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A step of forming a layered body including a resin layer (a)
containing a resin A having positive intrinsic birefringence
and a resin layer (b) containing a resin B having negative
intrinsic birefringence, the resin layer (b) being provided on
one side of the resin layer (a); a first stretching step of stretch-
ing the layered body in one direction at a temperature T1; and
a second stretching step of, after the first stretching step,
stretching the layered body in another direction that is
approximately orthogonal to the previous stretching direction
at atemperature T2 which is lower than the temperature T1 to
obtain a phase difference plate are performed. By these steps,
a phase difference plate wherein a slow axis of the resin layer
(a) after the stretching treatment and a slow axis of the resin
layer (b) after the stretching treatment are approximately
parallel to each other, and in-plane retardation Rea and NZ
coefficient NZa in the resin layer (a) after the stretching
treatment, and in-plane retardation Reb and NZ coefficient
NZb inthe resin layer (b) after the stretching treatment satisfy
specific relationship is obtained.
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PHASE DIFFERENCE PLATE
MANUFACTURING METHOD, PHASE
DIFFERENCE PLATE, AND LIQUID
CRYSTAL DISPLAY DEVICE

FIELD

[0001] The present invention relates to a method for manu-
facturing a phase difference plate, a phase difference plate,
and a liquid crystal display device.

BACKGROUND

[0002] A liquid crystal display device usually comprises a
liquid crystal cell and a pair of polarizing plates (a light
incident side polarizing plate and a light emitting side polar-
izing plate) which are disposed in a manner of sandwiching
the liquid crystal cell. In the case of usual liquid crystal
display device modes such as a VA mode and an IPS mode, a
pair of polarizing plates are usually disposed in a cross-Nicol
arrangement, 1.e., disposed so that the absorption axes of the
polarizing plates are approximately orthogonal to each other,
and designed to give a black imaging (to block transmission
of light) in the absence of an electric field.

[0003] However, when such a liquid crystal display device
1s observed from an oblique direction, the absorption axes of
the pair of polarizing plates apparently intersect each other at
an larger angle (obtuse angle) than a right angle. As a result,
light leakage occurs. That is, when the liquid crystal display
device is observed from the oblique direction, the black image
is more imperfect than the black image when viewed from the
front direction. Accordingly, when the liquid crystal display
device is observed from the oblique direction, there has been
a problem of lower contrast than when the liquid crystal
display device is observed from the front direction.

[0004] Thus, in order to reduce such light leakage, a liquid
crystal display device usually comprises, between a pair of
polarizers, a phase difference plate for compensating for light
leakage caused by these polarizing plates (appropriately
referred to hereinbelow as polarizing plate compensation). As
a means of realizing the polarizing plate compensation func-
tion, it has been proposed in prior art to interpose a phase
difference plate between the pair of polarizer, wherein the
phase difference plate has a refractive index Nx in the in-
plane slow axis direction, a refractive index Ny in an in-plane
direction orthogonal thereto, and a refractive index Nz in the
thickness direction which satisfy the relationship of
Nx>Nz>Ny. For example, Patent Literature 1 describes
stretching of a resin film wherein a shrink film is adhered to
one side or both sides of the resin film to form a layered body,
and the layered body is then stretched under heating to impart
shrinking force in the direction orthogonal to the stretching
direction of the resin film. In Patent Literature 1, such a
method provides a phase difference plate which satisfies the
relationship of 0<(Nx-Nz)/(Nx-Ny)<1.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: Japanese Patent Application
Laid-Open No. Hei. 5-157911 A
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SUMMARY

Technical Problem

[0006] However, in the technique of Patent Literature 1,
there has been a problem ofa complicated method for manu-
facturing the phase difference plate since such a specific film
is prepared for the special treatment. In addition, in the tech-
nique of Patent Literature 1, there has been a problem of
difficulty in manufacturing the phase difference plate having
a broad width since the phase difference plate is obtained by
shrinking of the layered body.

[0007] The present invention has been made in light of the
aforementioned problems, and the object thereof is to provide
a phase difference plate which has a broad width and can be
manufactured by a simple process, a method for manufactur-
ing the phase difference plate, and a liquid crystal display
device comprising the phase difference plate.

Solution to Problem

[0008] According to the present invention, the following
aspects (1) to (9) of the invention are disclosed.

(1) A method for manufacturing a phase difference plate,
comprising:

[0009] a step of forming a layered body including a resin
layer (a) containing a resin A having positive intrinsic bire-
fringence and a resin layer (b) containing a resin B having
negative intrinsic birefringence, the resin layer (b) being pro-
vided on one side of the resin layer (a);

[0010] a first stretching step of stretching the layered body
in one direction at a temperature T1; and

[0011] a second stretching step of, after the first stretching
step, stretching the layered body in another direction that is
approximately orthogonal to the previous stretching direction
at atemperature T2 which is lower than the temperature T1 to
obtain a phase difference plate,

[0012] wherein, in the phase difference plate, a slow axis of
the resin layer (a) after the stretching treatment and a slow
axis of the resin layer (b) after the stretching treatment are
approximately parallel to each other, and

[0013] wherein in-plane retardation Rea and NZ coefficient
NZa in the resin layer (a) after the stretching treatment, and
in-plane retardation Reb and NZ coefficient NZb in the resin
layer (b)after the stretching treatment satisfy Formulae 1 to 4:

30 nm<Req<60 nm Formula 1
2.0<NZa<5.0 Formula 2
60 nm<Reb<90 nm Formula 3
-2.0<NZb<-0.5 Formula 4.

[0014] (2) A method for manufacturing a phase difference
plate, comprising:

[0015] a step of forming a layered body including a resin
layer (a) containing a resin A having positive intrinsic bire-
fringence, a resin layer (b) containing a resin B having nega-
tive intrinsic birefringence, the resin layer (b) being provided
on one side of the resin layer (a), and a resin layer (c) con-
taining a resin C having positive intrinsic birefringence, the
resin layer (c) being provided on a side of the resin layer (b)
that is the opposite to the resin layer (a);

[0016] a first stretching step of stretching the layered body
in one direction at a temperature T1; and
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[0017] asecond stretching step of, after the first stretching
step, stretching the layered body in another direction that is
approximately orthogonal to the previous stretching direction
at atemperature T2 which is lower than the temperature T1 to
obtain a phase difference plate,

[0018] wherein a slow axis of the resin layer (a) after the
stretching treatment is approximately parallel to each of a
slow axis of the resin layer (b) after the stretching treatment
and a slow axis of the resin layer (c) after the stretching
treatment in the phase difference plate, and

[0019] wherein in-plane retardation Rea and NZ coefficient
NZa in the resin layer (a) after the stretching treatment, in-
plane retardation Reb and NZ coefficient NZb in the resin
layer (b) after the stretching treatment, and in-plane retarda-
tion Rec and N7 coefficient NZc in the resin layer (c) after the
stretching treatment satisfy Formulae 5 to 10:

30 nm<Req <60 nm Formula 5
2.0<NZa<5.0 Formula 6
70 nm<Reb <110 nm Formula 7
-2.0<NZb<-0.5 Formula 8
10 nm<Rec<30 nm Formula 9
2.0<NZe<5.0 Formula 10.
[0020] (3) The aforementioned method for manufacturing a

phase difference plate, wherein a glass transition temperature
Tg, of the resin A and a glass transition temperature Tgy of
the resin B satisfy a relationship of Tg ,>Tg+5° C.

[0021] (4) The aforementioned method for manufacturing a
phase difference plate, wherein a stretching ratio in the first
stretching step is 2 to 4 times, and a stretching ratio in the
second stretching step is 1.1 to 2 times.

[0022] (5) The aforementioned method for manufacturing a
phase difference plate, wherein the layered body is a lengthy
film.

[0023] (6) The aforementioned method for manufacturing a
phase difference plate, wherein the layered body is stretched
in a crosswise direction in the first stretching step and
stretched in a lengthwise direction in the second stretching
step.

[0024] (7) A phase difference plate obtained by the afore-
mentioned manufacturing method.

[0025] (8) A liquid crystal display device comprising a pair
of polarizing plates disposed so that absorption axes are
approximately orthogonal to each other, and a liquid crystal
cell interposed between the pair of polarizing plates,

[0026] wherein the liquid crystal display device comprises
the aforementioned phase difference plate interposed
between the liquid crystal cell and one of the pair of the
polarizing plates.

[0027] (9) The aforementioned liquid crystal display
device, wherein the liquid crystal cell is of an in-plane switch-
ing display mode.

Advantageous Effects of Invention

[0028] Themanufacturing method and the phase difference
plate of the present invention have the effect of simply manu-
facturing a phase difference plate which has a relatively broad
width and can compensate for light leakage caused by a pair
of polarizing plates. Further, since the liquid crystal display
device of the present invention comprises the phase differ-
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ence plate of the present invention which can be manufac-
tured by simple process, lower cost can be realized.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1isa graph illustrating an example of tempera-
ture dependence of phase difference A when a resin layer (a)
and a resin layer (b) of a layered body for manufacturing a
phase difference plate are each stretched, and an example of
temperature dependence of phase difference A when a layered
body for manufacturing a phase difference plate (in this case,
the resin layer (a)+the resin layer (b)) is stretched, assuming
that a resin A constituting the resin layer (a) has a higher glass
transition temperature Tg, and aresin B constituting the resin
layer (b) has a lower glass transition temperature Tg.
[0030] FIG. 2 is a contrast contour map measured in
Example 1 of the present invention.

[0031] FIG. 3 is a contrast contour map measured in
Example 2 of the present invention.

[0032] FIG. 4 is a contrast contour map measured in
Example 3 of the present invention.

[0033] FIG. 5is a contrast contour map measured in Com-
parative Example 1.

[0034] FIG. 6 is a contrast contour map measured in Com-
parative Example 2.

[0035] FIG. 7 is a contrast contour map measured in Com-
parative Example 3.

[0036] FIG. 8 is a contrast contour map measured in Com-
parative Example 4.

[0037] FIG. 9 is a contrast contour map measured in Com-
parative Example 5.

[0038] FIG. 10is acontrast contour map measured in Com-
parative Example 6.

[0039] FIG. 11 is a contrast contour map measured in
Example 4 of the present invention.

[0040] FIG. 12 is a contrast contour map measured in
Example of the present invention.

[0041] FIG. 13 is a contrast contour map measured in
Example 6 of the present invention.

[0042] FIG. 14 is a contrast contour map measured in
Example 7 of the present invention.

[0043] FIG. 15 is acontrast contour map measured in Com-
parative Example 7.

[0044] FIG. 16 is a contrast contour map measured in Com-
parative Example 8.

[0045] FIG. 17 is acontrast contour map measured in Com-
parative Example 9.

[0046] FIG. 18 is acontrast contour map measured in Com-
parative Example 10.

[0047] FIG. 19 is acontrast contour map measured in Com-
parative Example 11.

[0048] FIG.201is acontrast contour map measured in Com-
parative Example 12.

[0049] FIG. 21 is acontrast contour map measured in Com-
parative Example 13.

[0050] FIG. 22 is acontrast contour map measured in Com-
parative Example 14.

DESCRIPTION OF EMBODIMENTS

[0051] Thepresentinvention will be described hereinbelow
in detail by way of illustrations and embodiments, although
the present invention is not limited to the following illustra-
tions and embodiments and may be optionally modified and
practiced without departing from the scope of the claims of
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the presentinvention. The reference character “A” of the resin
A, the reference character “B” of the resin B, the reference
character “C” of the resin C, the reference character “(a)” of
aresin layer (a), the reference character “(b)” of a resin layer
(b), and the reference character “(c)” of aresin layer (c) as will
be described later are intended to distinguish the elements
labeled with the reference characters from other elements,
and do not have any other meanings than to distinguish the
elements.

[0052] [1. Method for Manufacturing Phase Difference
Plate of the Present Invention]

[0053] The phase difference plate of the present invention
is manufactured by a manufacturing method comprising: a
step of forming a layered body including a resin layer (a)
containing a resin A which has positive intrinsic birefringence
and a resin layer (b) containing a resin B which is provided on
one side of the resin layer (a) and has negative intrinsic
birefringence, or a layered body including, in addition to the
resin layer (a) and the resin layer (b), a resin layer (c) con-
taining a resin C which is provided on a side of the resin layer
(b) that is the opposite to the resin layer (a) and has positive
intrinsic birefringence (the layered bodies may be appropri-
ately referred to hereinbelow as a “layered body for manu-
facturing a phase difference plate”) (a layered body forming
step); a first stretching step of stretching the layered body in
one direction at a temperature T1; and a second stretching
step of, after the first stretching step, stretching the layered
body in another direction that is approximately orthogonal to
the previous stretching direction at a temperature T2 which is
lower than the temperature T1 to obtain a phase difference
plate.

[0054] As used herein, the positive intrinsic birefringence
means that the refractive index in the stretched direction is
larger than the refractive index in the direction orthogonal
thereto, whereas the negative intrinsic birefringence means
that the refractive index in the stretched direction is smaller
than the refractive index in the direction orthogonal thereto.
The value of the intrinsic birefringence may also be calcu-
lated from the permittivity distribution.

[0055] [1-1. Layered Body Forming Step]

[0056] The layered body for manufacturing a phase differ-
ence plate is not particularly limited as long as the layered
body has the resin layer (a) and the resin layer (b), or the resin
layer (a), the resin layer (b), and the resin layer (c) layered in
this order. Particularly, the layered body is preferably manu-
factured by a co-extrusion method or a co-casting method of
the resin A and the resin B, or the resin A, the resin B, and the
resin C. Among them, the co-extrusion method is preferable
from the viewpoints which will be described later.

[0057] (i Resin A)

[0058] The resin A is preferably a thermoplastic resin hav-
ing positive intrinsic birefringence.

[0059] Examples of a polymer included in the resin A may
include olefin polymers such as polyethylene and polypropy-
lene; polyesters such as polyethylene terephthalate and poly-
butylene terephthalate; polyarylene sulfides such as a
polyphenylene sulfide; a polyvinyl alcohol, a polycarbonate,
a polyallylate, a cellulose ester polymer, a polyether sul-
phone, a polysulfone, a polyallylsulfone, a polyvinyl chlo-
ride, a norbornene polymer, and a rod-shaped liquid crystal
polymer. As the polymer, one species thereof may be used
alone, or two or more species thereof may be used in combi-
nation at any ratio. Further, the polymer may be a homopoly-
mer or a copolymer. Among them, the polycarbonate is pref-
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erable in view of the phase difference expression, the
stretching property at low temperatures, and the adhesion of
the resin layer (a) to layers other than the resin layer (a).
[0060] The resin A may contain an additive. Examples of
the additives may include an antifriction agent; a lamellar
crystal compound; inorganic fine particles; stabilizers such as
an antioxidant, a thermostabilizer, a light stabilizer, a weath-
ering stabilizer, an ultraviolet absorber, and a near infrared
absorber; a plasticizer; coloring agents such as a dye and a
pigment; and an antistatic agent. Among them, the antifric-
tion agent and the ultraviolet absorber are preferable because
of their ability to improve flexibility and weather resistance.
The amount of the additive may appropriately be determined
in the range in which the agent does not significantly impair
the effects of the invention. For example, the amount thereof
may fall within the range which allows the layered body for
manufacturing a phase difference plate to keep a total light
transmittance of 80% or more with a thickness of 1 mm.
[0061] Examples of the antifriction agent may include inor-
ganic particles such as silicon dioxide, titanium dioxide, mag-
nesium oxide, calcium carbonate, magnesium carbonate,
barium sulfate, and strontium sulfate; and organic particles
such as polymethyl acrylate, polymethy! methacrylate, poly-
acrylonitrile, polystyrene, cellulose acetate, and cellulose
acetate propionate. Among them, the organic particles are
preferable as the antifriction agent.

[0062] Examples of the ultraviolet absorber may include
oxybenzophenone-based compounds, benzotriazol-based
compounds, salicylate-based compounds, benzophenone-
based ultraviolet absorbers, benzotriazol-based ultraviolet
absorbers, acrylonitrile-based ultraviolet absorbers, triazine-
based compounds, nickel complex salt-based compounds,
and inorganic powders. Specific examples of the suitable
ultraviolet absorber may include 2,2'-methylenebis(4-(1,1,3,
3-tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol), 2-(2'-
hydroxy-3*-tert-butyl-5'-methylphenyl )-5-chlorobenzotriaz-
ole, 2,4-di-tert-butyl-6-(5-chlorobenzotriazole-2-yl)phenol,
2,2"-dihydroxy-4,4'-dimethoxybenzophenone, and 2,2'.4,4'-
tetrahydroxybenzophenone. Particularly suitable examples
may include 2,2'-methylenebis(4-(1,1,3,3-tetramethylbutyl)-
6-(2H-benzotriazol-2-yl)phenol).

[0063] As the additives, one species thereof may be used
alone, or two or more species thereof may be used in combi-
nation at any ratio.

[0064] The weight average molecular weight of the resin A
is preferably adjusted within the range which allows the resin
A to be processed by methods such as a melt extrusion
method and a solution casting method.

[0065] Theglass transition temperature Tg, of the resin A is
usually 80° C. or higher, preferably 90° C. or higher, more
preferably 100° C. or higher, still more preferably 110° C. or
higher, and particularly preferably 120° C. or higher. With
such ahigh glass transition temperature Tg ,, the orientational
relaxation of the resin A can bereduced. The upperlimit of the
glass transition temperature Tg, is not particularly limited,
and is usually 200° C. or lower.

[0066] The fracture elongation of the resin A at the glass
transition temperature Tg, of the resin B which will be
described later is preferably 50% or more, and more prefer-
ably 80% or more. When the fracture elongation is within this
range, the phase difference plate of the present invention can
be stably produced by stretching. The fracture elongation is
determined using the test piece of type 1B in accordance with
JIS K7127 at a tensile speed of 100 mm/min. The upper limit
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of the fracture elongation of the resin A is not particularly
limited, and is usually 200% or less.

[0067] (ii. Resin B)

[0068] The resin B is preferably a thermoplastic resin hav-
ing negative intrinsic birefringence.

[0069] Examples of a polymer included in the resin B may
include a polystyrene-based polymer including a homopoly-
mer of styrene or a styrene derivative or a copolymer thereof
with another monomer; a polyacrylonitrile, a polymethyl
methacrylate, and a multi-component copolymer thereof.
Preferable example of other monomers included in the poly-
styrene-based polymer may include acrylonitrile, maleic
anhydride, methyl methacrylate, and butadiene. As the poly-
mer, one species thereof may be used alone, or two or more
species thereof may be used in combination at any ratio.
Among them, the polystyrene-based polymer is preferable in
view of high phase difference expression, and moreover the
copolymer of styrene or a styrene derivative with maleic
anhydride is particularly preferable in terms of high thermal
resistance.

[0070] The resin B may include an additive. Examples of
the additives may include the same additives that the resin A
may contain. The amount of the additive may be appropri-
ately determined in the range in which the additive does not
significantly impair the effects of the invention. For example,
the amount thereof may fall within the range which allows the
layered body for manufacturing a phase difference plate to
keep a total light transmittance of 80% or more with a thick-
ness of 1 mm. As the additive, one species thereof may be
used alone, or two or more species thereof may be used in
combination at any ratio.

[0071] The weight average molecular weight of the resin A
1s preferably adjusted within the range which allows the resin
B to be processed by methods such as a melt extrusion method
and a solution casting method.

[0072] Theglass transition temperature Tg, of the resin Bis
usually 80° C. or higher, preferably 90° C. or higher, more
preferably 100° C. or higher, still more preferably 110° C. or
higher, and particularly preferably 120° C. or higher. With
such ahigh glass transition temperature Tg;, the orientational
relaxation of the resin B can be reduced. The upper limit of the
glass transition temperature Tg, is not particularly limited,
and is usually 200 C.° or lower.

[0073] The fracture elongation of the resin B at the glass
transition temperature Tg,, of the resin A is preferably 50% or
more, and more preferably 80% or more. The upper limit of
the fracture elongation of the resin B is not particularly lim-
ited, and is usually 200% or less. When the resin has a fracture
elongation within this range, the phase difference plate of the
present invention can be stably produced by stretching.
[0074] The absolute value of the difference between the
glass transition temperature Tg, of the resin A and the glass
transition temperature Tg of the resin B is preferably more
than 5° C. and more preferably 8° C. or more, and preferably
40° C. or less and more preferably 20° C. or less. When the
absolute value of the difference between the aforementioned
glass transition temperatures is too small, the temperature
dependence of phase difference expression tends to be
smaller. On the other hand, when the absolute value of the
difference between the aforementioned glass transition tem-
peratures is too large, stretching of the resin having higher
glass transition temperature may become difficult, so that the
flatness of the phase difference plate possibly tends to be
reduced. The aforementioned glass transition temperature
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Tg,, is preferably higher than the glass transition temperature
Tgg. Therefore, itis usually preferable that the resin A and the
resin B satisfy the relationship of Tg >Tgz+5° C.

[0075] (iii. Resin C)

[0076] The resin C may be the same as the resin A. That is,
as the resin C, any resin may be used among the resins which
satisfy the requirements described in the section of the resin
A. In particular, the resin C is preferably the same resin as the
resin A. Having the same resin as the resin A and the resin C,
deflection and warpage of the layered body for manufacturing
a phase difference plate and the phase difference plate can be
advantageously suppressed.

[0077] In the present invention, the co-extrusion method
may be suitably used. Examples of the co-extrusion method
may include a co-extrusion T-die method, a co-extrusion
inflation method, and a co-extrusion lamination method. The
co-extrusion is an excellent forming method in terms of pro-
duction efficiency and in view of preventing volatile compo-
nents such as a solvent from remaining in a formed film.
Among them, the co-extrusion T-die method is preferable.
The co-extrusion T-die method may be of a feed block type
and of a multi-manifold type, and the multi-manifold type is
particularly preferable in terms of less fluctuated thickness of
the resin layer (a).

[0078] When the co-extrusion T-die method is employed,
the melting temperature of the resin in the extruder having
T-die may be set to a temperature higher than the glass tran-
sition temperature (Tg) of each resin preferably by 80° C. or
more and more preferably by 100° C. or more, and preferably
by 180° C. or less and more preferably by 150° C. or less.
Excessively low melting temperature of the resin in the
extruder may cause insufficiency in fluidity of the resin,
whereas excessively high melting temperature may result in
deterioration of the resin.

[0079] Usually, the sheet-shaped melted resin which has
been extruded from the opening portion of the die is brought
into close contact with a cooling drum. The method for bring-
ing the melted resin in close contact with the cooling drum is
not particularly limited, and examples thereof may include an
air knife method, a vacuum box method, and an electrostatic
adhesion method.

[0080] The number of the cooling drums is not particularly
limited, and is usually two or more. Examples of the form of
cooling drum arrangement may include a straight line form, a
7 form, and an LL form, although the form is not particularly
limited. Furthermore, the manner of passing the melted resin
which has been extruded from the opening portion of the die
to the cooling drum is not particularly limited.

[0081] The degree how close the contact of the extruded
sheet-shaped resin with the cooling drum is may change
depending on the temperature of the cooling drum. Higher
temperature of the cooling drum results in closer contact,
although excessively higher temperature may cause a prob-
lem such that the sheet-shaped resin sticks to the cooling
drum and is wound around the drum. Accordingly, the tem-
perature of the cooling drum is preferably (Tg+30)° C. or
lower, and more preferably in the range of (Tg=5)° C. to
(Tg-45)° C., in which Tg represents the glass transition tem-
perature of the resin in the layer being in contact with the
drum among the resins extruded from the die. Problems such
as slipping and flaw can thereby be prevented.

[0082] Itis preferable to reduce the residual solvent content
in the layered body for manufacturing a phase difference
plate. Examples of the means therefor may include (1) reduc-
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ing the residual solvent in the resin used as a material; and (2)
predrying the resin before forming the layered body for
manufacturing a phase difference plate. The predrying may
be performed by configuring the resin in a form of| e.g., a
pellet and drying the same with, e.g., a hot air dryer. The
drying temperature is preferably 100° C. or higher, and the
drying time is preferably 2 hours or longer. By the predrying,
the residual solvent in the layered body for manufacturing a
phase difference plate can be reduced, and foaming in the
extruded sheet-shaped resin can be prevented.

[0083] (iv. Layered Body for Manufacturing Phase Differ-
ence Plate)
[0084] When the layered body for manufacturing a phase

difference plate is stretched at different temperatures T1 and
T2 in the different directions which are approximately
orthogonal to each other, phase difference is generated
depending on the respective temperatures T1 and T2 and the
stretching direction in each of the resin layer (a), the resin
layer (b), and the resin layer (c). Accordingly, phase differ-
ence generated in the resin layer (a), phase difference gener-
ated in the resin layer (b), and phase difference generated in
the resin layer (c) are combined, whereby the entire layered
body of the phase difference plate of the present invention
including the resin layer (a), the resin layer (b), and the resin
layer (c) satisfies the relationship of Nx>Nz>Ny. In the for-
mula, Nx represents the refractive index in the in-plane slow
axis direction, Ny represents the refractive index in the in-
plane direction orthogonal to the slow axis direction, and Nz
represents the refractive index in the thickness direction. The
polarizing plate compensation function is thereby expressed.
[0085] Thedegreeofphase difference whichis generated in
the resin layer (a), the resin layer (b), and the resin layer (c) by
stretching depends on, e.g., the thickness of the layered body,
for manufacturing a phase difference plate, the stretching
temperature, and the stretching ratio. Accordingly, the con-
figuration of the layered body for manufacturing a phase
difference plate may be determined in accordance with opti-
cal functions to be expressed such as polarizing plate com-
pensation function. When the configuration of the layered
body for manufacturing a phase difference plate, as well as
the stretching temperature, the stretching ratio in stretching,
and others are determined such that the phase differences
defined in Formulae 1 to 4 or defined in Formulae 5 to 10 are
expressed in the phase difference plate of the present inven-
tion, the phase difference plate of the present invention usu-
ally expresses the polarizing plate compensation function.
Therefore, the configuration of the layered body for manu-
facturing a phase difference plate may be set in many ways.
[0086] Especially, it is preferable that the layered body for
manufacturing a phase difference plate satisfies the require-
ment that the phase of the linearly polarized light which is
incident perpendicular on a film surface and has an oscillation
plane of the electric vector on the X7 plane (appropriately
referred to hereinbelow as “XZ polarized light”) relative to
the linearly polarized light which is incident perpendicular on
the film surface and has an oscillation plane of the electric
vector on the YZ plane (appropriately referred to hereinbelow
as “YZ polarized light”.) is:

[0087] retarded when the layered body is uniaxially
stretched in the X-axis direction at one of the temperatures T1
and T2 (usually at the temperature T1), and

[0088] advanced when the layered body is uniaxially
stretched in the X-axis direction at the other of the tempera-
tures T1 and T2 (usually at the temperature T2),
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[0089] wherein the X-axis is the stretching direction for a
certain direction (i.e., a uniaxial stretching direction), the
Y-axis is the direction orthogonal to the uniaxial stretching
direction in the film plane, and the Z-axis is the thickness
direction of the film (this requirement is appropriately
referred to hereinbelow as a “requirement P”).

[0090] It is preferable that the requirement P is satisfied
when at least one direction is assigned to the X-axis among a
variety of in-plane directions in the layered body for manu-
facturing a phase difference plate. Usually, the layered body
for manufacturing a phase difference plate is an isotropic
raw-material film. Therefore, as long as the requirement P is
satisfied when one in-plane direction is assigned to the
X-axis, the requirement P can be satisfied even if any other
direction is assigned to the X-axis.

[0091] In the film in which the slow axis appears along the
X-axis as a result of the uniaxial stretching, the phase of the
XZ polarized light is retarded relative to that of the YZ polar-
ized light. On the other hand, in the film in which the fast axis
appears along the X-axis as a result of the uniaxial stretching,
the phase of the X7 polarized light is advanced relative to that
of YZ polarized light.

[0092] The layered body for manufacturing a phase differ-
ence plate according to the present invention is a layered body
utilizing these characteristics, and is usually a film in which
the manner of the expression of the slow axis or the fast axis
depends on the stretching temperature. Such temperature
dependence of phase difference expression may be controlled
by, e.g., adjusting the photoelastic coefficient of the resin A,
the resin B, and the resin C, as well as the relationships such
as the ratio of the thickness of each layer.

[0093] The in-plane phase difference is the value obtained
by multiplying a value of difference between the refractive
index n.in the X-axis direction and the refractive index n; in
the Y-axis direction (=In,~n ) by the thickness d, wherein the
X-axis direction is the stretching direction and the Y-axis
direction is the direction orthogonal to the stretching direc-
tion. The phase difference of the layered body having the
resin layer (a), the resin layer (b), and the resin layer (c) is
generated by the combination of the phase difference of the
resin layer (a), the phase difference of the resin layer (b), and
the phase difference of the resin layer (c). Therefore, in order
to cause sign reversal of the phase difference of the layered
body including the resin layer (a), the resin layer (b), and the
resin layer (c) by stretching at the higher temperature T1 and
the lower temperature T2, it is preferable to adjust the thick-
nesses of the resin layer (a), the resin layer (b), and the resin
layer (c) so that (i) stretching at the lower temperature T2
results in smaller absolute value of the phase difference
expressed by the resin having a higher glass transition tem-
perature than the absolute value of the phase difference
expressed by the resin having a lower glass transition tem-
perature, and (ii) stretching at the higher temperature T1
results in smaller absolute value of the phase difference
expressed by the resin having a lower glass transition tem-
perature than the absolute value of the phase difference
expressed by the resin having a higher glass transition tem-
perature.

[0094] Accordingly, by adjusting the difference between
the refractive index n, in the X-axis direction and the refrac-
tive index n, in the Y-axis direction which are expressed in
each of the resin layer (a), the resin layer (b), and the resin
layer (c) as a result of stretching in one direction (i.e., as a
result of uniaxial stretching), as well as adjusting the total
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thickness of the resin layer (a), the total thickness of the resin
layer (b), and the total thickness of the resin layer (c), it is
possible to obtain the layered body for manufacturing a phase
difference plate satisfying the requirement P (i.e., the require-
ment such that the phase of the XZ polarized light relative to
that of the YZ polarized light is retarded when the layered
body is uniaxially stretched in the X-axis direction at one of
the temperatures T1 and T2, and is advanced when the layered
body is uniaxially stretched in the X-axis direction at the other
of the temperatures T1 and T2).

[0095] Expression of the phase difference when the layered
body for manufacturing a phase difference plate satisfying the
requirement P is stretched will be specifically described with
reference to the drawings. FIG. 1 illustrates an example of
temperature dependence of phase difference A when the resin
layer (a) (the resin layer (c)) and the resin layer (b) of the
layered body for manufacturing a phase difference plate are
each stretched, as well as an example of temperature depen-
dence of phase difference A when the layered body for manu-
facturing a phase difference plate is stretched, assuming that
the resin A and the resin C are the same resin, and that the
resin A (or the resin C) constituting the resin layers (a) and (c)
has a higher glass transition temperature Tg, and the resin B
constituting the resin layer (b) has a lower glass transition
temperature Tgz. In the layered body for manufacturing a
phase difference plate as illustrated in FIG. 1, stretching at the
temperature T, causes larger negative phase difference
expression in the resin layer (b) than positive phase difference
expression in the resin layer (a), whereby the entire phase
difference plate will express a negative phase difference A.
On the other hand, stretching at the temperature T, causes
smaller negative phase difference expression in the resin layer
(b) than positive phase difference expression in the resin layer
(a), whereby the entire phase difference plate will express a
positive phase difference A. Therefore, by combining such
stretching at the different temperatures T, and T, it is pos-
sible to combine the phase differences generated in stretching
at respective temperatures, to stably realize a phase difference
plate which has desired phase difference and thus exerts a
desired optical function.

[0096] Examples of the configuration of the layered body
for manufacturing a phase difference plate may include an
instance wherein the resin A and the resin C are made of a
polycarbonate-based resin and the resin B is made of a poly-
styrene-based polymer. In the layered body for manufactur-
ing a phase difference plate, the ratio of the total thickness of
the resin layer (a) and the resin layer (c) relative to the total
thickness of the resin layer (b) ((the total of the thickness of
the resin layer (a)+the total of the thickness of the resin layer
(c))/the total of the thickness of the resin layer (b)) is usually
145 or more and preferably %10 or more, and usually 4 or less.
When the resin layer (a) (or the resin layer (c)) is too thick or
the resin layer (b) is too thick, the temperature dependence of
phase difference expression tends to be smaller.

[0097] The total thickness of the layered body for manu-
facturing a phase difference plate is preferably 10 pm ormore,
more preferably 20 um or more, and particularly preferably
30 pm or more, and preferably 500 um or less, more prefer-
ably 200 um or less, and particularly preferably 150 um or
less. When the layered body for manufacturing a phase dif-
ference plate is thinner than the lower limit of the aforemen-
tioned range, sufficient phase difference may be unobtainable
and the mechanical strength tends to be weaker. When the
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layered body is thicker than the upper limit of the aforemen-
tioned range, the flexibility may be deteriorated to cause
handling problems.

[0098] When the resin A and the resin C are the same resin,
the ratio of the thickness of the resin layer (a) to the thickness
of the resin layer (c), i.e., “the thickness of the resin layer
(a)/the thickness of the resin layer (c)” is preferably 1.5/1 or
more in view of compensating light leakage of the polarizing
plate. In view of maintaining the accuracy of the thickness of
the resin layer (c), “the thickness of the resin layer (a)/the
thickness of the resin layer (c)” is preferably 10/1 or less.
[0099] Furthermore, in the layered body for manufacturing
aphase difference plate, the fluctuation in thickness of each of
the resin layer (a), the resin layer (b), and the resin layer (c) on
the entire surface is preferably 1 um or less. This can reduce
fluctuation in the color tone of the phase difference plate of
the present invention. In addition, the tone change after long-
term use of the phase difference plate of the present invention
can be made uniform.

[0100] In order to restrict the thickness fluctuation of each
resin layer on the entire surface to be 1 wm or less, for
example, the followings may be carried out: (1) providing a
polymer filter having openings of 20 um or less in the
extruder; (2) rotating a gear pump at 5 rpm or higher; (3)
disposing surrounding means at the circumference of the die;
(4) setting an air gap to 200 mm or less; (5) performing edge
pinning when the film is cast on the cooling roll; and (6) as an
extruder, using a twin screw extruder or a single screw
extruder having a double flight-type screw.

[0101] The thickness of each resin layer may be calculated
as follows. The total thickness of the film is measured using a
commercially available contact-type thickness meter, and the
portion whose thickness has been measured is then cut and the
cross section thereof is observed with an optical microscope,
to determine the ratio of the thickness of each layer. From the
ratio, the thickness of each resin layer may be calculated. The
aforementioned procedure may be carried out at regular inter-
vals in the MD direction of the film (in the flow direction of
the film) and in the TD direction of the film (in the width
direction of the film) to determine the average thickness and
its fluctuation.

[0102] The thickness fluctuation is calculated on the basis
of the arithmetic average T,,, of the measured value mea-
sured in the aforementioned manner, in accordance with the
following formula with the maximum value T, and the
minimum value T, of the thickness T measured.

Thickness fluctuation (pum)=larger one of 7,,.~7,,.;,
and 7,

max~Laver

[0103] The layered body for manufacturing a phase differ-
ence plate may have an optional layer other than the resin
layer (a), the resin layer (b), and the resin layer (c), unless the
effect of the present invention is significantly impaired.
Examples of the optional layer may include an adhesion layer
for adhering the resin layers to each other, a matte layer for
improving sliding property of the film, a hard-coat layer such
as an impact-resistant polymethacrylate resin layer, an anti-
reflection layer, and a stain-proofing layer. The optional layer
may be provided after the layered body for manufacturing a
phase difference plate is obtained by co-extrusion. Alterna-
tively, the optional layer may also be provided by co-extrud-
ing the materials for forming the optional layer with the resins
A to C upon co-extrusion of the resins A to C.

[0104] The layered body for manufacturing a phase differ-
ence plate preferably has a total light transmittance of 85% or
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more. When the total light transmittance is less than 85%, the
phase difference plate of the present invention may become
unsuitable as an optical member. The upper limit thereof is
ideally 100%. The light transmittance may be measured using
the spectrophotometer (produced by Jasco Corporation,
ultraviolet visible near-infrared spectrophotometer “V-570")
in accordance with JIS K0115.

[0105] The layered body for manufacturing a phase differ-
ence plate has a haze of preferably 5% or less, more prefer-
ably 3% or less, and particularly preferably 1% or less. Hav-
ing a low haze may result in improved clarity of the display
image of the display device having the phase difference plate
of the present invention incorporated therein. The lower limit
thereof is ideally zero. In this case, the haze is the average
value calculated from measurement at five points in accor-
dance with JIS K7361-1997 using the “turbidity meter NDH-
300A” produced by Nippon Denshoku Industries Co., Ltd.
[0106] The layered body for manufacturing a phase differ-
ence plate has AYT of preferably 5 or less, and more prefer-
ably 3 or less. When this AYT is within the aforementioned
range, favorable visibility can be achieved without coloring.
The lower limit thereof is ideally zero. The AYT is measured
in accordance with ASTM E313 using the “spectrocolorim-
eter SE2000” produced by Nippon Denshoku Industries Co.,
Ltd. The same measurement is repeated 5 times and the arith-
metic average thereof is calculated.

[0107] The layered body for manufacturing a phase differ-
ence plate preferably has an outer surface which is flat with
substantially no linear recess and linear projection (so-called
die line) which are irregularly generated and extend in the
MD direction. As used therein, the expression “flat with sub-
stantially no linear recess and linear projection which are
irregularly generated” means that, even if a linear recess and
alinear projection are formed, the linear recess has a depth of
less than 50 nm or a width of more than 500 nm, and the linear
projection has a height of less than 50 nm or a width of more
than 500 nm. More preferably, the linear recess has a depth of
less than 30 nm or a width of more than 700 nm, and the linear
projection has a height of less than 30 nm or a width of more
than 700 nm. Such a configuration can prevent interference of
light and generation of light leakage caused by, e.g., optical
refraction in the linear recess and the linear projection, and
thereby can improve optical performance. In addition, the
expression “irregularly generated” means being formed in an
unintended size or shape, etc., at an unintended position.
[0108] The aforementioned depth of the linear recess, the
height of the linear projection, and the width thereof may be
determined by the following method. The layered body for
manufacturing a phase difference plate is irradiated with light
and the transmitted light is projected on a screen. The portion
corresponding to bright or dark stripes of the light appearing
on the screen (this portion has a deep linear recess and a high
linear projection) is cut out in a 30 mm square. The surface of
the cut-out film piece is observed using a three-dimensional
surface structure analysis microscope (visual field area of 5
mmx7 mm). The observed image is then converted into a
three-dimensional image and the cross-sectional profile is
determined from this three-dimensional image. The cross-
sectional profile is determined at 1 mm intervals, in the visual
field area.

[0109] An average line is drawn on this cross-sectional
profile. Then, the length from this average line to the bottom
of the linear recess is taken as the depth of the linear recess
and the length from the average line to the top of the linear
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projection is taken as the height of the linear projection. The
distance between the intersections of the average line and the
profile is taken as the width. The maximum values of the
depth of the linear recess and the height of the linear projec-
tion are determined from the measured values thereof, and
then the widths of the linear recess and the linear projection
which have these maximum values are determined. The maxi-
mum values of the depth of the linear recess and the height of
the linear projection and the widths of the linear recess and the
linear projection which have these maximum values, which
are determined in the aforementioned manner, are taken as the
depth of the linear recess. the height of the linear projection,
and the widths thereof in the film, respectively.

[0110] The layered body for manufacturing a phase differ-
ence plate may have a size of, for example, 1000 mm to 2000
mm in the TD direction. The size of the layered body for
manufacturing a phase difference plate in the MD direction is
not particularly limited, and it is preferable that the layered
body is a lengthy film. As used herein, the “lengthy” film
refersto a film having a length longer than 5 or more times the
width of the film, preferably a length longer than 10 or more
times the width, and specifically a length sufficient to be
taken-up in a roll shape for storage or transportation.

[0111] [1-2. First Stretching Step]

[0112] In the first stretching step, the layered body for
manufacturing a phase difference plate is stretched in one
direction at the temperature T1. That is, the layered body for
manufacturing a phase difference plate is uniaxially stretched
at the temperature T1. Stretching at the temperature T1 causes
phase difference in each of the resin layers (a) to (c) depend-
ing on, e.g., the configuration of the layered body for manu-
facturing a phase difference plate, the stretching temperature
T1, and the stretching ratio. The stretching also causes phase
difference of the entire layered body for manufacturing a
phase difference plate including the resin layers (a)to (b) (and
also including the resin layer (c) when the resin layer (c) is
included). In this case, for example, when the layered body
for manufacturing a phase difference plate satisfies the
requirement P, the phase of XZ polarized light relative to YZ
polarized light will be retarded or advanced.

[0113] On the basis of the glass transition temperature Tg,
oftheresin A, the glass transition temperature Tg; of the resin
B, and the glass transition temperature Tg,. of the resin C, the
temperature T1 is preferably higher than Tg,, more prefer-
ably higher than Tgz+5° C., and still more preferably higher
than Tgz+10° C., and lower than higher one of the tempera-
tures Tg, and Tg . plus 40° C., and more preferably lower than
the higher one of the temperatures Tg, and Tg.. plus 20° C.
When the temperature T1 is higher than the lower limit of the
aforementioned temperature range, the phase differences Reb
and Rtb of the resin layer (b) can stably be set within desired
ranges. When the temperature T1 is lower than the upper limit
of the aforementioned temperature range, the phase differ-
ences Rea and Rta of the resin layer (a), and the phase differ-
ences Rec and Rtc of the resin layer (¢) can stably be set
within desired ranges.

[0114] Uniaxial stretching may be carried out by methods
publicly known in the prior art. Examples of the method may
include a method of uniaxial stretching in the lengthwise
direction (that usually matches the MD direction) utilizing
the difference in peripheral speed between rolls; and a method
of uniaxial stretching in the crosswise direction (usually
matches the TD direction.) using a tenter. Examples of the
method of uniaxial stretching in the lengthwise direction may
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include an IR heating method and a float method between
rolls. Among them, the float method is preferable in high
optical uniformity of the resulting the phase difference plate.
On the other hand, examples of the method of uniaxial
stretching in the crosswise direction may include a tenter
method.

[0115] In stretching, a temperature variation may be pro-
vided along the width direction of the film in a stretching zone
to reduce stretching unevenness and thickness unevenness. In
order to provide the temperature variation along the width
direction of the film in the stretching zone, publicly known
techniques may be used, such as adjusting the degree of
opening of warm air nozzles in the width direction, and
arranging IR heaters in the width direction for heating con-
trol.

[0116] [1-3. Second Stretching Step]

[0117] The second stretching step is carried out after the
first stretching step. In the second stretching step, the layered
body for manufacturing a phase difference plate which has
been stretched in one direction in the first stretching step is
stretched in the direction approximately orthogonal to the
stretching direction of the first stretching step. As used herein,
in the present invention, the expression “approximately
orthogonal” means that the formed angle is usually 85° or
more and preferably 89° or more, and usually 95° or less and
preferably 91° or less.

[0118] In the second stretching step, the layered body for
manufacturing a phase difference plate is stretched at the
temperature T2 which is lower than the temperature T1. That
is, the layered body for manufacturing a phase difference
plate is uniaxially stretched at the relatively low temperature
T2. Stretching at the temperature T2 causes phase difference
in each of the resin layers (a) to (¢) depending on, e.g., the
configuration of the layered body for manufacturing a phase
difference plate, the stretching temperature T2, and the
stretching ratio. The stretching also causes phase difference
of the entire layered body for manufacturing a phase differ-
ence plate including the resin layers (a) to (c). In this case, for
example, if the layered body for manufacturing a phase dif-
ference plate satisfies the requirement P, the phase of XZ
polarized light relative to YZ polarized light will be advanced
by stretching in the second stretching step when the phase of
XZ polarized light relative to YZ polarized light is retarded by
stretching in the first stretching step, and the phase of X7
polarized light relative to YZ polarized light will be retarded
by stretching in the second stretching step when the phase of
X7 polarized light relative to YZ polarized light is advanced
by stretching in the first stretching step.

[0119] On the basis of the glass transition temperature Tg,
of the resin B, the temperature T2 is preferably higher than
Tgz-20° C. and more preferably higher than Tgz-10°C., and
preferably lower than Tg;+5° C. and more preferably lower
than Tg,. When the stretching temperature T2 is higher than
the lower limit of the aforementioned temperature range, the
layered body for manufacturing a phase difference plate can
be prevented from being fractured or being cloudy in stretch-
ing. When the stretching temperature T2 is lower than the
upper limit of the aforementioned temperature range, the
phase differences Reb and Rtb ofthe resin layer (b) can stably
be set within desired ranges.

[0120] The difference between the temperature T1 and the
temperature T2 is usually 5° C. or more, and preferably 10° C.
or more. Such a large difference between the temperature T1
and the temperature T2 allows stable expression of the polar-
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izing plate compensation function of the phase difference
plate. The upper limit of the difference between the tempera-
ture T1 and the temperature T2 is not limited, although it is
100° C. or less in view of industrial productivity.

[0121] In uniaxial stretching in the second stretching step,
the same method as employed in uniaxial stretching in the
first stretching step may be applied. However, uniaxial
stretching in the second stretching step is preferably carried
out ata smaller stretching ratio than that in uniaxial stretching
in the first stretching step. Specifically, it is preferable that the
stretching ratio in the first stretching step is 2 to 4 times and
the stretching ratio in the second stretching step is 1.1 to 2
times.

[0122] Examples of combination of the stretching direc-
tions in the first stretching step and the second stretching step
may include: stretching in the lengthwise direction in the first
stretching step and stretching in the crosswise direction in the
second stretching step; stretching in the crosswise direction in
the first stretching step and stretching in the lengthwise direc-
tion in the second stretching step; and stretching in a diagonal
direction in the first stretching step and stretching in a diago-
nal direction approximately orthogonal thereto in the second
stretching step. Among them, stretching in the crosswise
direction in the first stretching step and stretching in the
lengthwise direction in the second stretching step are prefer-
able. This is because stretching in the lengthwise direction in
the second stretching step at a smaller stretching ratio can
reduce fluctuation in the direction of the optical axis over the
full width of the obtained phase difference plate.

[0123] By subjecting the layered body for manufacturing a
phase difference plate to the first stretching step and the
second stretching step in the aforementioned manner, each of
the first stretching step and the second stretching step gives
phase difference to the resin layer (a) and the resin layer (b)
depending on, e.g., the stretching temperature, the stretching
direction, and the stretching ratio. Accordingly, in the phase
difference plate of the present invention which is obtained
after the first stretching step and the second stretching step,
phase difference which is sufficient to express optical func-
tions such as polarizing plate compensation function will be
generated as a combination of phase differences generated in
the resin layers (a) to (c) in of the respective first stretching
step and second stretching step.

[0124] In the aforementioned method for manufacturing
the phase difference plate, the steps are simpler than the prior
art methods, and therefore improved productivity can be
expected.

[0125] For example, in the technique described in Patent
Literature 1, a desired phase difference plate was obtained by
imparting shrinking force to a resin film by a shrink film,
which requires complicated control of the direction and the
degree of shrinkage. In addition, in the method using the
shrink film, the magnitude of the shrinking force varied with,
e.g., the thickness of the shrink film and the conditions of
shrinking, so that it was difficult to adjust accuracy of shrink-
age and to manufacture a phase difference plate having a
broad width. In contrast thereto, the aforementioned method
for manufacturing the phase difference plate may be per-
formed merely by stretching of the layered body for manu-
facturing a phase difference plate. Therefore the method is an
easy manufacturing method with simple steps. Furthermore,
since the aforementioned method for manufacturing phase
difference plates does not require shrinking but only requires
stretching, and the accuracy of stretching is relatively easily
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adjusted, the aforementioned method readily realizes a phase
difference plate having a broad width.

[0126] Alternatively, it is conceivable to manufacture a
phase difference plate having the polarizing plate compensa-
tion function by, e.g., separately preparing films having dif-
ferent phase differences and then bonding the films to each
other. However, such a method requires precise adjustment of
bonding angle, and such adjustment was complicated. When
an adhesive is used for bonding, the device and the time are
required for curing the adhesive, which was complicated. In
contrast thereto, the aforementioned method for manufactur-
ing the phase difference plate does not require adjustment of
the bonding angle since the layered body for manufacturing a
phase difference plate is prepared before stretching. There-
fore, the aforementioned manufacturing method requires less
effort and can be performed in simple manner, whereby
improved productivity can be expected. Furthermore,
because of the absence of the necessity of bonding angle
adjustment, the accuracy of the direction of the slow axis can
be easily improved and higher quality of the product can be
expected.

[0127] [1-4. Other Steps]

[0128] In the method for manufacturing the phase differ-
ence plate of the present invention, other steps may be carried
out in addition to the aforementioned first stretching step and
second stretching step.

[0129] For example, before stretching the layered body for
manufacturing a phase difference plate, a step of preheating
the layered body for manufacturing a phase difference plate
(preheating step) may be provided. Examples of means for
heating the layered body for manufacturing a phase differ-
ence plate may include an oven-type heating device, a radia-
tion heating device, and soaking in a liquid. Among them, the
oven-type heating device is preferable. The heating tempera-
ture in the preheating step is usually the stretching tempera-
ture minus 40° C. or higher and preferably the stretching
temperature minus 30° C. or higher, and usually the stretching
temperature plus 20° C. or lower, and preferably the stretch-
ing temperature plus 15° C. or lower. The stretching tempera-
ture means the preset temperature of the heating device.
[0130] In addition, for example, the stretched film may be
subjected to a fixing process after the first stretching step
and/or the second stretching step. The temperature in the
fixing process is usually a room temperature or higher, pref-
erably the stretching temperature minus 40° C. or higher, and
usually the stretching temperature plus 30° C. or lower, pref-
erably the stretching temperature plus 20° C. or lower.
[0131] [2. Phase Difference Plate of the Present Invention]
[0132] The phase difference plate of the present invention
is obtained by the aforementioned manufacturing method.
[0133] As the phase difference plate obtained after the
aforementioned first stretching step and second stretching
step, the following two embodiments are conceivable
depending on the stretching conditions of each stretching
step: (1) an embodiment in which the slow axis of the resin
layer (a) after stretching, the slow axis of the resin layer (b)
after stretching, and the slow axis of the resin layer (c) after
stretching are approximately parallel to one another; and (2)
an embodiment in which the slow axes of the resin layer (a)
and the resin layer (c) after stretching are approximately
orthogonal to the slow axis of the resin layer (b) after stretch-
ing. In the present invention, (1) the slow axis of the resin
layer (a) after stretching, the slow axis of the resin layer (b)
after stretching, and the slow axis of the resin layer (c) after
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stretching are approximately parallel to one another. In the
present invention, the expression “approximately parallel”
means that the formed angle is 0° (i.e., precisely parallel) and,
in addition, the formed angle is within the range of +5°, and
preferably within the range of +1°.

[0134] In one embodiment of the phase difference plate of
the present invention, the phase difference plate has the lay-
ered structure including at least the resin layer (a) containing
the resin A and the resin layer (b) containing the resin B, in
which the in-plane retardation Rea and the NZ coefficient
NZa of the resin layer (a) after the stretching treatment (i.e.,
after both the first stretching step and the second stretching
step), and the in-plane retardation Reb and the NZ coefficient
NZb of the resin layer (b) after the stretching treatment satisfy
the following Formulae 1 to 4. In this case, the slow axis of the
resin layer (a) after the stretching treatment, and the slow axis
of the resin layer (b) after the stretching treatment are
approximately parallel to each other.

30 nm<Rea<60 nm Formula 1
2.0<NZa<5.0 Formula 2
60 nm<Reb<90 nm Formula 3
-2.0<NZb<-0.5 Formula 4
[0135] Formulae 1 to 4 will be described in more detail
hereinbelow.
[0136] In the phase difference plate of the present inven-

tion, the in-plane retardation Rea of the resin layer (a) is
usually more than 30 nm and preferably more than 40 nm, and
usually less than 60 nm and preferably less than 50 nm.

[0137] In the phase difference plate of the present inven-
tion, the NZ coefficient NZa of the resin layer (a) is usually
more than 2.0 and preferably more than 2.5, and usually less
than 5.0 and preferably less than 4.0.

[0138] In the phase difference plate of the present inven-
tion, the in-plane retardation Reb of the resin layer (b) is
usually more than 60 nm and preferably more than 65 nm, and
usually less than 90 nm and preferably less than 85 nm.

[0139] In the phase difference plate of the present inven-
tion, the N7 coefficient NZb of the resin layer (b) is usually
more than -2.0 and preferably more than -1.5, and usually
less than -0.5 and preferably less than -0.6.

[0140] Inanother embodiment of the phase difference plate
of the present invention, the phase difference plate has the
layered structure including at least the resin layer (a) contain-
ing the resin A, the resin layer (b) containing the resin B, and
theresinlayer (c) containing the resin C, in which the in-plane
retardation Rea and the NZ coefficient NZa of the resin layer
(a) after the stretching treatment, the in-plane retardation Reb
and the NZ coefficient NZb of the resin layer (b) after the
stretching treatment, and the in-plane retardation Rec and the
NZ coefficient NZc of the resin layer (¢) after the stretching
treatment satisfy the following Formulae 5 to 10. In this case,
the slow axes of the resin layer (a) after the stretching treat-
ment and the resin layer (c) after the stretching treatment are
approximately parallel to the slow axis of the resin layer (b)
after the stretching treatment.

30 nm<Req<60 nm Formula 5
2.0<NZa<5.0 Formula 6
70 nm<Reb<110 nm Formula 7
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-2.0<NZb<-0.5 Formula &
10 nm<Rec<30 nm Formula 9
2.0<NZc<5.0 Formula 10
[0141] Formulae 5 to 10 will be described in more detail
hereinbelow.
[0142] In the phase difference plate of the present inven-

tion, the in-plane retardation Rea of the resin layer (a) is
usually more than 30 nm and preferably more than 40 nm, and
usually less than 60 nm and preferably less than 50 nm.
[0143] In the phase difference plate of the present inven-
tion, the NZ coefficient NZa of the resin layer (a) is usually
more than 2.0 and preferably more than 2.5, and usually less
than 5.0 and preferably less than 4.0.

[0144] In the phase difference plate of the present inven-
tion, the in-plane retardation Reb of the resin layer (b) is
usually more than 70 nm and preferably more than 80 nm, and
usually less than 110 nm and preferably less than 100 nm.
[0145] In the phase difference plate of the present inven-
tion, the NZ coefficient NZb of the resin layer (b) is usually
more than -2.0 and preferably more than -1.5, and usually
less than -0.5 and preferably less than -0.6.

[0146] In the phase difference plate of the present inven-
tion, the in-plane retardation Rec of the resin layer (c) is
usually more than 10 nm and preferably more than 12 nm, and
usually less than 30 nm and preferably less than 28 nm.
[0147] In the phase difference plate of the present inven-
tion, the NZ coeflicient NZc¢ of the resin layer (c) is usually
more than 2.0 and preferably more than 2.5, and usually less
than 5.0 and preferably less than 4.0.

[0148] Inthe aforementioned two embodiments, by setting
the in-plane retardation Rea and the NZ coefficient NZa of the
resin layer (a), the in-plane retardation Reb and the NZ coef-
ficient NZb of the resin layer (b), and the in-plane retardation
Rec and the NZ coefficient NZc of the resin layer (c) within
the aforementioned ranges, the phase difference plate of the
present invention can exert the polarizing plate compensation
function. These Rea, NZa, Reb, NZb, Rec, and NZc¢ may be
adjusted by controlling, for example, the thicknesses of the
resin layer (a), the resin layer (b), and the resin layer (c) in the
step of forming the layered body, and the stretching ratio and
the stretching temperature in the first stretching step and the
second stretching step.

[0149] The in-plane retardation (Rea, Reb, Rec) of each
layer are the values represented by INx-Ny|xTh (wherein Nx
represents the refractive index in the direction which is per-
pendicular to the thickness direction (an in-plane direction)
and gives the maximum refractive index, Ny represents the
refractive index in the direction which is perpendicular to the
thickness direction (an in-plane direction) and orthogonal to
Nx, and Th represents the thickness). The NZ coefficients
(NZa,N7Zb, and NZc) are the values represented by (Nx-Nz)/
(Nx-Ny) (wherein Nx represents the refractive index in the
direction which s perpendicular to the thickness direction (an
in-plane direction) and gives the maximum refractive index,
Ny represents the refractive index in the direction which is
perpendicular to the thickness direction (an in-plane direc-
tion) and orthogonal to Nx, and Nz represents the refractive
index in the thickness direction). Each retardation is evalu-
ated for the light having a wavelength of 550 nm.

[0150] The aforementioned retardation of each layer may
be calculated by obtaining Nx, Ny, and Nz using the spectro-
scopic ellipsometer M-2000U produced by I. A. Woollam
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while the phase difference plate is brought into a monolayer
state by polishing the surface thereof with a polishing cloth
for plastics.

[0151] The phase difference plate of the present invention
may be those which shrink in the lengthwise direction and in
the crosswise direction when subjected to heat treatment at
60° C. and 90% RH for 100 hours. However, the shrinkage
ratio is preferably 0.5% or less, and more preferably 0.3% or
less. An excessive shrinkage ratio may cause deformation of
the phase difference plate of the present invention due to
shrinkage stress and the phase difference plate may be sepa-
rated from the display device when the phase difference plate
is used under a high-temperature/high-humidity environ-
ment.

[0152] The thickness of the phase difference plate of the
present invention is preferably 10 um or more and more
preferably 30 um or more, and preferably 200 um or less and
more preferably 150 um or less in terms of the total thickness
of the resin layers (a) to (c). Moreover, the thickness fluctua-
tion of the resin layers (a) to (¢) is preferably 1 um or less on
the entire surface. With this feature, fluctuation in the color
tone can be reduced. Further, with this feature, uniform tone
change after long-term use can be achieved. This feature may
be realized by, in the layered body for manufacturing a phase
difference plate, controlling the thickness fluctuation of the
resin layers (a) to (¢) to be 1 um or less on the entire surface.
[0153] The phase difference plate of the present invention
is the same as the layered body for manufacturing a phase
difference plate in terms of the total light transmittance, haze,
AY]1, and JIS pencil hardness as well as in that the outer
surface is preferably flat with substantially no linear recess
and linear projection.

[0154] The phase difference plate of the present invention
may have a layer other than the resin layers (a) to (c).
Examples of other layers may include the same layers as
described in the section of the layered body for manufacturing
a phase difference plate.

[0155] The phase difference plate of the present invention
may have a size of 1500 mm to 2000 mm in width direction.
[0156] [3. Liquid Crystal Display Device]

[0157] The phase difference plate of the present invention
has an excellent polarizing plate compensation function and
therefore it may be applied to aliquid crystal display device as
it is alone or in combination with another member.

[0158] The liquid crystal display device usually comprises
a pair of polarizers (a light incident side polarizer and a light
emitting side polarizer) having absorption axes approxi-
mately orthogonal to each other and a liquid crystal cell
interposed between the pair of polarizers. When the phase
difference plate of the present invention is provided to the
liquid crystal display device, the phase difference plate of the
present invention is interposed between the pair of polarizers.
In this case, the phase difference plate of the present invention
may be provided on the light incident side of the liquid crystal
cell, may be provided on the light emitting side of the liquid
crystal cell, or may be provided on both the light incident side
and the light emitting side of the liquid crystal cell. Usually,
the pair of polarizers, the phase difference plate of the present
invention, and the liquid crystal cell are integrally provided as
aliquid crystal panel, and this liquid crystal panel is irradiated
with light from a light source to display an image on a display
surface on the light emitting side of the liquid crystal panel. In
this case, the phase difference plate of the present invention
exerts an excellent polarizing plate compensation function.
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Thus it is thereby possible to reduce light leakage when the
display surface of the liquid crystal display device is viewed
from the oblique direction. Furthermore, the phase difference
plate of the present invention usually has an excellent optical
function in addition to the polarizing plate compensation
function, so that the visibility of the liquid crystal display
device can be further improved.

[0159] Examples of the drive mode of the liquid crystal cell
may include an in-plane switching (IPS) mode, a vertical
alignment (VA) mode, a multi-domain vertical alignment
(MVA) mode, a continuous pinwheel alignment (CPA) mode,
a hybrid alignment nematic (HAN) mode, a twisted nematic
(TN) mode, a super-twisted nematic (STN) mode, and an
optically compensated bend (OCB) mode. Among them, the
in-plane switching mode and vertical alignment mode are
preferable, and the in-plane switching mode is particularly
preferable. The liquid crystal cell of the in-plane switching
mode has a wide viewing angle. By applying the phase dif-
ference plate of the present invention, its viewing angle can
further be widened.

[0160] The phase difference plate of the present invention
may be bonded to the liquid crystal cell or the polarizer. For
bonding, a publicly known adhesive may be used.

[0161] Onesheet ofthe phase difference plate of the present
invention may be used alone, or two or more sheets thereof
may be used.

[0162] Moreover, when the phase difference plate of the
present invention is provided to the liquid crystal display
device, it may be used in combination with another phase
difference plate. For example, when the phase difference
plate of the present invention is provided to a liquid crystal
display device including a liquid crystal cell with a vertical
alignment mode, another phase difference plate for improv-
ing viewing angle characteristics may be interposed between
the pair of polarizers in addition to the phase difference plate
of the present invention.

[0163] [1-4. Other Matters]

[0164] The phase difference plate of the present invention
may also be used for applications other than those mentioned
above.

[0165] For example, the phase difference plate of the
present invention may be formed as a V4 wave plate by setting
the in-plane retardation Re of the phase difference plate of the
present invention to 120 nm to 160 nm. This %4 wave plate
may be combined with a linear polarizer to be a circularly
polarizing plate. In this case, the angle formed by the slow
axis of the %4 wave plate and the absorption axis of the linear
polarizer is preferably 45+2°.

[0166] The phase difference plate of the present invention
may also be used as a protective film of the polarizing plate.
A polarizing plate usually comprises a polarizer and protec-
tive films bonded to both sides thereof. When the phase dif-
ference plate of the present invention is bonded to the polar-
izer, the phase difference plate of the present invention may
be used as a protective film. In this case, the liquid crystal
display device can be made thinner since the protective film is
omitted.

[0167] In the liquid crystal display device of the present
invention, the omnidirectional contrast is 50 or higher, more
preferably 80 or higher, and still more preferably 150 or
higher. Having such a value of the omnidirectional contrast, it
is possible to improve the display quality when viewed from
the oblique direction. When the omnidirectional contrast is
relatively low (for example, about 50), as described in the
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above, it is possible to obtain an embodiment which exerts
color taste improving effect on the display screen which is in
a trade-off relationship with improvement in contrast.

EXAMPLES

[0168] The present invention will be specifically described
hereinbelow referring to Examples, but the present invention
is not limited to the following Examples and may be arbi-
trarily modified and practiced without departing from the
scope of the claims of the present invention. In Examples and
Comparative Examples, the polarizing plate (produced by
SANRITZ CORPORATION, LLC2-9518) was used as a
polarizer. The liquid crystal cell used was the one which has
a thickness of 3.349 um, a birefringence of An=0.11 at the
wavelength of 550 nm, and a pretilt angle of 0°.

[0169] [Evaluation Method]
[0170] (1) Method for Measuring Thickness
[0171] Thickness of the film was measured using a contact-

type thickness meter.

[0172] Thickness of each layer constituting the film was
measured by embedding the film in epoxy resin, then slicing
with a microtome (produced by YAMATO KOGYO Co., Ltd.,
product name “RUB-2100), and observing the cross section
of the sliced film with a scanning electron microscope.

[0173] (2) Method for Measuring Retardation and NZ
Coefficient
[0174] For measuring in-plane phase difference and phase

difference in the thickness direction of each layer constituting
aphase difference plate, the refractive index Nx in the length-
wise direction, the refractive index Ny in the width direction,
and the refractive index Nz in the thickness direction of each
layer are each obtained at a measurement wavelength of 550
nm using the spectroscopic ellipsometer M-2000U produced
by J. A. Woollam while the phase difference plate is brought
into a monolayer state by polishing the surface thereof with a
polishing cloth for plastics. Then, these obtained values and
the thickness Th (nm) of each layer were used to calculate the
in-plane phase differences (Rea, Reb, Rec) and the NZ coef-
ficients (NZa, NZb, NZc) in accordance with the following
formulae.

Rea(Reb,Rec)=INx-NyIxTh

NZa(NZb NZc)=(Nx—Nz)/(Nx-Ny)

[0175] (3) Viewing Angle Characteristics of Liquid Crystal
Display Device
[0176] The obtained phase difference plate is disposed at a

position adjacently contacting the liquid crystal cell of a
liquid crystal display device of an in-plane switching (IPS)
mode, display characteristics are visually observed. Further-
more, the contrast is calculated by optical simulation using a
4%4 matrix and shown as a contrast map.

Preparative Example 1

[0177] A film forming apparatus for two-material two-
layer co-extrusion molding was prepared, and pellets of poly-
carbonate resin (produced by Asahi Kasei Corporation, Won-
derlite PC-115, glass transition temperature of 145° C.) were
charged into one of the uniaxial extruders having a double
flight type screw, and then melted.

[0178] Pellets of styrene-maleic anhydride copolymer
resin (produced by Nova Chemicals, Dylark D332, glass tran-
sition temperature of 135° C.) were charged into the other
uniaxial extruder having a double flight type screw, and then



US 2013/0169910 A1

melted. The total light transmittance of the aforementioned
polycarbonate resin with a thickness of 1 mm is 90%, and the
total light transmittance of the aforementioned styrene-ma-
leic anhydride copolymer resin with a thickness of 1 mm is
89%.

[0179] The melted polycarbonate resin at 260° C. was sup-
plied into one of the manifolds of a multi-manifold die (sur-
face roughness Ra of a die lip: 0.1 um) through a leaf disk
shaped polymer filter having openings of 10 um. The melted
styrene-maleic anhydride copolymer resin at 260° C. was
supplied into the other manifold through a leaf disk shaped
polymer filter having openings of 10 pum.

[0180] The polycarbonate resin and the styrene-maleic
anhydride copolymer resin were co-extruded from the multi-
manifold die at 260° C. to be in a film shape with a two-layer
configuration consisting of a polycarbonate resin layer/a sty-
rene-maleic anhydride copolymer resin layer. The film-
shaped melted resin was cast onto a cooling roll having a
surface temperature adjusted to 130° C. and then passed
between two cooling rolls having a surface temperature
adjusted to 50° C. to obtain a layered body 1. The casting of
the film-shaped melted resin onto the cooling roll was per-
formed such that the polycarbonate resin layer was formed on
the surface ofthe cooling roll. The layered body 1 is a layered
body 1 for manufacturing a phase difference plate which
consists of the polycarbonate resin layer (resin layer (a): 19
um) and the styrene-maleic anhydride copolymer resin layer
(resin layer (b): 144 um), and has a width of 1350 mm and a
thickness of 163 um (co-extrusion step).

Preparative Example 2

[0181] A layered body 2 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 2 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 16 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 142 pm), and had a
width of 1350 mm and a thickness of 158 pm.

Preparative Example 3

[0182] A layered body 3 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 3 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 16 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 125 pm), and had a
width of 1350 mm and a thickness of 141 pm.

Preparative Example 4

[0183] A layered body 4 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 4 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 9 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 142 pm), and had a
width of 1350 mm and a thickness of 151 pm.

Preparative Example 5

[0184] A layered body 5 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
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Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 5 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 24 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 142 pm), and had a
width of 1350 mm and a thickness of 166 pm.

Preparative Example 6

[0185] A layered body 6 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 6 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 16 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 109 pm), and had a
width of 1350 mm and a thickness of 125 pm.

Preparative Example 7

[0186] A layered body 7 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 7 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 16 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 192 pm), and had a
width of 1350 mm and a thickness of 208 pm.

Preparative Example 8

[0187] A layered body 8 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 8 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 9 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 109 um), and had a
width of 1350 mm and a thickness of 118 pum.

Preparative Example 9

[0188] A layered body 9 for manufacturing a phase differ-
ence plate was obtained by the similar procedure to that of
Preparative Example 1, in which the thickness thereof was the
only different point. The layered body 9 for manufacturing a
phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 24 um) and a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 192 pm), and had a
width of 1350 mm and a thickness of 216 pm.

Example 1

[0189] Thelayered body 1obtained in Preparative Example
1 was supplied to a tenter crosswise uniaxial stretching
machine and stretched in the crosswise direction at a stretch-
ing temperature of 155° C. and a stretching ratio of 3.5 (first
stretching step). Subsequently, the stretched film was sup-
plied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 127° C. and a stretching ratio of 1.2 to obtain a phase
difference plate 1 (second stretching step).

[0190] In the obtained phase difference plate 1, the slow
axis of the resin layer (a) and the slow axis of the resin layer
(b) were approximately parallel to each other. Furthermore,
as to the obtained phase difference plate 1, the in-plane retar-
dation Rea and the NZ coefficient NZa of the resin layer (a),
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and the in-plane retardation Reb and the NZ coefficient NZb
of the resin layer (b) were measured. The results are shown in
Table 2. The obtained phase difference plate 1 satisfied For-
mulae 1 to 4.

[0191] Moreover, the obtained phase difference plate 1 was
disposed at a position adjacently contacting a liquid crystal
cell of a liquid crystal display device of an IPS mode to
visually evaluate display characteristics. As a result, the dis-
play was favorable and uniform when the screen was viewed
from the front direction, and even when viewed from the
oblique directions within 80 degrees with respect to the polar
angle in all azimuth directions. As to this liquid crystal dis-
play device, the contrast obtained by optical simulation using
a4x4 matrix is shown in Table 2 and the contrast contour map
is shown in FIG. 2.

Example 2

[0192] Thelayered body 2 obtained in Preparative Example
2 was supplied to a tenter crosswise uniaxial stretching
machine and stretched in the crosswise direction at a stretch-
ing temperature of 155° C. and a stretching ratio of 2.8 (first
stretching step). Subsequently, the stretched film was sup-
plied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 128° C. and a stretching ratio of 1.2 to obtain a phase
difference plate 2 (second stretching step).

[0193] In the obtained phase difference plate 2, the slow
axis of the resin layer (a) and the slow axis of the resin layer
(b) were approximately parallel to each other. Furthermore,
as to the obtained phase difference plate 1, the in-plane retar-
dation Rea and the NZ coefficient NZa of the resin layer (a),
and the in-plane retardation Reb and the NZ coefficient NZb
of the resin layer (b) were measured. The results are shown in
Table 2. The obtained phase difference plate 2 satisfied For-
mulae 1to 4.

[0194] Moreover, the obtained phase difference plate 2 was
disposed at a position adjacently contacting a liquid crystal
cell of a liquid crystal display device of an IPS mode to
visually evaluate display characteristics. As a result, the dis-
play was favorable and uniform when the screen was viewed
from the front direction, and even when viewed from the
oblique directions within 80 degrees with respect to the polar
angle in all azimuth directions. As to this liquid crystal dis-
play device, the contrast obtained by optical simulation using
a4x4 matrix is shown in Table 2 and the contrast contour map
is shown in FIG. 3.

Example 3

[0195] Thelayered body 3 obtained in Preparative Example
3 was supplied to a tenter crosswise uniaxial stretching
machine and stretched in the crosswise direction at a stretch-
ing temperature of 155° C. and a stretching ratio of 2.8 (first
stretching step). Subsequently, the stretched film was sup-
plied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 128° C. and a stretching ratio of 1.25 to obtain a phase
difference plate 3 (second stretching step).

[0196] In the obtained phase difference plate 3, the slow
axis of the resin layer (a) and the slow axis of the resin layer
(b) were approximately parallel to each other. Furthermore,
as to the obtained phase difference plate 3, the in-plane retar-
dation Rea and the NZ coeficient NZa of the resin layer (a),
and the in-plane retardation Reb and the NZ coefficient NZb
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of the resin layer (b) were measured. The results are shown in
Table 2. The obtained phase difference plate 3 satisfied For-
mulae 1to 4.

[0197] Moreover, the obtained phase difference plate 3 was
disposed at a position adjacently contacting a liquid crystal
cell of a liquid crystal display device of an IPS mode to
visually evaluate display characteristics. As a result, the dis-
play was favorable and uniform when the screen was viewed
from the front direction, and even when viewed from the
oblique directions within 80 degrees with respect to the polar
angle in all azimuth directions. As to this liquid crystal dis-
play device, the contrast obtained by optical simulation using
a4x4 matrix is shown in Table 2 and the contrast contour map
is shown in FIG. 4.

Comparative Examples 1 to 6

[0198] Each of the layered bodies 4 to 9 obtained in Pre-
parative Examples 4 to 9 was supplied to a tenter crosswise
uniaxial stretching machine and stretched in the crosswise
direction at a stretching temperature of 155° C. and a stretch-
ing ratio of 2.8 (first stretching step). Subsequently. each of
the stretched films was supplied to a lengthwise uniaxial
stretching machine and stretched in the lengthwise direction
at a stretching temperature of 128° C. and a stretching ratio of
1.2 to obtain phase difference plates 4 to 9 (second stretching
step).

[0199] In the obtained phase difference plates 4 to 9, the
slow axis of the resin layer (a) and the slow axis of the resin
layer (b) were approximately parallel to each other. Further-
more, as to the obtained phase difference plates 4 to 9, the
in-plane retardation Rea and the NZ coefficient NZa of the
resin layer (a), and the in-plane retardation Reb and the NZ
coefficient NZb of the resin layer (b) were measured. The
results are shown in Table 2. The obtained phase difference
plates 4 to 9 did not satisfy Formulae 1 to 4.

[0200] Moreover, the obtained phase difference plates 4 to
9 were visually evaluated for their display characteristics in
the aforementioned manner. As a result, light leaking was
observed when the screen was viewed from the oblique direc-
tions within 80 degrees with respect to the polar angle. In
addition, as to the phase difference plates 4 to 9, remarkable
color unevenness was observed and display was ununiform.
As to these liquid crystal display devices, the contrasts
obtained by optical simulation using a 4x4 matrix are shown
in Table 2 and the contrast contour maps are shown in FIGS.
5t010.

Preparative Example 10

[0201] A film forming apparatus for two-material three-
layer co-extrusion molding was prepared, and pellets of poly-
carbonate resin (produced by Asahi Kasei Corporation, Won-
derlite PC-110, glass transition temperature of 145° C.) were
charged into one of the uniaxial extruders having a double
flight type screw, and then melted.

[0202] Pellets of styrene-maleic anhydride copolymer
resin (produced by Nova Chemicals, Dylark D332, glass tran-
sition temperature of 135° C.) were charged into the other
uniaxial extruder having a double flight type screw, and then
melted.

[0203] The melted polycarbonate resin at 260° C. was sup-
plied into one of the manifolds of a multi-manifold die (sur-
face roughness Ra of a die lip: 0.1 um) through a leaf disk
shaped polymer filter having openings of 10 um. The melted
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styrene-maleic anhydride copolymer resin at 260° C. was
supplied into the other manifold through a leaf disk shaped
polymer filter having openings of 10 um.

[0204] The polycarbonate resin and the styrene-maleic
anhydride copolymer resin were co-extruded from the multi-
manifold die at 260° C. to be in a film shape with a three-layer
configuration consisting of a polycarbonate resin layer/a sty-
rene-maleic anhydride copolymer resin layer/a polycarbon-
ate resin layer. The film-shaped melted resin was cast onto a
cooling roll having a surface temperature adjusted to 130° C.
and then passed between two cooling rolls having a surface
temperature adjusted to 50° C. to obtain a layered body 10.
The layered body 10 is a layered body 10 for manufacturing
a phase difference plate which consists of the polycarbonate
resin layer (resin layer (a): 20 um), the styrene-maleic anhy-
dride copolymer resin layer (resin layer (b): 172 pm), and the
polycarbonate resin layer (resin layer (a): 7 um), and has a
width of 1350 mm and a thickness of 199 pm (co-extrusion

step).

Preparative Example 11

[0205] A layered body 11 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 11 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 184 um), and a poly-
carbonate resin layer (resin layer (c): 9 um), and had a width
of 1350 mm and a thickness of 210 pm.

Preparative Example 12

[0206] A layered body 12 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 12 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 178 um), and a poly-
carbonate resin layer (resin layer (c): 7 pm), and had a width
of 1350 mm and a thickness of 202 um.

Preparative Example 13

[0207] A layered body 13 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 13 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 16 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 153 um), and a poly-
carbonate resin layer (resin layer (c): 6 um), and had a width
of 1350 mm and a thickness of 175 pm.

Preparative Example 14

[0208] A layered body 14 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 14 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 24 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 178 um), and a poly-
carbonate resin layer (resin layer (c): 7 pm), and had a width
of 1350 mm and a thickness of 209 um.
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Preparative Example 15

[0209] A layered body 15 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 15 for manufactur-
ing a phase difference plate consisted ofa polycarbonate resin
layer (resin layer (a): 9 pum), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 178 um), and a poly-
carbonate resin layer (resin layer (c): 7 pum), and had a width
of 1350 mm and a thickness of 194 um.

Preparative Example 16

[0210] A layered body 16 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 16 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 233 um), and a poly-
carbonate resin layer (resin layer (c): 7 um), and had a width
of 1350 mm and a thickness of 257 pm.

Preparative Example 17

[0211] A layered body 17 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 17 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 130 um), and a poly-
carbonate resin layer (resin layer (c): 7 um), and had a width
of 1350 mm and a thickness of 154 um.

Preparative Example 18

[0212] A layered body 18 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 18 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 178 um), and a poly-
carbonate resin layer (resin layer (¢): 2 um), and had a width
of 1350 mm and a thickness of 197 um.

Preparative Example 19

[0213] A layered body 19 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 19 for manufactur-
ing a phase difference plate consisted ofa polycarbonate resin
layer (resin layer (a): 17 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 178 um), and a poly-
carbonate resin layer (resin layer (¢): 13 um), and had a width
of 1350 mm and a thickness of 208 um.

Preparative Example 20

[0214] A layered body 20 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 20 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 24 pm), a styrene-maleic anhydride
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copolymer resin layer (resin layer (b): 233 um), and a poly-
carbonate resin layer (resin layer (¢): 7 um), and had a width
of 1350 mm and a thickness of 264 um.

Preparative Example 21

[0215] A layered body 21 for manufacturing a phase dif-
ference plate was obtained by the similar procedure to that of
Preparative Example 10, in which the thickness thereof was
the only different point. The layered body 21 for manufactur-
ing a phase difference plate consisted of a polycarbonate resin
layer (resin layer (a): 9 pm), a styrene-maleic anhydride
copolymer resin layer (resin layer (b): 130 um), and a poly-
carbonate resin layer (resin layer (¢): 2 um), and had a width
of 1350 mm and a thickness of 141 um.

Example 4

[0216] The layered body 10 obtained in Preparative
Example 10 was supplied to a tenter crosswise uniaxial
stretching machine and stretched in the crosswise direction at
a stretching temperature of 155° C. and a stretching ratio of
3.5 (first stretching step). Subsequently, the stretched film
was supplied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 127° C. and a stretching ratio of 1.2 to obtain a phase
difference plate 10 (second stretching step).

[0217] In the obtained phase difference plate 10, the slow
axis of the resin layer (a), the slow axis of the resin layer (b),
and the slow axis of the resin layer (c) were approximately
parallel to one another. Furthermore, as to the obtained phase
difference plate 10, the in-plane retardation Rea and the N7
coefficient NZa of the resin layer (a), the in-plane retardation
Reb and the NZ coefficient NZb of the resin layer (b), and the
in-plane retardation Rec and the NZ coefficient NZc of the
resin layer (¢) were measured. The results are shown in Table
2. The obtained phase difference plate 10 satisfied Formulae
5to 10.

[0218] Moreover, the obtained phase difference plate 10
was disposed at a position adjacently contacting a liquid
crystal cell of a liquid crystal display device of an IPS mode
to visually evaluate display characteristics. As a result, the
display was favorable and uniform when the screen was
viewed from the front direction, and even when viewed from
the oblique directions within 80 degrees with respect to the
polar angle in all azimuth directions. As to this liquid crystal
display device, the contrast obtained by optical simulation
using a 4x4 matrix is shown in Table 2 and the contrast
contour map is shown in FIG. 11.

Examiple 5

[0219] The layered body 11 obtained in Preparative
Example 11 was supplied to a tenter crosswise uniaxial
stretching machine and stretched in the crosswise direction at
a stretching temperature of 155° C. and a stretching ratio of
2.8 (first stretching step). Subsequently, the stretched film
was supplied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 128° C. and a stretching ratio of 1.2 to obtain a phase
difference plate 11 (second stretching step).

[0220] In the obtained phase difference plate 11, the slow
axis of the resin layer (a), the slow axis of the resin layer (b),
and the slow axis of the resin layer (c) were approximately
parallel to one another. Furthermore, as to the obtained phase
difference plate 11, the in-plane retardation Rea and the NZ
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coefficient NZa of the resin layer (a), the in-plane retardation
Reb and the NZ coefficient NZb of the resin layer (b), and the
in-plane retardation Rec and the NZ coefficient NZc of the
resin layer (¢) were measured. The results are shown in Table
2. The obtained phase difference plate 11 satisfied Formulae
5to 10.

[0221] Moreover, the obtained phase difference plate 11
was disposed at a position adjacently contacting a liquid
crystal cell of a liquid crystal display device of an IPS mode
to visually evaluate display characteristics. As a result, the
display was favorable and uniform when the screen was
viewed from the front direction, and even when viewed from
the oblique directions within 80 degrees with respect to the
polar angle in all azimuth directions. As to this liquid crystal
display device, the contrast obtained by optical simulation
using a 4x4 matrix is shown in Table 2 and the contrast
contour map is shown in FIG. 12.

Example 6

[0222] The layered body 12 obtained in Preparative
Example 12 was supplied to a tenter crosswise uniaxial
stretching machine and stretched in the crosswise direction at
a stretching temperature of 155° C. and a stretching ratio of
2.8 (first stretching step). Subsequently, the stretched film
was supplied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 128° C. and a stretching ratio of 1.2 to obtain a phase
difference plate 12 (second stretching step).

[0223] In the obtained phase difference plate 12, the slow
axis of the resin layer (a), the slow axis of the resin layer (b),
and the slow axis of the resin layer (c) were approximately
parallel to one another. Furthermore, as to the obtained phase
difference plate 12, the in-plane retardation Rea and the NZ
coefficient NZa of the resin layer (a), the in-plane retardation
Reb and the NZ coefficient NZb of the resin layer (b), and the
in-plane retardation Rec and the NZ coefficient NZc of the
resin layer (¢) were measured. The results are shown in Table
2. The obtained phase difference plate 12 satisfied Formulae
510 10.

[0224] Moreover, the obtained phase difference plate 12
was disposed at a position adjacently contacting a liquid
crystal cell of a liquid crystal display device of an IPS mode
to visually evaluate display characteristics. As a result, the
display was favorable and uniform when the screen was
viewed from the front direction, and even when viewed from
the oblique directions within 80 degrees with respect to the
polar angle in all azimuth directions. As to this liquid crystal
display device, the contrast obtained by optical simulation
using a 4x4 matrix is shown in Table 2 and the contrast
contour map is shown in FIG. 13.

Example 7

[0225] The layered body 13 obtained in Preparative
Example 13 was supplied to a tenter crosswise uniaxial
stretching machine and stretched in the crosswise direction at
a stretching temperature of 155° C. and a stretching ratio of
2.8 (first stretching step). Subsequently, the stretched film
was supplied to a lengthwise uniaxial stretching machine and
stretched in the lengthwise direction at a stretching tempera-
ture of 128° C. and a stretching ratio of 1.25 to obtain a phase
difference plate 13 (second stretching step).

[0226] In the obtained phase difference plate 13, the slow
axis of the resin layer (a), the slow axis of the resin layer (b),
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16
and the slow axis of the resin layer (c) were approximately TABLE 1-continued
parallel to one another. Furthermore, as to the obtained phase
difference plate 13, the in-plane retardation Rea and the NZ [Thickness and stretching conditions for each layer of the
coefficient NZa of the resin layer (a), the in-plane retardation layered bodies for manufacturing a phase difference plate]
Reb and the NZ coefficient NZb of the resin layer (b), and the
in-plane retardation Rec and the NZ coefficient NZc of the Raw-material ] ]
resin layer (c) were measured. The results are shown in Table —fhickness (um)  lststretching  2nd stretching
g. Thlei) obtained phase difference plate 13 satisfied Formulae Layer Layer Layer (crosswise) (lengthwise)
to 10.
[0227] Moreover, the obtained phase difference plate 13 A B C  Temper- Temper-
was disposed at a position adjacently contacting a liquid (BC) (Bst) (PC)  ature  Ratio  ature  Ratio
crys.tal cellofa 11qu1d.crystal display Qeylce of an IPS mode 3 157 152 1550 280 1280 125
to visually evaluate display characteristics. As a result, the Ex 4 04 1718 65 1550 350 1270 120
display was favorable and uniform when the screen was Ex. 5 174 1842 87 1550 280 1280 1.0
viewed from the front direction, and even when viewed from Ex. 6 167 1781 65 1550 280 1280 120
the oblique directions within 80 degrees with respect to the ~ Ex.7 163 1534 56 1550 280 120 125
polar angle in all azimuth directions. As to this liquid crystal Comp. §7 1417 — 1550 230 180 120
. . . . . . Ex. 1
d1§play device, thf: contrast obt.alned by optical simulation Comp. 216 1417 — 1550 280 1780 120
using a 4x4 matrix is shown in Table 2 and the contrast Fx. 2
contour map is shown in FIG. 14. Comp. 160 1093 — 1550 280 1280 120
. Ex. 3
Comparative Examples 8 to 15 Comp. 160 1923 — 1550 280 1280  1.20

[0228] Each of the layered bodies 14 to 21 obtained in Ex. 4
Preparative Examples 14 to 21 was supplied to a tenter cross- ~ Comp-: 87 1093 — 1550 280 1280 120

wise uniaxial stretching machine and stretched in the cross- EX' > 6 1923 1550 280 180 120
. . . . QImp. B . — R . B .

wise direction at a stretching temperature of 155° C. and a Fx 6p

stretching ratio of 2.8 (first stretching step). Subsequently, Comp. 236 1781 65 1550 280 1280  1.20

each of the stretched films was supplied to a lengthwise Ex. 7

uniaxial stretching machine and stretched in the lengthwise Comp. 87 1781 65 1550 280 1280 120

direction at a stretching temperature of 128° C. and a stretch- Ex.3. <

ing ratio of 1.2 to obtain phase difference plates 14 to 21 gzrr;p. 167 227 65 1550 280180 1.20

(second stretching step). . Comp. 167 1295 65 1550 280 1280 120

[0229] In the obtained phase difference plates 14 to 21, the Ex. 10

slow axis of the resin layer (a), the slow axis of the resin layer Comp. 167 1781 13 1550 280 1280  1.20

(b), and the slow axis of the resin layer (c) were approxi- Ex. 11

mately parallel to one another. Furthermore, as to the gomlg' 167 1781 127 1550 230 180 120

. . . X.
obtained phase difference plates 14 to 21, the in-plane retar- Comp. n6 297 65 1550 280 1980 120

dation Rea and the NZ coefficient NZa of the resin layer (a), Ex. 13

the in-plane retardation Reb and the NZ coefficient NZb of Comp. 87 1295 1.5 1550 280 1280 1.0
the resin layer (b), and the in-plane retardation Rec and the Ex. 14

NZ coeflicient NZc of the resin layer (c) were measured. The
results are shown in Table 2. The obtained phase difference
plates 14 to 21 did not satisfy Formulae 5 to 10.

TABLE 2

[0230] Moreover, the obtained phase difference plates 14 to
21 were visually evaluated for their display characteristics in [In-plane retardation, NZ coefficient and contrast]

the aforementioned manner. As a result, light leaking was
observed when the screen was viewed from the oblique direc-
tions within 80 degrees with respect to the polar angle. As to

Re NZ

Layer Layer Layer Layer Layer Layer Omuni

these liquid crystal display devices, the contrasts obtained by A B C A B C  directional
optical simulation using a 4x4 matrix are shown in Table 2 (PC)  (Pst) (PC) (PC) (Pst) (PC)  contrast
and the contrast contour maps are shown in FIGS. 15 to 22. Ex 1 70 770 263 o7 150
Ex.2 44.0 70.0 — 365 -141 — >140
TABLE 1 Ex. 3 317 843 — 480 -102 — >150
Ex. 4 50.0 920 16.0 263 -0.72 2.63 >150
[Thickness and stretching conditions for each layer of the Ex.5 480 910 240 365 -141 3.67 >160
layered bodies for manufacturing a phase difference plate] Ex. 6 46.0 880 180 365 -141 3.67 >120
Ex. 7 330 1032 114 480 -1.02 4.80 >130
Raw-material Comp. 240 700 — 365 -141 — 20
thickness (um 1st stretching 2nd stretching Ex. 1
Comp. 65.0 70.0 — 365 -141 — >1
Layer Layer Layer (crosswise) (lengthwise) Ex.2
Comp. 44.0 54.0 — 365 -141 — >30
A B C Temper- Temper- Ex.3
(PC) (Pst) (PC) ature  Ratio  ature  Ratio Comp. 440 950  — 3.65 -141  — >20
Ex. 4
Ex. 1 192 1438 — 155.0 3.50 127.0 1.20 Comp. 24.0 540 — 3.65 -141 — >20
Ex. 2 160 1417 — 155.0 2.80 128.0 1.20 Ex. 5
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TABLE 2-continued

[In-plane retardation, NZ coefficient and contrast]

Re NZ
Layer Layer Layer Layer Layer Layer Omuni
A B C A B C directional
(PC) (Pst)y (PC) (PC) (Pst) (PC) contrast
Comp. 650 950 — 365 -141 — >10
Ex. 6
Comp. 65.0 880 180 365 -141 3.67 >10
Ex. 7
Comp. 24.0 880 180 365 -141 3.67 >10
Ex. 8
Comp. 460 1150 180 365 -141 3.67 >10
Ex. 9
Comp. 46.0 640 180 365 -141 3.67 >10
Ex. 10
Comp. 46.0 880 40 365 -141 3.67 >50
Ex. 11
Comp. 46.0 880 350 365 -141 3.67 >30
Ex. 12
Comp. 650 1150 180 3.65 -141 3.67 >10
Ex. 13
Comp. 24.0 640 40 365 -141 3.67 >20
Ex. 14
CONCLUSION
[0231] As shownin Table 2, by subjecting the layered body

having a certain layer configuration to the first stretching step
and the second stretching step, it is possible to manufacture
the phase difference plate in which the in-plane retardation
Rea and the NZ coefficient NZa of the resin layer (a), and the
in-plane retardation Reb and the NZ coefficient NZb of the
resin layer (b) satisfy Formulae 1 to 4, or the phase difference
plate in which the in-plane retardation Rea and the NZ coef-
ficient NZa of the resin layer (2), the in-plane retardation Reb
and the NZ coefficient NZb of the resin laver (b), and the
in-plane retardation Rec and the NZ coefficient NZc of the
resin layer (¢) satisfy Formulae S to 10. In Examples 1 to 7
which satisfy Formulae 1 to 4 or Formulae 5 to 10, large
omnidirectional contrast was observed, and it is therefrom
found out that sufficient optical compensation function is
exerted.

1. A method for manufacturing a phase difference plate,

comprising:

a step of forming a layered body including a resin layer (a)
containing a resin A having positive intrinsic birefrin-
gence and a resin layer (b) containing a resin B having
negative intrinsic birefringence, the resin layer (b) being
provided on one side of the resin layer (a);

a first stretching step of stretching the layered body in one
direction at a temperature T1; and

a second stretching step of, after the first stretching step,
stretching the layered body in another direction that is
approximately orthogonal to the previous stretching
direction at a temperature T2 which is lower than the
temperature T1 to obtain a phase difference plate,

wherein, in the phase difference plate, a slow axis of the
resin layer (a) after the stretching treatment and a slow
axis of the resin layer (b) after the stretching treatment
are approximately parallel to each other, and

wherein in-plane retardation Rea and NZ coefficient NZa
in the resin layer (a) after the stretching treatment, and
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in-plane retardation Reb and NZ coefficient NZb in the
resin layer (b) after the stretching treatment satisfy For-

mulae 1to 4:
30 nm<Req<60 nm Formula 1
2.0<NZa<50 Formula 2
60 nm<Reb<90 nm Formula 3
-2.0<NZb<-0.5 Formula 4.

2. A method for manufacturing a phase difference plate,

comprising:

a step of forming a layered body including a resin layer (a)
containing a resint A having positive intrinsic birefrin-
gence, a resin layer (b) containing a resin B having
negative intrinsic birefringence, the resin layer (b) being
provided on one side of the resin layer (a), and a resin
layer (c) containing a resin C having positive intrinsic
birefringence, the resin layer (¢) being provided on a
side of the resin layer (b) that is the opposite to the resin
layer (a);

a first stretching step of stretching the layered body in one
direction at a temperature T1; and

a second stretching step of, after the first stretching step,
stretching the layered body in another direction that is
approximately orthogonal to the previous stretching
direction at a temperature T2 which is lower than the
temperature T1 to obtain a phase difference plate,

wherein a slow axis of the resin layer (a) after the stretching
treatment is approximately parallel to each of a slow axis
of the resin layer (b) after the stretching treatment and a
slow axis of the resin layer (c) after the stretching treat-
ment in the phase difference plate, and wherein in-plane
retardation Rea and NZ coefficient NZa in the resin layer
(a) after the stretching treatment, in-plane retardation
Reb and NZ coefficient NZb in the resin layer (b) after
the stretching treatment, and in-plane retardation Rec
and NZ coefficient NZc in the resin layer (c) after the
stretching treatment satisfy Formulae 5 to 10:

30 nm<Req<60 nm Formula 5
2.0<NZa<50 Formula 6
70 nm<Reb<110 nm Formula 7
-2.0<NZb<-0.5 Formula 8
10 nm<Rec<30 nm Formula 9
2.0<NZc<5.0 Formula 10.

3. The method for manufacturing a phase difference plate
according to claim 1,

wherein a glass transition temperature Tg, of the resin A

and a glass transition temperature Tg, of the resin B
satisfy a relationship of Tg >Tgz+5°C.

4. The method for manufacturing a phase difference plate
according to claim 1, wherein a stretching ratio in the first
stretching step is 2 to 4 times, and a stretching ratio in the
second stretching step is 1.1 to 2 times.

5. The method for manufacturing a phase difference plate
according to claim 1, wherein the layered body is a lengthy
film.

6. The method for manufacturing a phase difference plate
according to claim 5, wherein the layered body is stretched in
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a crosswise direction in the first stretching step and stretched
in a lengthwise direction in the second stretching step.

7. A phase difference plate obtained by the manufacturing
method according to claim 1.

8. A liquid crystal display device comprising a pair of
polarizing plates disposed so that absorption axes are
approximately orthogonal to each other, and a liquid crystal
cell interposed between the pair of polarizing plates,

wherein the liquid crystal display device comprises the

phase difference plate according to claim 7 interposed
between the liquid crystal cell and one of the pair of the
polarizing plates.

9. The liquid crystal display device according to claim 8,
wherein the liquid crystal cell is of an in-plane switching
display mode.

10. The method for manufacturing a phase difference plate
according to claim 2,

wherein a glass transition temperature Tg, of the resin A

and a glass transition temperature Tgy of the resin B
satisfy a relationship of Tg ,>Tg,+5° C.

11. The method for manufacturing a phase difference plate
according to claim 2, wherein a stretching ratio in the first
stretching step is 2 to 4 times, and a stretching ratio in the
second stretching step is 1.1 to 2 times.
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12. The method for manufacturing a phase difference plate
according to claim 2, wherein the layered body is a lengthy
film.

13. The method for manufacturing a phase difference plate
according to claim 12, wherein the layered body is stretched
in a crosswise direction in the first stretching step and
stretched in a lengthwise direction in the second stretching
step.

14. A phase difference plate obtained by the manufacturing
method according to claim 2.

15. A liquid crystal display device comprising a pair of
polarizing plates disposed so that absorption axes are
approximately orthogonal to each other, and a liquid crystal
cell interposed between the pair of polarizing plates,

wherein the liquid crystal display device comprises the
phase difference plate according to claim 14 interposed
between the liquid crystal cell and one of the pair of the
polarizing plates.

16. The liquid crystal display device according to claim 15,
wherein the liquid crystal cell is of an in-plane switching
display mode.
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