrroli-
done; ester-based solvents such as ethyl acetate and butyl
acetate; alcohol-based solvents such as t-butyl alcohol, glyc-
erin, ethylene glycol, triethylene glycol, ethylene glycol
monomethyl ether, diethylene glycol dimethyl ether, propy-
lene glycol, dipropylene glycol, and 2-methyl-2,4-pen-
tanediol; amide-based solvents such as dimethylformamide
and dimethylacetamide; nitrile-based solvents such as aceto-
nitrile and butyronitrole; ether-based solvents such as diethyl
ether, dibutyl ether, and tetrahydrofuran; carbon disulfide;
and cellosolve-based solvents such as ethyl cellosolve and
butyl cellosolve. The solvents may be used alone or in com-
bination.

[0052] Theapplication layer is obtained by applying a solu-
tion containing the resin B and the solvent to the optical base
material. The solution (application solution) contains the
resin B and the solvent, and may contain any other suitable
components as long as the effects of the present invention are

(Laminate)
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not impaired. Examples of the other components include
various additives such as a stabilizer, metals, and a compati-
bilizer.

[0053] The concentration of the solution is not particularly
limited, and can be adjusted to any suitable concentration as
long as the effects of the present invention are not impaired.
For example, the concentration of the resin B is preferably 0.5
to 50 parts by weight, more preferably 1 to 40 parts by weight,
and still more preferably 2 to 35 parts by weight with respect
to 100 parts by weight of a solvent, because the viscosity at
which the application becomes easy is obtained. It is pre-
ferred that the concentration of the resin B be 0.5 parts by
weight or more with respect to 100 parts by weight of a
solvent, because the viscosity suitable for application can be
obtained. Further, it is preferred that the concentration of the
resin B be 50 parts by weight or less with respect to 100 parts
by weight of a solvent, because the viscosity at which a
smooth applied surface can be formed is obtained.

[0054] Any suitable application method can be adopted as
the application method without being particularly limited.
For example, spin coating, roll coating, flow coating, die
coating, blade coating, printing, dip coating, casting deposi-
tion, bar coating, and gravure printing are mentioned.
[0055] The laminate includes a laminate structure obtained
by applying a solution containing the resin B and the solvent
to an optical base material containing the resin A, i.e., a
laminate structure including an optical base material layer
and an application layer. The laminate may include two layers
of an optical base material layer and an application layer, and
may further include one layer or two or more layers of other
optical layers. That is, the number of the lamination of the
laminate is not particularly limited as long as it is two or more.
[0056] The thickness of the laminate is not particularly
limited, and adjusted in accordance with a desired retarda-
tion. Further, the thicknesses of the optical base material layer
and the application layer are not particularly limited, and
adjusted in accordance with a desired retardation and reverse
dispersion characteristics. In order to express a retardation
exactly by setting an appropriate stretching temperature, it is
preferred to set the thickness of the application layer to be
equal to or smaller than that of the optical base material layer.

[0057] (Adjustment of the Amount of a Residual Solvent of
a Laminate)
[0058] The method of producing a retardation plate of the

present invention includes the step of stretching the laminate.
In the present invention, the laminate is stretched after the
amount of a residual solvent in the laminate (laminate before
being stretched) is adjusted to 2 to 10% by weight. When the
laminate is stretched after the amount of a residual solvent is
adjusted to this range, the stretching temperature can be
decreased after a desired retardation is expressed, compared
with the case where the laminate (before being stretched)
contains little residual solvent. This is presumed that the
solvent functions as a plasticizer due to the presence of a
residual solvent in the laminate during stretching, which
decreases the entire stretching temperature.

[0059] The amount of a residual solvent in the laminate
(before being stretched) is preferably 2 to 9% by weight, and
more preferably 3 to 8% by weight. When the amount of a
residual solvent is less than 2% by weight, the stretching
temperature may not be decreased. Further, in the case where
a laminate is composed of a combination of layers having
Tg’s of large differences and in the case where the thickness
of the laminate is large, a desired retardation may not be
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expressed by stretching. When the amount of a residual sol-
vent exceeds 10% by weight, wrinkles are formed in the
laminate during stretching, which may make it impossible to
produce an appropriate retardation plate.

[0060] The optical base material layer in the laminate (be-
fore being stretched) preferably contains no residual solvent,
and ifa residual solvent is contained therein, it is preferably in
an amount of 0.5% by weight or less and more preferably in
an amount of 0.3% by weight or less with respect to the
optical base material layer (optical base material). In the case
where a solvent remains in the optical base material layer, a
resin is not aligned even if the laminate is stretched due to the
presence of the residual solvent in combination with the
impregnation with a solvent from an application layer, and a
retardation may not be expressed. In particular, when a large
amount of solvent is contained in a layer having a resin with
a lower Tg, a retardation may not be expressed.

[0061] Inthe presentinvention, an application layer is pro-
vided on an optical base material to make it unnecessary to
provide a support, which can also make it unnecessary to set
peeling and the like from the support.

[0062] The amount of a residual solvent is represented by
the following expression. X represents the weight of a lami-
nate immediately before being stretched. andY represents the
weight of a laminate immediately before being stretched and
after being heated at 150° C. for 30 minutes.

Amount of a residual solvent (% by weight)=[(X-Y)/
XJx100

[0063] As a method of adjusting the amount of a residual
solvent in the laminate (before being stretched), any suitable
method can be adopted without any particular limit.
Examples thereof include a method of sending hot air to a
laminate, and a method of allowing a laminate to pass through
a dry chamber heated to a predetermined temperature for a
predetermined period of time. The specific conditions for
adjusting the amount of a residual solvent in a laminate (be-
fore being stretched) are appropriately set depending upon
the thickness of a laminate, the kind of a solvent, and the like.
[0064] (Stretching of a Laminate)

[0065] Inthe presentinvention, as described above, a lami-
nate is stretched after the amount of a residual solvent in the
laminate (before being stretched) is adjusted to 2 to 10% by
weight. As the stretching method, any suitable stretching
method can be adopted. Examples thereof include longitudi-
nal uniaxial stretching for stretching a laminate in the same
direction as that of transporting the laminate, and lateral
uniaxial stretching (tenter stretching) for stretching a lami-
nate in a direction perpendicular to that of transporting the
laminate. It is also possible to provide biaxiality by biaxial
stretching so as to control a thickness direction.

[0066] The stretching ratio may be appropriately set
depending upon a desired retardation value and the thickness
of a laminate. The stretching ratio is preferably 1.1 to 3.0
times, and more preferably 1.2 to 2.8 times.

[0067] The stretching temperature can be appropriately
determined depending upon a glass transition temperature
Tg(A) of the resin A, a glass transition temperature Tg(B) of
the resin B, and the amount of a residual solvent of a laminate
during stretching. Usually, the stretching temperature for
expressing a retardation is in the vicinity of the glass transi-
tion temperature (Tg) of a material resin to be stretched, and
in the case of a laminate, the difference in Tg of the resins
constituting respective layers is generally minimized as far as
possible. In the case where the Tg’s of the resins of the
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respective layers are different from each other to a large
extent, a retardation is difficult to be expressed when the
stretching temperature is adjusted to a higher Tg, and retar-
dation unevenness occurs when the stretching temperature is
adjusted to a lower Tg. In such a case, there arise problems
that it becomes difficult to set an appropriate stretching tem-
perature, and it is necessary to limit a combination ofresins to
be used so that the difference in glass transition temperature
(Tg) of the resins contained in the respective layers becomes
small. According to the method of producing a retardation
plate of the present invention, even in the case where the
difference in Tg of the resins contained in the respective
layers is large, it is possible to set an appropriate stretching
temperature (for example, a low stretching temperature) after
allowing a desired retardation to be expressed. For example,
even in the case where the difference in Tg of the resins
contained in the respective layers is larger than 10°C., e.g., 15
to 40° C., it is possible to produce a retardation plate by
decreasing a stretching temperature after allowing a desired
retardation to be expressed. Further, even in the case where
the difference in Tg of the resins contained in the respective
layers is zero or small, it is possible to produce a retardation
plate by the production method of the present invention.
Particularly, in the case where it is desired to decrease the
stretching temperature for the purpose of saving energy and
the like, the production method of the present invention is
preferred.

[0068] In the case where the thickness of a laminate is
increased in order to express a desired retardation, it has been
necessary to increase a stretching temperature so as to stretch
the laminate uniformly according to a conventional produc-
tion method. Consequently, there arise problems that a retar-
dation is not expressed and retardation unevenness occurs.
According to the present invention, it is possible to set an
appropriate stretching temperature (for example, a low
stretching temperature) after allowing a desired retardation to
be expressed. The case where the thickness of a laminate
increases refers to, for example, the case where the thickness
becomes 150 pm or more, although not limited uniquely
depending upon the kind of resins. Even in the case where the
thickness of a laminate is less than 150 um, it is possible to
produce a retardation plate by the production method of the
present invention, and the production method of the present
invention is preferred in the case where it is desired to
decrease the stretching temperature for the purpose of saving
energy and the like.

[0069] According to the present invention, in order to
decrease the stretching temperature more effectively, it is
preferred to set the glass transition temperature Tg(B) of the
resin B contained in the application layer to be higher than the
glass transition temperature Tg(A) of the resin A contained in
the optical base material layer. More specifically, it is pre-
ferred that a relationship of Tg(A)<Tg(B) be satisfied. This is
because the resin having a higher Tg is contained in the
application layer, and a residual solvent is present in the
application layer, whereby the stretching temperature can be
decreased more effectively. In contrast, when the resin having
a lower Tg is contained in the application layer, it may be
difficult for a retardation to be expressed.

[0070] Inthe presentinvention, inorder to express a desired
retardation, it is preferred to set the stretching temperature to
be lower than the glass transition temperature Tg(A) of the
resin A contained in the optical base material layer. More
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specifically, it is preferred that a relationship of T<Tg(A) be
satisfied, where T represents a stretching temperature.
[0071] In order to express the effects of the present inven-
tion most satisfactorily, it is preferred that a relationship of
T<Tg(A)<Tg(B) be satisfied.

[0072] [Retardation Plate]

[0073] In the present invention, a laminate including the
optical base material layer containing the resin A and the
application layer containing the resin B are stretched simul-
taneously in the same direction under the above conditions,
whereby the retardation plate of the present invention is pro-
duced. Thus, the slow axis (in which a refractive index
becomes maximum) of the layer containing a resin having
positive alignment birefringence is expressed in the same
direction as the stretching direction, and a slow axis of a layer
containing a resin having negative alignment birefringence is
expressed in a direction perpendicular to the stretching direc-
tion. Consequently, the layers are laminated so that the slow
axes are perpendicular to each other, and in-plane direction
retardations of the respective layers cancel each other. There-
fore, a retardation plate having reverse dispersion character-
istics can be produced preferably. Further, it is not necessary
to attach the layers with a pressure-sensitive adhesive, so
optical properties may not be degraded, and an axis shift may
not occur.

[0074] The retardation plate having reverse dispersion
characteristics preferably has characteristics in which an in-
plane retardation (Re) increases with an increase in wave-
length, particularly in an wavelength range of 400 to 750 nm
of a visible light region. For example, in the case where
in-plane retardations at wavelengths of 480 nm, 590 nm, and
750nm are Re(480), Re(590), and Re(750), such a retardation
plate has a relationship of Re(480)<Re(590)<Re(750).
[0075] In order to produce a retardation plate having
reverse dispersion characteristics, a combination of a resin
having large wavelength dispersion characteristics (positive
dispersion, and a slope thereof is steep) and a resin having
small wavelength dispersion characteristics (positive disper-
sion, and a slope thereof is gentle), and further, it is preferred
to laminate layers in such a manner that the thickness of the
resin layer having small wavelength dispersion characteris-
tics is smaller than that of the resin layer having large wave-
length dispersion characteristics. Regarding the respective
characteristics of reverse dispersion, an appropriate material
can be used depending upon desired reverse dispersion char-
acteristics.

[0076] The thickness of the retardation plate produced by
stretching is not particularly limited, and is set appropriately
depending upon a desired retardation value. The thickness is
preferably 10 um to 200 pm, more preferably 20 to 150 pm,
and still more preferably 30 to 100 um.

[0077] Considering the post-processing such as wind-up
and the optical properties to be expressed, the amount of a
residual solvent immediately after stretching of the retarda-
tion plate produced by stretching is preferably 3.0% by
weight or less, more preferably 2.0% by weight or less, still
more preferably 1.0% by weight or less, and particularly
preferably 0.5% by weight or less. The lower limit is prefer-
ably as low as possible, and most preferably substantially 0%

by weight.

[0078] [Polarizing Plate with a Retardation Plate]

[0079] (Polarizer)

[0080] Any appropriate polarizer may be employed as the

polarizer that can be used for the polarizing plate with a
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retardation plate of the present invention in accordance with
the purpose. Examples thereof include: a film prepared by
adsorbing a dichromatic substance such as iodine or a dichro-
matic dye on a hydrophilic polymer film such as a polyvinyl
alcohol-based film, a partially formalized polyvinyl alcohol-
based film, a partially saponified ethylene/vinyl acetate
copolymer-based film, or a cellulose-based film, and then
uniaxially being stretched; and a polyene-based aligned film
such as a dehydrated product of a polyvinyl alcohol or a
dehydrochlorinated product ofa polyvinyl chloride. Of those,
a polarizer prepared by adsorbing a dichromatic substance
such as iodine on a polyvinyl alcohol-based film and uniaxi-
ally being stretched is particularly preferable because ofhigh-
polarized dichromaticity. A thickness of the polarizer is not
particularly limited, but is generally about 1 to 80 pm.
[0081] The polarizer prepared by adsorbing iodine on a
polyvinyl alcohol-based film and uniaxially being stretched
may be produced by, for example: immersing a polyvinyl
alcohol-based film in an aqueous solution of iodine for col-
oring; and stretching the film to 3 to 7 times the length of the
original length. The aqueous solution may contain boric acid,
zine sulfate, zinc chloride, or the like as required, or the
polyvinyl alcohol-based film may be immersed in an aqueous
solution of potassium iodide or the like. By washing the
polyvinyl alcohol-based film with water, contamination on a
surface thereof and an antiblocking agent can be washed off.
Further, by washing the polyvinyl alcohol-based film with
water, swelling of the polyvinyl alcohol-based film and pre-
venting nonuniformity such as uneven coloring becomes pos-
sible. The stretching of the film may be performed after col-
oring of the film with iodine, may be performed during
coloring of the film, or may be performed followed by color-
ing of the film with iodine. The stretching may be performed
in an aqueous solution of boric acid or potassium iodide, or in
a water bath.

[0082] (Protective Layer)

[0083] It is preferred that the protective layer that can be
used for the polarizing plate with a retardation plate of the
present invention be transparent and colorless.

[0084] The thickness of the protective layer can be set
appropriately depending upon the purpose. Specifically, the
thickness is preferably 20 to 140 pm, more preferably 40 to
120 pum, and still more preferably 60 to 100 pm.

[0085] Any appropriate material may be employed as the
material for constituting the protective layer. As an example
of the material, a plastic film having excellent transparency,
mechanical strength, thermal stability, water blocking prop-
erty, anisotropy, and the like, for example, is mentioned.
Specific examples of the resin constituting the plastic film
include an acetate resin such as triacetylcellulose (TAC), a
polyester resin, a polyether sulfone resin, a polysulfone resin,
a polycarbonate resin, a polyamide resin, a polyimide resin, a
polyolefin resin, an acrylic resin, a polynorbornene resin, a
cellulose resin, a polyarylate resin, a polystyrene resin, a
polyvinyl alcohol resin, a polyacrylic resin, and a mixture
thereof. Further, an acrylic-based, urethane-based, acrylic
urethane-based, epoxy-based, or silicone-based thermoset-
ting resin or UV-curing resin may also be used. Of those, a
TAC film subjected to surface saponification treatment with
alkali or the like is preferable from the viewpoints of polar-
ization properties and durability.

[0086] Further, a polymer film formed of a resin composi-
tion described in JP 2001-343529 A (WO 01/37007), for
example, may be used as a protective layer. Specifically, the
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film is formed of a mixture of a thermoplastic resin having a
substituted imide group or unsubstituted imide group on a
side chain, and a thermoplastic resin having a substituted
phenyl group or unsubstituted phenyl group and a cyano
group on a side chain. A specific example thereof includes a
resin composition containing an alternate copolymer of
isobutene and N-methylene maleimide, and an acrylonitrile-
styrene copolymer. An extruded product of such a resin com-
position may be used, for example.

[0087] The protective layer may be subjected to, for
example, hard coat treatment, reflection preventing treat-
ment, treatment for the purposes of sticking prevention, dis-
persion and antiglare. The hard coat treatment is performed
for the purpose of preventing damage of the surface of a
polarizing plate, and for example, is a treatment for forming
a cured coating film excellent in hardness and sliding prop-
erty, formed of a curable resin, on the surface of the protective
layer. As the curable resin, for example, silicone-based, ure-
thane-based, acrylic, and epoxy-based UV-curable resin and
the like can be used, and the treatment can be performed by a
conventional known method. The sticking prevention is pet-
formed for the purpose of preventing the close adhesion
between adjacent layers. The reflection prevention treatment
is performed for the purpose of preventing the reflection of
ambient light on the surface of the polarizing plate, and can be
performed by forming a conventionally known reflection pre-
venting layer and the like.

[0088] (Polarizing Plate)

[0089] The basic configuration of the polarizing plate that
can be used for the polarizing plate with a retardation plate of
the present invention is not particularly limited, but it is pre-
ferred that the protective layers be laminated on both sides of
the polarizer. The protective layers laminated on both sides of
the polarizer may be the same as or different from each other.
[0090] As a method of laminating the polarizer and the
protective layer, any suitable lamination method (for
example, bonding) can be adopted. The bonding can be pet-
formed using any suitable adhesive or pressure-sensitive
adhesive. The kind of the adhesive or the pressure-sensitive
adhesive can be selected appropriately depending upon the
kind of an adherend (i.e., a polarizer and a protective layer).
Specific examples of the adhesive include acrylic, vinyl alco-
hol-based, silicone-based, polyester-based, polyurethane-
based, or polyether-based polymer adhesive, an isocyanate-
based adhesive, and a rubber-based adhesive. Specific
examples of the pressure-sensitive adhesive include an
acrylic, vinyl alcohol-based, silicone-based, polyester-based,
polyurethane-based, polyether-based, isocyanate-based, or
rubber-based pressure-sensitive adhesive. The thickness of
the adhesive or pressure-sensitive adhesive is not particularly
limited, but it is preferably 10 to 200 nm, more preferably 30
to 180 nm, and most preferably 50 to 150 nm.

[0091] The polarizing plate that can be used for the polar-
izing plate with a retardation plate of the present invention can
be provided with still another optical layer. As another optical
layer, any suitable optical layer can be adopted depending
upon the purpose and the kind of an image display apparatus.
Specific examples thereof include a liquid crystal film, a light
scattering film, a diffraction film, and still another optical
compensation layer (retardation film).

[0092] (Polarizing Plate with a Retardation Plate)

[0093] The polarizing plate of the present invention can be
used for various kinds of optical applications, specifically, as
optical compensation members of various kinds of liquid
crystal display elements, as a single film or a laminate com-
bined with another optical film or the like, if required. For
example, by attaching an iodine-based or dye-based polariz-
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ing plate (or a polarizer) produced industrially to the retarda-
tion plate of the present invention via an adhesive, a pres-
sures-sensitive adhesive, or the like, a polarizing plate with an
retardation plate having a function of compensating and
adjusting the birefringence of a liquid crystal display element
can be obtained.

[0094] [Liquid Crystal Panel]

[0095] The liquid crystal panel of the present invention
includes the retardation plate of the present invention. FIG. 1
is a schematic cross-sectional view of a liquid crystal panel
according to a preferred embodiment of the present invention.
The liquid crystal panel 100 includes a liquid crystal cell 10,
a first polarizer 20 placed on one side (viewer side in the
illustrated example) of the liquid crystal cell 10, a second
polarizer 20" placed on the other side (backlight side in the
illustrated example) of the liquid crystal cell 10, a retardation
plate 30 placed between the first polarizer 20 and the liquid
crystal cell 10, and a retardation plate 40 placed between the
second polarizer 20" and the liquid crystal cell 10. At least one
of the retardation plate 30 and the retardation plate 40 is the
retardation plate of the present invention. If required, any
suitable protective layer (not shown) can be provided on at
least one side of'the first polarizer 20. If required, any suitable
protective layer (not shown) can be provided on at least one
side of the second polarizer 20". By providing the protective
layer, the degradation of the polarizer can be prevented. It is
preferred that the first polarizer 20 and the second polarizer
20" be placed so that absorption axes thereof are perpendicu-
lar to each other. Another optical compensation layer (not
shown) may be provided between the liquid crystal cell 10
and the first polarizer 20. Another optical compensation layer
(not shown) may be provided between the liquid crystal cell
10 and the second polarizer 20'". The kind, number, placement
position, and the like of the optical compensation layer can be
selected appropriately depending upon the purpose. The opti-
cal elements constituting the liquid crystal panel of the
present invention, i.e., the liquid crystal cell 10, the first
polarizer 20, the second polarizer 20/, the retardation plate 30,
the retardation plate 40, other optical compensation layers,
the protective layer, and the like can be laminated via any
suitable pressure-sensitive adhesive layers or adhesive layers.

[0096] The liquid crystal cell 10 includes a pair of sub-
strates 11, 11' and a liquid crystal layer 12 as a display
medium interposed between the substrates 11, 11'. On one
substrate (color filter substrate) 11, a color filter and a black
matrix (neither of which is shown) are provided. On the other
substrate (active matrix substrate) 11', switching elements
(typically TFTs) (not shown) controlling the electrooptical
properties of liquid crystal, scanning lines (not shown) sup-
plying a gate signal to the switching elements and signal lines
(not shown) supplying a source signal, and pixel electrodes
and counter electrodes (neither of which is shown) are pro-
vided. Note that the color filter may be provided on the active
matrix substrate 11' side. The interval (cell gap) between the
substrates 11, 11' is controlled with a spacer (not shown). On
the sides of the substrates 11, 11' to which the liquid crystal
layer 12 contacts, for example, alignment films (not shown)
formed of polyimide are provided.

[0097] As thedriving mode of the liquid crystal cell 10, any
suitable driving mode can be adopted as long as the effects of
the present invention are obtained.

[0098] Specific examples of the driving mode include a
super twisted nematic (STN) mode, a twisted nematic (TN)
mode, an in-plane switching (IPS) mode, a vertical aligned
(VA) mode, an optically aligned birefringence (OCB) mode,
a hybrid aligned nematic (HAN) mode, and an axially sym-
metric aligned microcell (ASM) mode.
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[0099] [Liquid Crystal Display Apparatus]

[0100] The liquid crystal display apparatus of the present
invention includes the liquid crystal panel of the present
invention. FIG. 2 is a schematic cross-sectional view of a
liquid crystal display apparatus according to a preferred
embodiment of the present invention. In the illustrated
example, although a transmission-type liquid crystal display
apparatus is described, it should be appreciated that the
present invention is also applied to a reflection-type liquid
crystal display apparatus or the like.

[0101] In FIG. 2, a liquid crystal display apparatus 1000
includes a liquid crystal cell 10, retardation plates 30, 40
placed with the liquid crystal cell 10 interposed there
between, polarizing plates 50, 50' placed on outer sides of the
retardation plates 30, 40, a light guide plate 60, a light source
70, and a reflector 80. The polarizing plates 50, 50" are placed
so that polarization axes thereof are perpendicular to each
other. The liquid crystal cell 10 includes a pair of glass sub-
strates 11, 11', and a liquid crystal layer 12 as a display
medium placed between the substrates.

[0102] Forexample, inthe caseofa TN system, in theliquid
crystal display apparatus 1000, liquid crystal molecules of the
liquid crystal layer 12 are aligned in such a manner that
polarization axes are shifted by 90° under no voltage appli-
cation. In such a state, incident light with a light in one
direction transmitted by the polarizing plate is twisted by 90°
by liquid crystal molecules. As described above, since the
polarizing plates are placed so that polarization axes thereof
are perpendicular to each other, the light (polarized light)
having reached the other polarizing plate is transmitted
through the polarizing plate. Thus, under no voltage applica-
tion, the liquid crystal display apparatus 1000 exhibits awhite
display (normally white system). On the other hand, when a
voltage is applied to the liquid crystal display apparatus 1000,
the alignment of the liquid crystal molecules in the liquid
crystal layer 12 changes. Consequently, light (polarized light)
having reached the other polarizing plate cannot be transmit-
ted through the polarizing plate and exhibits a black display.
By switching a display in such a manner for each pixel using
an active element, an image is formed.

EXAMPLES

[0103] Hereinafter, the present invention will be described
more specifically by way of examples. It should be noted that
the present invention is not limited by these examples. In the
examples and comparative examples, “part” and “%” are
based on a weight. Further, the amount of a residual solvent
and a retardation were measured by the following methods.

[0104] (Amount of a Residual Solvent)

[0105] Inorderto measure the amount ofaresidual solvent,
a part of the obtained laminate was cut into a piece of 5 cm in
all sides, and a weight X (weight immediately before stretch-
ing) of the laminate before being heated and a weight Y of the
laminate after being heated at 150° C. for 30 minutes were
measured, whereby the amount of a residual solvent imme-
diately before stretching was calculated by the following
expression:

Amount of a residual solvent (% by weight)=[(X-Y)/

XJ%100
[0106] (Retardation)
[0107] Theretardation was obtained by measuring in-plane

retardations Re(480), Re(590), and Re(750) at wavelengths
of 480 nm, 590 nm, and 750 nm, respectively, using a retar-
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dation measurement apparatus (KOBRA21ADH (trade
name) manufactured by Oji Scientific Instruments).

Example 1

[0108] As an optical base material, a film (amount of a
residual solvent=0.3%, thickness=70 um) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared.

[0109] As a resin having negative alignment birefringence,
astyrene-maleic anhydride copolymer (Tg=148° C.) was pre-
pared. The styrene-maleic anhydride copolymer was
obtained by supplying styrene (1,000 g/hr) and a styrene
solution of maleic anhydride (700 g/hr, the amount of maleic
anhydride=25 g/hr) successively to a 2-L stainless autoclave
at 110° C. foraretention time of 1 hour, extracting the mixture
at a conversion rate of 20%, and reprecipitating the mixture
with methanol. The styrene-maleic anhydride copolymer was
dissolved in methyl ethyl ketone to prepare an application
solution of a resin concentration of 33%. The wavelength
dispersion characteristics of the styrene-maleic anhydride
used herein are larger than those of a norbornene-based resin.
[0110] Next, the application solution was applied to an
optical base material with an applicator and heated at 80° C.
for 10 minutes, whereby a laminate having an application
layer (thickness=40 pm) on the optical base material layer
was obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 7.4%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
residual solvent immediately before stretching, the stretching
temperature, and the film state after stretching.

[0111] Next, when the laminate was uniaxially stretched at
a stretching temperature of 110° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) 0f 0.93 and Re(750)/Re(590)
of 1.06, and exhibited so-called reverse dispersion character-
istics in which a retardation increases with an increase in a
wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 3.0%.

Example 2

[0112] In the same way as in Example 1, the application
solution was applied to the optical base material, and heated
at 80° C. for 10 minutes, further at 120° C. for 20 minutes,
whereby a laminate having an application layer (thick-
ness=40 um) on the optical base material (thickness=70 pm)
was obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 3.1%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
residual solventimmediately before stretching, the stretching
temperature, and the film state after stretching.

[0113] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) 0f 0.98 and Re(750)/Re(590)
of 1.03, and exhibited so-called reverse dispersion character-
istics in which a retardation increases with an increase in a
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wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 1.5%.

Comparative Example 1

[0114] In the same way as in Example 1, the application
solution was applied to the optical base material, and heated
at 80° C. for 10 minutes, further at 120° C. for 20 minutes, and
still further at 150° C. for 10 minutes, whereby a laminate
having an application layer (thickness=40 pm) on an optical
base material (thickness=70 pm) was obtained. The amount
of a residual solvent immediately before stretching of the
laminate was calculated to be 1.0%. Table 1 shows Tg and
thickness of a resin used for the optical base material layer
and the application layer, the amount of a residual solvent
immediately before stretching, the stretching temperature,
and the film state after stretching.

[0115] Next, when the laminate was uniaxially stretched at
a stretching temperature of 140° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The retardation of the obtained retardation
plate was measured. As shown in Table 2, the retardation plate
had Re(480)/Re(590) of 1.03 and Re(750)/Re(590) of 0.96,
and did not exhibit so-called reverse dispersion characteris-
tics in which a retardation increases with an increase in a
wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.8%.

Example 3

[0116] As an optical base material, a film (amount of a
residual solvent=0.3%, thickness=70 pum) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared.

[0117] As aresin having negative alignment birefringence,
a styrene-maleic anhydride copolymer (Product No. 426954,
Tg=132° C., manufactured by SIGMA-ALDRICH Japan
K .K.) was prepared. The styrene-maleic anhydride copoly-
mer was dissolved in methy] ethyl ketone to prepare an appli-
cation solution of a resin concentration of 33%. The wave-
length dispersion characteristics of the styrene-maleic
anhydride used herein are larger than those of a norbornene-
based resin.

[0118] Next, the application solution was applied to an
optical base material with an applicator and heated at 80° C.
for 10 minutes, further at 120° C. for 20 minutes, whereby a
laminate having an application layer (thickness=40 um) on
the optical base material layer was obtained. The amount ofa
residual solvent immediately before stretching of the lami-
nate was calculated to be 2.1%. Table 1 shows Tg and thick-
ness of a resin used for the optical base material layer and the
application layer, the amount of a residual solvent immedi-
ately before stretching, the stretching temperature, and the
film state after stretching.

[0119] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) of 0.95 and Re(750)/Re(590)
of 1.03, and exhibited so-called reverse dispersion character-
istics in which a retardation increases with an increase in a
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wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.5%.

Example 4

[0120] Thesame optical base material and application solu-
tion as those in Example 3 were prepared.

[0121] Next, the application solution was applied to the
optical base material with an applicator, and heated at 80° C.
for 10 minutes, whereby a laminate having an application
layer (thickness=40 pm) on an optical base material layer was
obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 6.7%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
residual solvent immediately before stretching, the stretching
temperature, and the film state after stretching.

[0122] Next, when the laminate was uniaxially stretched at
astretching temperature of 95° C. and a stretching ratio 0f2.0,
aretardation plate having a satisfactory outer appearance was
obtained. The in-plane retardation of the obtained retardation
plate was measured. As shown in Table 2, the retardation plate
had Re(480)/Re(590) of 0.94 and Re(750)/Re(590) of 1.06,
and exhibited so-called reverse dispersion characteristics in
which a retardation increases with an increase in a wave-
length. The amount of a residual solvent of the retardation
plate immediately after stretching was 2.7%.

Example 5

[0123] As an optical base material, a film (amount of a
residual solvent 0.5%, thickness=130 um) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared.

[0124] As a resin having negative alignment birefringence,
a styrene-maleic anhydride copolymer (Product No. 426954,
Tg=132° C., manufactured by SIGMA-ALDRICH Japan
K .K.) was prepared. The styrene-maleic anhydride copoly-
mer was dissolved in methyl ethyl ketone to prepare an appli-
cation solution of a resin concentration of 33%. The wave-
length dispersion characteristics of the styrene-maleic
anhydride used herein are larger than those of a norbornene-
based resin.

[0125] Next, the application solution was applied to an
optical base material with an applicator and heated at 80° C.
for 10 minutes, further at 120° C. for 20 minutes, whereby a
laminate having an application layer (thickness=60 um) on
the optical base material layer was obtained. The amount ofa
residual solvent immediately before stretching of the lami-
nate was calculated to be 3.3%. Table 1 shows Tg and thick-
ness of a resin used for the optical base material layer and the
application layer, the amount of a residual solvent immedi-
ately before stretching, the stretching temperature, and the
film state after stretching.

[0126] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) 0f 0.96 and Re(750)/Re(590)
of 1.04, and exhibited so-called reverse dispersion character-
istics in which a retardation increases with an increase in a
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wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.7%.

Example 6

[0127] Thesame optical base material and application solu-
tion as those in Example 5 were prepared.

[0128] Next, the application solution was applied to the
optical base material with an applicator, and heated at 80° C.
for 20 minutes, whereby a laminate having an application
layer (thickness=60 um) on an optical base material layer was
obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 7.6%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
residual solvent immediately before stretching, the stretching
temperature, and the film state after stretching.

[0129] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) of 0.96 and Re(750)/Re(590)
of 1.03, and exhibited so-called reverse dispersion character-
istics in which a retardation increases with an increase in a
wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 2.3%.

Example 7

[0130] Thesame optical base material and application solu-
tion as those in Example 5 were prepared.

[0131] Next, the application solution was applied to the
optical base material with an applicator, and heated at 80° C.
for 10 minutes, whereby a laminate having an application
layer (thickness=60 um) on an optical base material layer was
obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 10.0%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
residual solvent immediately before stretching, the stretching
temperature, and the film state after stretching.

[0132] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained, but some bubbles were formed. The in-plane
retardation of the obtained retardation plate was measured. As
shown in Table 2, the retardation plate had Re(480)/Re(590)
0f 0.97 and Re(750)/Re(590) of 1.02, and exhibited so-called
reverse dispersion characteristics in which a retardation
increases with an increase in a wavelength. The amount of a
residual solvent of the retardation plate immediately after
stretching was 2.2%.

Comparative Example 2

[0133] Thesame optical base material and application solu-
tion as those in Example 5 were prepared.

[0134] Next, the application solution was applied to the
optical base material with an applicator, and left standing at
room temperature, whereby a laminate having an application
layer (thickness=60 um) on an optical base material layer was
obtained. The amount of a residual solvent immediately
before stretching of the laminate was calculated to be 16.0%.
Table 1 shows Tg and thickness of a resin used for the optical
base material layer and the application layer, the amount of a
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residual solventimmediately before stretching, the stretching
temperature, and the film state after stretching.

[0135] Next, when the laminate was uniaxially stretched at
a stretching temperature of 120° C. and a stretching ratio of
2.0, wrinkles were formed in the laminate due to heat, which
made it impossible to stretch the laminate.

Comparative Example 3

[0136] As an optical base material, a film (a mount of a
residual solvent=0.3%, thickness=70 pm) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared. An application layer was not provided
on the optical base material.

[0137] Next, when the film was uniaxially stretched at a
stretching temperature of 120° C. and a stretching ratio of 2.0,
aretardation plate having a satisfactory outer appearance was
obtained. The in-plane retardation of the obtained retardation
plate was measured. As shown in Table 2, the retardation plate
had Re(480)/Re(590) of 1.00 and Re(750)/Re(590) of 0.99,
and did not exhibit so-called reverse dispersion characteris-
tics in which a retardation increases with an increase in a
wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.3%.

Comparative Example 4

[0138] As an optical base material, a film (amount of a
residual solvent=0.3%, thickness=60 um) formed of a sty-
rene-maleic anhydride copolymer having negative alignment
birefringence (Product No. 426954, Tg=132° C., manufac-
tured by SIGMA-ALDRICH Japan K.K.) was prepared. An
application layer was not provided on the optical base mate-
rial.

[0139] Next, when the film was uniaxially stretched at a
stretching temperature of 135° C. and a stretching ratio 0f 2.0,
aretardation plate having a satisfactory outer appearance was
obtained. The in-plane retardation of the obtained retardation
plate was measured. As shown in Table 2, the retardation plate
had Re(480)/Re(590) of 1.03 and Re(750)/Re(590) of 0.96,
and did not exhibit so-called reverse dispersion characteris-
tics in which a retardation increases with an increase in a
wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.3%.

Comparative Example 5

[0140] As an optical base material, a film (amount of a
residual solvent=0.5%, thickness=130 pm) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared. An application layer was not provided
on the optical base material.

[0141] Next, when the film was uniaxially stretched at a
stretching temperature of 140° C. and a stretching ratio of 2.0,
aretardation plate having a satisfactory outer appearance was
obtained. The in-plane retardation of the obtained retardation
plate was measured. As shown in Table 2, the retardation plate
had Re(480)/Re(590) of 1.00 and Re(750)/Re(590) of 0.99,
and did not exhibit so-called reverse dispersion characteris-
tics in which a retardation increases with an increase in a
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wavelength. The amount of a residual solvent of the retarda-
tion plate immediately after stretching was 0.5%.

Comparative Example 6

[0142] As an optical base material, a film (amount of a
residual solvent=0.3%, thickness=70 pm) formed of a nor-
bornene-based resin having positive alignment birefringence
(ARTON FLZU, Tg=128° C., manufactured by JSR Corpo-
ration) was prepared.

[0143] As aresin having negative alignment birefringence,
a polystyrene resin (G899, Tg=102° C., manufactured by
JAPAN POLYSTYRENE INC.) was prepared. The polysty-
rene resin was dissolved in methyl ethyl ketone to prepare an
application solution of a resin concentration of 33%. The
wavelength dispersion characteristics of the polystyrene resin
used herein are larger than those of a norbornene-based resin.
[0144] Next, the application solution was applied to an
optical base material with an applicator and heated at 80° C.
for 10 minutes, further at 120° C. for 20 minutes, whereby a
laminate having an application layer (thickness=40 um) on
the optical base material layer was obtained. The amount of a
residual solvent immediately before stretching of the lami-
nate was calculated to be 0.5%. Table 1 shows Tg and thick-
ness of a resin used for the optical base material layer and the
application layer, the amount of a residual solvent immedi-
ately before stretching, the stretching temperature, and the
film state after stretching.

[0145] Next, when the laminate was uniaxially stretched at
a stretching temperature of 110° C. and a stretching ratio of
2.0, a retardation plate having a satisfactory outer appearance
was obtained. The in-plane retardation of the obtained retar-
dation plate was measured. As shown in Table 2, the retarda-
tion plate had Re(480)/Re(590) of 1.00 and Re(750)/Re(590)
of 0.99, and exhibited flat dispersion characteristics without
exhibiting so-called reverse dispersion characteristics in
which a retardation increases with an increase in a wave-
length. The amount of a residual solvent of the retardation
plate immediately after stretching was 0.5%.
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TABLE 2
Reverse
dispersion
R{480)/R(590) R(750)/R(590)  characteristics
Example 1 0.93 1.06 o
Example 2 0.98 1.03 o
Comparative 1.03 0.96 X
Example 1
Example 3 0.95 1.05 o
Example 4 0.94 1.06 o
Example 5 0.96 1.04 o
Example 6 0.96 1.03 o
Example 7 0.97 1.02 o
Comparative Not measured due to the impossibility of stretching
Example 2
Comparative 1.00 0.99 X
Example 3
Comparative 1.03 0.96 X
Example 4
Comparative 1.00 0.99 X
Example 5
Comparative 1.00 0.99 X
Example 6
INDUSTRIAL APPLICABILITY
[0146] Theretardation plate of the present invention can be

used preferably for various liquid crystal display apparatuses
such as a personal computer and a liquid crystal television.
1. A method of producing a retardation plate, comprising
the steps of:
applying a solution containing a resin B and a solvent to an
optical base material containing a resin A to obtain a
laminate including an optical base material layer and an
application layer; and
stretching the laminate, wherein:
one of the resin A and the resin B has positive alignment
birefringence, and another one of the resin A and the
resin B has negative alignment birefringence; and

TABLE 1
Optical base Application Amount of residual
material laver solvent immediately ~ Stretching Film sta®
Tg Thickness Tg Thickness  before stretching temperature after
¢C)y  (m  (°C)  (um) () “C) stretchin®

Example 1 128 70 148 40 74 110 o
Example 2 128 70 148 40 31 120 o
Comparative 128 70 148 40 1.0 140 o
Example 1

Example 3 128 70 132 40 2.1 120 o
Example 4 128 70 132 40 6.7 95 o
Example 5 128 130 132 60 33 120 o
Example 6 128 130 132 60 7.6 120 o
Example 7 128 130 132 60 10.0 120 A
Comparative 128 130 132 60 16.0 Not stretchable X
Example 2

Comparative 128 70 — — 0.3 120 o
Example 3

Comparative 132 60 — — 0.3 135 o
Example 4

Comparative 128 130 — — 0.5 140 a
Example 5

Comparative 128 70 102 40 0.5 110 s}
Example 6

L o1 gatisfactory outer appearance A: a few bubbles x: unsatisfactory outer appearance (formation of

wrinkles, etc.)

@ indicates text missing or illegible when filed
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the stretching is performed by setting an amount of a

residual solvent in the laminate to be 2to 10% by weight.

2. A production method according to claim 1, wherein a
glass transition temperature Tg(B) of the resin B is higher
than a glass transition temperature Tg(A) of the resin A.

3. A production method according to claim 1, wherein a
stretching temperature of the laminate is lower than the glass
transition temperature Tg(A) of the resin A.

4. A production method according to claim 1, wherein the
resin having positive alignment birefringence is a nor-
bornene-based resin.

5. A production method according to claim 1, wherein the
resin having negative alignment birefringence is a styrene-
maleic anhydride copolymer.

6. A retardation plate obtained by the production method
according to claim 1.

7. A polarizing plate with a retardation plate, comprising
the retardation plate according to claim 6 and a polarizing
plate.

8. A liquid crystal panel, comprising the retardation plate
according to claim 6.

9. A liquid crystal display apparatus, comprising the liquid
crystal panel according to claim 8.

10. A production method according to claim 2, wherein a
stretching temperature of the laminate is lower than the glass
transition temperature Tg(A) of the resin A.

Nov. 26, 2009

11. A production method according to claim 2, wherein the
resin having positive alignment birefringence is a not-
bornene-based resin.

12. A production method according to claim 3, wherein the
resin having positive alignment birefringence is a nor-
bornene-based resin.

13. A production method according to claim 2, wherein the
resin having negative alignment birefringence is a styrene-
maleic anhydride copolymer.

14. A production method according to claim 3, wherein the
resin having negative alignment birefringence is a styrene-
maleic anhydride copolymer.

15. A production method according to claim 4, wherein the
resin having negative alignment birefringence is a styrene-
maleic anhydride copolymer.

16. A retardation plate obtained by the production method
according to claim 2.

17. A retardation plate obtained by the production method
according to claim 3.

18. A retardation plate obtained by the production method
according to claim 4.

19. A retardation plate obtained by the production method
according to claim 5.
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