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liquid crystal cell, a first polarizer and a second polarizer
provided on both sides of the liquid crystal cell, a first optical
compensation layer provided between the liquid crystal cell
and the first polarizer, and a second optical compensation
layer provided between the liquid crystal cell and the second
polarizer, wherein a wavelength dispersion of the liquid crys-
tal cell satisfies Re,,(450)>Re,,(550)>Re,,(650), an index
ellipsoid of the first optical compensation layer satisfies a
relationship of nx>nz>ny, and a wavelength dispersion of the
second optical compensation layer satisfies Re,,(450)ZRe,,
(550)=Re,,(650).
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LIQUID CRYSTAL PANEL, AND LIQUID
CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
panel, and a liquid crystal display.

[0002] Aliquid crystal display (hereinafter, also referred to
as “LLCD”) is a device that displays characters and images
using electro-optical characteristics of liquid crystal mol-
ecules. LCDs are widely used in portable phones, notebook
computers, liquid crystal televisions, and the like. In the
LCDs, generally used is a liquid crystal panel in which polar-
izing plates are arranged on both sides of a liquid crystal cell.
For example, in a case of the liquid crystal panel employing a
normally black system, display is black when no voltage is
applied (see, Japanese Patent Publication No. 3648240, for
example).

[0003] In a conventional liquid crystal panel, an optical
compensation layer and a polarizer are arranged in this order
on either side of the liquid crystal cell (for example, viewing
side of the liquid crystal cell). Further, on the other side of the
liquid crystal cell (for example, opposite side of the viewing
side of the liquid crystal cell), an optical compensation layer
and a polarizer are arranged in this order. The aforementioned
optical compensation layer is generally called “retardation
film” or “birefringence layer”. The optical compensation
layer is used for the purpose of an optical compensation of a
liquid crystal panel such as improvement in viewing angle
characteristics, improvement in color shift, improvement in
contrast, and the like.

[0004] In recent years, LCDs have been made highly pre-
cious, and has had a variety of applications. Therefore, it is
desired to provide LCDs realizing excellent displaying qual-
ity.

[0005] However, in conventional LCDs, there is a difficulty
in providing neutral display with no coloring in all directions,
and an improvement in this point is demanded.

SUMMARY OF THE INVENTION

[0006] Itis an object of the present invention to provide a
liquid crystal panel and a liquid crystal display capable of
achieving neutral display with substantially no coloring in all
directions.

[0007] The present invention provides a liquid crystal panel
comprising a liquid crystal cell, a first polarizer and a second
polarizer provided on both sides of the liquid crystal cell, a
first optical compensation layer provided between the liquid
crystal cell and the first polarizer, and a second optical com-
pensation layer provided between the liquid crystal cell and
the second polarizer, wherein a wavelength dispersion of the
liquid crystal cell satisfies Re,,(450)>Re,,(550)>Re,,(650),
an index ellipsoid of the first optical compensation layer
satisfies a relationship of nx>nz>ny, and a wavelength disper-
sion of the second optical compensation layer satisfies Re,,
(450)ZzRe,(550)ZRe,,(650). The Re,,(h) represents a
retardation value measured from the direction ofa polar angle
of 40° at 23° C. with light of a wavelength A nm, the nx
represents a refractive index in the direction in which the
refractive index is maximum in a plane of the optical com-
pensation layers or the liquid crystal cell (X axis direction),
the ny represents a refractive index in the direction orthogonal
to the X axis direction in the plane (Y axis direction), and the
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nz represents a refractive index in the direction orthogonal to
the X axis direction and the'Y axis direction.

[0008] Here, a retardation of a substance depends on wave-
length, and a wavelength dispersion of a retardation value can
be generally classified into following three kinds. The first
wavelength dispersion is a case where the retardation value
becomes larger as the wavelength becomes shorterin a visible
light region. The second wavelength dispersion is a case
where the retardation value little changes over the range of the
wavelength from shorter side to longer side in the visible light
region. The third wavelength dispersion is a case where the
retardation value becomes smaller as the wavelength
becomes shorter in the visible light region.

[0009] In the liquid crystal cell of the liquid crystal panel,
the wavelength dispersion satisfies Re,,(450)>Re,(550)
>Re,4(650). Therefore the liquid crystal cell has such a wave-
length dispersion that the retardation value based on Re,,
becomes larger as the wavelength becomes shorter in the
visible light region (hereinafter, referred to as “positive dis-
persion”).

[0010] A wavelength dispersion of the second optical com-
pensation layer of the liquid crystal panel satisfies Re,,(450)
ZRe,,(550)2Re,,(650). Therefore the second optical com-
pensation layer has such a wavelength dispersion that the
retardation value based on Re,, little changes over the range
from shorter wavelength side to the longer wavelength side
(hereinafter, referred to as “flat dispersion”).

[0011] In the present invention, the wavelength dispersion
is based on Re,,.

[0012] In the liquid crystal panel of the present invention,
on one side of the liquid crystal cell having positive disper-
sion, the first optical compensation layer whose index ellip-
soid satisfies the relationship of nx>nz>ny is arranged, and on
the other side of the liquid crystal cell, the second optical
compensation layer having positive dispersion or flat disper-
sion is arranged.

[0013] Such a liquid crystal panel is able to realize neutral
display with substantially no coloring in all directions.
[0014] In a preferable liquid crystal panel of the present
invention, a wavelength dispersion of the first optical com-
pensation layer satisfies 0.7<Re,(450)/Re,,(550)<1.2.
[0015] In a preferable liquid crystal panel of the present
invention, an index ellipsoid of the second optical compen-
sation layer satisfies a relationship of nxZny>nz.

[0016] In a preferable liquid crystal panel of the present
invention, an Nz coefficient of the second optical compensa-
tion layer is larger than an Nz coeflicient of the first optical
compensation layer.

[0017] 1In a preferable liquid crystal panel of the present
invention, a ratio of retardation values (Re,,(450)/Re ,,(550))
ofthe first optical compensation layer is smaller than a ratio of
retardation values (Re,,(450)/Re,,(550)) of the liquid crystal
cell.

[0018] In a preferable liquid crystal panel of the present
invention, the first optical compensation layer contains at
least one kind of polymer selected from norbornene-based
polymers, mixed polymers of a polycarbonate-based polymer
and a styrene-based polymer, cellulose-based polymers,
polyvinyl alcohol-based polymers, and polyester-based poly-
mers as a main component.

[0019] In a preferable liquid crystal panel of the present
invention, the second optical compensation layer contains at
least one kind of polymer selected from norbornene-based
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polymers, polyimide-based polymers, and polyester-based
polymers as a main component.

[0020] 1In a preferable liquid crystal panel of the present
invention, the liquid crystal cell is in a vertically aligned (VA)
mode.

[0021] Also, according to another aspect, the present inven-
tion provides a liquid crystal display.

[0022] The liquid crystal display of the present invention
has any one of the aforementioned liquid crystal panel.
[0023] Theliquid crystal panel of the present invention can
achieve neutral display with substantially no coloring in all
directions as described above. Therefore, the liquid crystal
display of the present invention having the liquid crystal panel
is excellent inuniformity ofthe display and high indisplaying

quality.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic section view showing one
example of constitution of a liquid crystal panel of the present
invention;

[0025] FIG. 2 is a schematic section view showing another
example of constitution of a liquid crystal panel of the present
invention;

[0026] FIG. 3 is a schematic section view showing one
example of constitution of a liquid crystal cell;

[0027] FIGS. 4A, 4B, and 4C are schematic section views
showing examples of constitution of a polarizing plate;
[0028] FIG. 5 is a graph showing a result of color shift of a
liquid crystal panel of Example 1;

[0029] FIG. 6 is a graph showing a result of color shift of a
liquid crystal panel of Example 2;

[0030] FIG. 7 is a graph showing a result of color shift of a
liquid crystal panel of Example 3;

[0031] FIG. 8 is a graph showing a result of color shift of a
liquid crystal panel of Example 4;

[0032] FIG.9is a graph showing a result of color shift of a
liquid crystal panel of Example 5;

[0033] FIG. 10 is a graph showing a result of color shift of
a liquid crystal panel of Example 6;

[0034] FIG. 11 is a graph showing a result of color shift of
a liquid crystal panel of Comparative Example 1; and
[0035] FIG. 12 is a graph showing a result of color shift of
a liquid crystal panel of Comparative Example 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036]

means.

The terms used hereinafter have the following

(1) Optical Compensation Layer:

[0037] “Optical compensation layer” is a film exhibiting
birefringence (anisotropy in refractive index) in the plane
and/or in the thickness direction. The optical compensation
layer includes, for example, those having in-plane birefrin-
gence index and/or birefringence index in the thickness direc-
tion at wavelength of 590 nm at 23° C. of 1x10™* or more.
(2) nx, ny, nz:

[0038] “nx”, “ny” and “nz” represent refractive indexes of
different directions one another. The nx represents a refrac-
tive index in the direction in which in-plane refractive index is
maximum (X axis direction). The ny represents a refractive
index in the direction orthogonal to the X axis direction in the
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plane (Y axis direction). The nz represents a refractive index
in the direction orthogonal to the X axis direction and Y axis
direction (7 axis direction).

[0039] Here, “nx=ny” includes not only a case where nx
and ny are completely identical, butalso a case where they are
substantially identical. The case where nx and ny are substan-
tially identical is, for example, a case that Re (590) is from 0
nm to 10 nm, preferably from 0 nm to 5 nm, and more
preferably from 0 nm to 3 nm.

[0040] “ny=nz” includes not only a case where ny and nz
are completely identical, but also a case where they are sub-
stantially identical. The case where ny and nz are substan-
tially identical is, for example, a case that Re (590)-Rth(590)
is from -10 nm to 10 nm, preferably from -5 nm to 5 nm, and
more preferably from -3 nm to 3 nm.

(3) Re(h):

[0041] “In-plane retardation value (Re()))” is a retardation
value in the plane measured at 23° C., with light of wave-
length A (nm). Concretely, “in-plane retardation value (Re
(\))” 1s a retardation value in the plane measured at 23° C.,
with light of wavelength A (nm), at polar angle of 0° (normal
direction of plane of object to be measured).

[0042] When taking a thickness of object to be measured as
d(nm), Re(\) may be determined by an expression of Re(}.)
=(nx-ny)xd.

[0043] For example, Re(590) is in-plane retardation value
measured at 23° C., with light of wavelength 590 nm.

(4) Rth():

[0044] “Retardation value in the thickness direction (Rth
(\))” is a retardation value in the thickness direction mea-
sured at 23° C., with light of wavelength A (nm). When taking
a thickness of object to be measured as d(nm), Rth(h) may be
determined by an expression of Rth().)=(nx-nz)xd.

[0045] For example, Rth(590) is a retardation value in the
thickness direction measured at 23° C., with light of wave-
length 590 nm.

(5) Re,o(M):

[0046] “Retardation value at polar angle of 40° (Re,,(A))”
represents a retardation value measured at 23° C., with light
of wavelength A (num) from the direction of polar angle of 40°
(direction inclined by 40° from normal direction of a plane of
object to be measured).

[0047] For example, Re,,(450) is a retardation value mea-
sured at 23° C., with light of wavelength 450 nm from the
direction of polar angle of 40°.

(6) Nz Coefficient:

[0048] “Nz coefficient” is a value calculated by an expres-
sion of Rth(A)/Re()). In the present invention, an Nz coeffi-
cient is calculated by an expression of Rth(590)/Re(590)
based on 590 nm. The meanings of Rth(590) and Re(590) are
as described above.

(7) Orthogonal and Parallel:

[0049] “Orthogonal” includes a case where the angle made
by two optical axes is 90°+2° and preferably 90°£1°. “Paral-
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lel” includes a case where the angle made by two optical axes
is 0°+2° and preferably 0°+1°.

(8) Polymer:

[0050] “Polymer” includes a high polymer having degree
of polymerization (total degree of polymerization of each
constituent unit when the polymer includes a plurality of
constituent units) of 20 or more, and a low polymer having
degree of polymerization of 2 or more and less than 20 (also
referred to as oligomer).

[Outline of Liquid Crystal Panel of the Present Invention]

[0051] A liquid crystal panel of the present invention com-
prises a liquid crystal cell, a first polarizer and a second
polarizer provided on both sides of the liquid crystal cell, a
first optical compensation layer provided between the liquid
crystal cell and the first polarizer, and a second optical com-
pensation layer provided between the liquid crystal cell and
the second polarizer.

[0052] A wavelength dispersion of the liquid crystal cell
satisfies Re,,(450)>Re,,(550)>Re,(650), therefore the lig-
uid crystal cell has positive dispersion.

[0053] An index ellipsoid of the first optical compensation
layer satisfies a relationship of nx>nz>ny,

[0054] Preferably, a wavelength dispersion of the first opti-
cal compensation layer satisfies 0.7<Re,,(450)/Re,,(550)<1.
2.

[0055] The second optical compensation layer satisfies
Re,,(450)ZRe,,(550)ZRe,((650), therefore the second
optical compensation layer has positive dispersion or flat
dispersion.

[0056] Preferably, an index ellipsoid of the second optical
compensation layer satisfies a relationship of nxZny>nz.

[Constitution Example of Liquid Crystal Panel]

[0057] FIG. 1 shows one example of a constitution of a
liquid crystal panel of the present invention. For facilitation of
understanding, size, proportion, and the like of each constitu-
ent member is different from the actual size (ditto with other
drawings).

[0058] As shown in FIG. 1, a liquid crystal panel 10 has a
liquid crystal cell 13, a first polarizing plate 14a, a second
polarizing plate 145, a first optical compensation layer 11a,
and a second optical compensation layer 115. The first polar-
izing plate 14a is arranged, for example, on the viewing side
of the liquid crystal cell 13. The second polarizing plate 145
is arranged, for example, on the opposite viewing side of the
liquid crystal cell 13. The first optical compensation layer 11a
is arranged between the liquid crystal cell 13 and the first
polarizing plate 14a. The second optical compensation layer
1154 is arranged between the liquid crystal cell 13 and the
second polarizing plate 145.

[0059] The first polarizing plate 14a and the second polar-
izing plate 145 include a polarizer, and a protective layer as
necessary. As the protective layer, isotropic film having excel-
lent transparency is generally used. The first optical compen-
sation layer 11a or the second optical compensation layer 115
may be directly adhered to the polarizer. In this case, the first
and the second optical compensation layers 11a, 115 also
function as protective layers of the polarizer.

[0060] The first polarizing plate 14a and the second polar-
izing plate 145 are generally arranged so that the direction of
absorption axis of the first polarizing plate (first polarizer)
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14a and the direction of absorption axis of the second polar-
izing plate (second polarizer) 145 are orthogonal to each
other.

[0061] Preferably, the first optical compensation layer 11a
is arranged so that the direction of absorption axis of the first
polarizing plate (first polarizer) 14 and the direction of slow
axis of'the first optical compensation layer 11a are orthogonal
to each other.

[0062] Preferably, the second optical compensation layer
115 is arranged so that the direction of absorption axis of the
second polarizing plate (second polarizer) 145 and the direc-
tion of slow axis of the second optical compensation layer 115
are orthogonal to each other.

[0063] FIG. 2 shows another example of a constitution of a
liquid crystal panel of the present invention.

[0064] As aliquid crystal panel 10 shown 1n FIG. 2, a first
polarizing plate 14a is arranged on the opposite viewing side
of aliquid crystal cell 13 and a second polarizing plate 145 is
arranged on the viewing side of the liquid crystal cell 13. A
first optical compensation layer 11a is arranged between the
liquid crystal cell 13 and the first polarizing plate 14a. A
second optical compensation layer 115 is arranged between
the liquid crystal cell 13 and the second polarizing plate 144.
[0065] The liquid crystal panel 10 of the present invention
may be provided with an optical compensation layer (not
illustrated) other than the first optical compensation layer 11a
between the liquid crystal cell 13 and the first polarizing plate
14a. This another optical compensation layer may be
arranged between the first optical compensation layer 11a
and the liquid crystal cell 13, or may be arranged between the
first optical compensation layer 11a and the first polarizing
plate 14a.

[0066] Theliquid crystal panel of the present invention may
be provided with an optical compensation layer (not illus-
trated) other than the second optical compensation layer 115
between the liquid crystal cell 13 and the second polarizing
plate 14b. This another optical compensation layer may be
arranged between the second optical compensation layer 116
and the liquid crystal cell 13, or may be arranged between the
second optical compensation layer 116 and the second polar-
izing plate 145.

[0067] Each of the optical compensation layers may be
formed of a single layer, or a film having a multilayer struc-
ture of two or more layers.

[0068] Between these constituent members (optical mem-
bers) of the liquid crystal panel, an arbitrary adhesive layer or
an arbitrary optical member (preferably, a film exhibiting
isotropy (an index ellipsoid of the film satisfies a relationship
of nx=ny=nz), or the like) may be arranged.

[Liquid Crystal Cell]

[0069] As theliquid crystal cell of the present invention, for
example, an active matrix type using a thin film transistor and
the like may be exemplified. In addition, as the liquid crystal
cell, a simple matrix type as is employed in a super-twisted
nematic liquid crystal display may be used.

[0070] 1In the liquid crystal cell, a liquid crystal layer is
generally formed by a pair of substrates.

[0071] FIG. 3 shows one example of a constitution of the
liquid crystal cell.

[0072] AsshowninFIG. 3, aliquid crystal cell 13 is formed
with a space by a spacer 133 being interposed between a pair
of substrates 132« and 1325. In this space, a liquid crystal
layer 131 enclosing liquid crystal molecules is provided.
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Although not particularly illustrated, one of the pair of sub-
strates (active matrix substrate) is provided with, for example,
a switching element (for example, TFT) that controls electro-
optical characteristics of the liquid crystal, and a scanning
line for supplying the switching element with a gate signal.
The other of the pair of substrates is provided with, for
example, a color filter.

[0073] Thecolor filter may be provided to the active matrix
substrate. Alternatively, when a tricolor light source of RGB
is used as an illuminating means for a liquid crystal display
(field sequential system), for example, the color filter may be
omitted. An interval between the pair of substrates (cell gap)
is controlled, for example, by a spacer. The cell gap ranges,
for example, from 1.0 umto 7.0 um. An orientation film made,
for exaniple, of polyimide, is provided to the side where each
substrate contacts with the liquid crystal layer. Further, the
orientation film may be omitted, for example, in a case where
initial orientation of liquid crystal molecules is controlled by
utilizing fringe field formed by a pattered transparent sub-
strate.

[0074] A wavelength dispersion of the liquid crystal cell
satisfies Re,,(450)>Re,(550)>Re,(650). This is a liquid
crystal cell having positive dispersion.

[0075] A ratio of retardation values (Re,,(M)) of the liquid
crystal cell (ratio of Re,, between a wavelength of 450 nm
and a wavelength of 550 nm) is preferably 1.0<Re,,(450)/
Re,,(550)<1.1, and more preferably 1.02<Re,,(450)/Re,,
(550)<1.08. Further, a ratio of retardation values (Re,, (1)) of
the liquid crystal cell (ratio of Re,, between a wavelength of
550 nm and a wavelength of 650 nm) is preferably 0.9<Re,,,
(650)/Re,(550)<1.0, and more preferably 0.92<Re,,(650)/
Re,,(550)<0.98. By providing such a liquid crystal cell in
which wavelength dispersion is not relatively acute, with the
first and the second optical compensation layers, it is possible
to greatly suppress light leakage in all directions.

[0076] In the liquid crystal cell, an index ellipsoid thereof
preferably satisfies a relationship of nx=ny<nz. As the liquid
crystal cell having an index ellipsoid satisfying a relationship
of nx=ny<nz, a vertically aligned (VA) mode, a twisted-nem-
atic (TN) mode, a vertically-aligned electric field control
birefringence (ECB) mode, an optical compensation birefrin-
gence (OCB)mode, and the like can be exemplified according
to a classification of a liquid crystalline orientation mode. In
the present invention, the liquid crystalline orientation mode
of the liquid crystal cell is preferably the vertically aligned
(VA) mode.

[0077] In a condition where electric field is absent, Rth
(590) of the liquid crystal cell is preferably from -500 nm to
-200 nm, and more preferably from =400 nm to =200 nm. The
Rth(590) may be appropriately set by adjusting kinds of lig-
uid crystal molecules and/or cell gap of the liquid crystal cell.
[0078] The liquid crystal cell of the VA mode utilizes a
voltage control birefringence effect. Such the liquid crystal
cell of the VA mode makes liquid crystal molecules oriented
in homeotropic alignment in the absence of electric field,
respond to electric field in the normal direction to the sub-
strates. Concretely, when the liquid crystal cell operates
according to a normally black system, liquid crystal mol-
ecules are oriented in the normal direction to the substrates in
the absence of electric field. Since polarizing plates are
arranged on both sides of the liquid crystal cell in the form of
crossed nicols, straight polarized light fails to transmit a
polarizer of the viewing side, so that a screen displays in
black. On the other hand, in the presence of electric field, the
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liquid crystal cell operates so that the liquid crystal molecules
are inclined at an azimuth of 45° with respect to the absorp-
tion axis of the polarizing plates. Therefore, the transmittance
is increased, and straight polarized light transmits the polar-
izer on the viewing side, so that the screen displays in white.
As for operation of the liquid crystal cell of VA mode, con-
crete disclosures are found, for example, in Japanese Patent
Application Laid-Open Publication No. S62-210423, Japa-
nese Patent Application Laid-Open Publication No.
H4-153621, and the like.

[0079] Theliquid crystal cells of the VA mode may be those
that are multi domains as described in Japanese Patent Appli-
cation Laid-Open Publication No. H11-258605. Examples of
such the liquid crystal cell include “ASV (Advanced Super
View) mode” (trade name) manufactured by Sharp Corpora-
tion, “CPA (Continuous Pinwheel Alignment) mode” (trade
name) manufactured by Sharp Corporation, “MVA (Multi-
domain Vertical Alignment) mode” (trade name) manufac-
tured by Fujitsu Ltd., “PVA (Patterned Vertical Alignment)
mode” (trade name) manufactured by Samsung Electronics
Co., Ltd., “EVA (Enhanced Vertical Alignment) mode” (trade
name) manufactured by Samsung Electronics Co., Ltd.,
“SURVIVAL (Super Ranged Viewing Vertical Alignment)
mode” (trade name) manufactured by Sanyo Electric Co.,
Ltd., and the like.

[0080] In addition, as a liquid crystal panel of the present
invention, for example, a liquid crystal cell installed in a
commercially available liquid crystal display may be used as
it is. Examples of commercially available liquid crystal dis-
play equipped with the liquid crystal cell of the VA mode
include a liquid crystal TV manufactured by Sharp Corpora-
tion under the trade name of “AQUOS series”, a liquid crystal
TV manufactured by Sony Corporation under the trade name
of “BRAVIA series”, a 32V-inch wide model liquid crystal
TV manufactured by Samsung Electronics Co., Ltd. under the
trade name of “LLN32R51B”, a liquid crystal TV manufac-
tured by Nanao Corporation under the trade name of “FORIS
SC26XD17, a liquid crystal TV manufactured by AU Optron-
ics Corporation under the trade name of “T460HW01”, and
the like.

(First Optical Compensation Layer)

[0081] The first optical compensation layer has an index
ellipsoid satisfying a relationship of nx>nz>ny.

[0082] A ratio of retardation values of'the first optical com-
pensation layer (ratio of Re,,, between a wavelength of 450
nm and a wavelength of 550 nm) is preferably 0.7<Re,,(450)/
Re,,(550)<1.2.

[0083] Further, the ratio of retardation values of the firs
optical compensation layer is more preferably 0.75<Re,,
(450)/Re,(550)<1.15 and particularly preferably 0.80<Reyy,
(450)/Re,(550)<1.10.

[0084] The ratio of retardation values (Re,,(450)/Re,,
(550)) of the first optical compensation layer is preferably
smaller than a ratio of retardation values (Re,,(450)/Re,,
(550)) of a liquid crystal cell.

[0085] Also, A ratio of retardation values of the first optical
compensation layer (ratio of Re,, between a wavelength of
650 nm and a wavelength of 550 nm) is preferably 0.8<Re,,
(650)/Re,(550)<1.3, and more preferably 0.9<Re,,(650)/
Re,,(550)<1.2.

[0086] Here, an optical compensation layer having reverse
dispersion can be defined by Re,,(450)/Re,,(550)<0.97. Fur-
ther, an optical compensation layer having flat dispersion can
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be defined by 0.97=Re,,(450)/Re,,(550)<1.05. An optical
compensation layer having positive dispersion can be defined
by 1.05<Re,,(450)/Re,,(550).

[0087] As the first optical compensation layer, the optical
compensation layer having positive dispersion or a optical
compensation layer having flat dispersion is preferably used,
and more preferably the optical compensation layer having
flat dispersion is used.

[0088] An Nz coefficient of the first optical compensation
layer is preferably from 0.1 to 0.9, and more preferably from
0.2 to 0.8, and particularly preferably from 0.3 to 0.7.
[0089] Further, the Nz coefficient of the first optical com-
pensation layer is preferably smaller than an Nz coefficient of
a second optical compensation layer.

[0090] Each of the first optical compensation layer may be
formed of a single layer, or a laminate body having multi-
player structure of two or more layers. A thickness of the first
optical compensation layer is, for example, from 0.5 pm to
200 pm. Transmittance (T(590)) of the first optical compen-
sation layer is preferably 90% or more.

[0091] The first optical compensation layer may be formed
of any arbitrary materials and by any arbitrary forming
method as far as the first optical compensation layer has the
wavelength dispersion and the index ellipsoid as described
above.

[0092] Re(590) of the first optical compensation layer is,
for example, 10 nm or more, and preferably from 10 nm to
600 nm. Further, Rth(590) of the first optical compensation
layer 1s, for example, 10 nm or more, and preferably from 30
nm to 400 nm.

[0093] Theindex ellipsoid of the first optical compensation
layer satisfies a relationship of nx>nz>ny, therefore Rth(590)
is smaller than Re (590). In this case, difference (Re(590)-Rth
(590)) between Re(590) and Rth(590) is, for example, from
10 nm to 500 nm, and preferably from 20 nm to 300 nm.
[0094] As the first optical compensation layer whose index
ellipsoid satisfies a relationship of nx>nz>ny, a polymer film
(retardation film) having a refractive index controlled in the
thickness direction, an oriented film of a liquid crystal poly-
metr, and the like may be used.

[0095] As for polymers that form the polymer film, for
example, a polycarbonate-based; a styrene-based; a polyole-
fin-based such as polypropylene; a polyester-based such as
polyethylene terephthalate, and polyethylene naphthalate; a
norbornene-based; a polyvinyl alcohol-based; a polyvinyl
butyral-based; an acrylate-based such as polyhydroxyethyl
acrylate; a cellulose-based such as hydroxyethyl cellulose,
methylcellulose, and triacetyl cellulose; a polyarylate-based;
a polysulfone-based; a polyamide-based; a polyimide-based,
a polyvinyl chloride-based; a polymer made of polymeriza-
tion of these; a mixed polymer of these polymers, and the like
may be used. Preferably, the polymer film contains at least
one kind of polymer selected from norbornene-based poly-
mers, mixed polymers of a polycarbonate-based polymer and
a styrene-based polymer, cellulose-based polymers, polyvi-
nyl alcohol-based polymers, and polyester-based polymers as
amain component.

[0096] Here, the norbornene-based polymer is a (co)poly-
mer obtained by using a norbornene-based monomer having
anorbornene ring as a part or the whole of a starting material
(monomer). The term “(co)polymer” represents homopoly-
mer or copolymer.

[0097] As for the norbornene-based polymer, the nor-
bornene-based monomer having a norbornene ring (having
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double bond in norbornane ring) is used as a starting material.
The norbornene-based polymer may have the norbornane
ring or may not have the norbornane ring as a constituent unit
in (co)polymer state. Examples of the norbornene-based
polymer having the norbornane ring as a constituent unit in
(co)polymer state include tetracyclo[4.4.1%°.171%.0] deca-3-
ene, 8-methyltetracyclo[4.4.1%°.171° 0] deca-3-ene, 8-meth-
oxycarbonyltettacyclo[4.4.12°.177.0] deca-3-ene, and the
like. Examples of the norbornene-based polymer not having
the norbornane ring as a constituent unit in (co)polymer state
include a (co)polymer obtained by using a monomer that
becomes 5-membered ring as a result of cleavage. Examples
of the monomer that becomes 5-membered ring as a result of
cleavage include such as norbornene, dicyclopentadiene,
S-phenylnorbornene and derivatives thereof. When the nor-
bornene-based polymer is a copolymer, alignment state of the
molecules is not particularly limited, and it may be a random
copolymer, a block copolymer or a graft copolymer.

[0098] As for the retardation film containing a norbornene-
based polymer, for example, a commercially available film
may be used. Alternatively, the commercially available film
may be used after being subjected to secondary process such
as at least one of stretching process or contraction process.
Examples of the commercially available film include
“ARTON series (ARTON F, ARTON FX, ARTON D)” (trade
name) manufactured by JSR Corporation, “ZEONOR series
(ZEONOR ZF14, ZEONOR 7ZF15, ZEONOR ZF16)” (trade
name) manufactured by Optes Inc., and the like.

[0099] The norbornene-based polymer is characterized by
a small absolute value of the photoelastic coefficient (C[A].
The A represents a wavelength). An absolute value of the
photoelastic coefficient (C[590]) of the norbornene-based
polymer preferably ranges from 1x107*2 m*N to 1x107!
m*/N.

[0100] The term photoelastic coefficient means the likeli-
hood of occurrence of birefringence when internal stress is
generated by application of external force on a film. The
photoelastic coefficient may be determined, for example, by
measuring an in-plane retardation value of the film with light
having a wavelength of 590 nm by using a spectroscopic
ellipsometer “M-220" (product name) available from Jasco
Corporation, under application of stress at 23° C. on a test
piece of 2 emx 10 cm, and calculating from the inclination of
a function of the retardation value and stress.

[0101] The mixed polymer of a polycarbonate-based poly-
mer and a styrene-based polymer is a polymer obtained by
mixing predetermined amounts of a polycarbonate-based
polymer and a styrene-based polymer. The content of the
styrene-based polymer in this mixed polymer is preferably
from 10 to 40 parts by mass, more preferably from 20 to 40
parts by mass, and particularly preferably from 22 to 38 parts
by mass, relative to 100 parts by mass of total solids. When the
content of the styrene-based polymer is in this range, a poly-
mer film satisfying a relationship of nx>nz>ny which hardly
causes variation or unevenness in retardation values can be
obtained.

[0102] Thestyrene-based polymeris a polymer obtained by
polymerizing styrene-based monomers by an arbitrary appro-
priate method. Concrete examples of the styrene-based
monomer include styrene, o-methylstyrene, 2,4-dimethyl-
styrene, and the like.

[0103] The weight-average molecular weight of the sty-
rene-based polymer (in terms of polystyrene measured by a
GPC method using tetrahydrofuran as a developing solvent)



US 2009/0128759 A1

is preferably less than 20,000, more preferably from 1,000 to
10,000, particularly preferably from 1,000 to 6,000, and most
preferably from 1,000 to 3,000. When the weight-average
molecular weight of the styrene-based polymer is in this
range, the styrene-based polymer and the polycarbonate-
based polymer are uniformly mixed, and therefore a polymer
film having high transparency can be obtained.

[0104] As the polycarbonate-based polymer. aromatic
polycarbonate containing an aromatic bivalent phenol com-
ponent and a carbonate component is preferred. Aromatic
polycarbonate is generally obtained by reaction between an
aromatic bivalent phenol compound and a carbonate precut-
SOr.

[0105] Concretely, the above aromatic polycarbonate may
be obtained, for example, by a phosgene method in which
phosgene is blown into an aromatic bivalent phenol com-
pound in the presence of caustic alkali and a solvent, or by an
ester exchange method in which ester exchange is carried out
between an aromatic bivalent phenol compound and bis-aryl
carbonate in the presence of a catalyst.

[0106] Concrete examples of the aromatic bivalent phenol
compound include

[0107] 2,2-bis(4-hydroxyphenyl)propane,
[0108] 2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane,
[0109] bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydrox-

yphenyl)ethane,

[0110] 2,2-bis(4-hydroxyphenyl)butane,

[0111] 2,2-bis(4-hydroxy-3,5-dimethylphenyl)butane,
[0112] 2,2-bis(4-hydroxy-3,5-dipropylphenyl)propane,
[0113] 1,1-bis(4-hydroxyphenyl)cyclohexane,

[0114] 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclo-

hexane, or the like. Concrete examples of the carbonate
precursor include phosgene, diphenylcarbonate, di-p-
tolylcarbonate, phenyl-p-tolylcarbonate, di-p-chlorophe-
nyl carbonate, dinaphthylcarbonate, or the like.
[0115] The weight-average molecular weight of the poly-
carbonate-based polymer (in terms of polystyrene measured
by a GPC method using tetrahydrofuran as a developing
solvent) is preferably from 25,000 to 200,000, more prefer-
ably from 30,000 to 150,000, particularly preferably from
40,000 to 100,000, and most preferably from 50,000 to
80,000. When the weight-average molecular weight of the
polycarbonate-based polymer is in this range, a polymer film
having excellent mechanical strength can be obtained.
[0116] By conducting atreatment for controlling the refrac-
tive index in the thickness direction of the polymer film,
namely for making the refractive index nz in the thickness
direction be larger than the in-plane minimum refractive
index ny, it is possible to obtain a polymer film whose index
ellipsoid satisfies a relationship of nx>nz>ny.
[0117] As a method of controlling the refractive index in
the thickness direction, for example, (1) a method of stretch-
ing a polymer film biaxially in the planar direction, (2) a
method of stretching a polymer film uniaxially or biaxially in
the planar direction, and stretching also in the thickness direc-
tion, and (3) a method of adhering a heat-shrinkable film to a
polymer film, and making the heat-shrinkable film shrink,
thereby stretching or/and shrinking the polymer film in the
thickness direction can be recited.
[0118] Preferably, the method of controlling the refractive
index in the thickness direction is the above method (3).
[0119] Concretely, in the above method (3), a heat-shrink-
able film is adhered on either or both surface(s) of a polymer
film, and then these are heated. The heat-shrinkable film
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shrinks by heating, and by the action of the shrinking force,
the polymer film is stretched in the thickness direction. By
stretching the polymer film in the thickness direction in the
manner as described above, it is possible to obtain a polymer
film whose refractive index is controlled in the thickness
direction. In the case of this method, a thickness of the used
polymer film is preferably about from 10 pm to 500 pm
although it is appropriately selected depending on the retar-
dation value to be designed.

[0120] As the heat-shrinkable film, for example, a biaxially
stretched film, a uniaxially stretched film, and the like may be
used. Examples of the material forming the heat-shrinkable
film include, but are not limited to, polyester, polystyrene,
polyethylene, polypropylene, polyvinyl chloride, polyvi-
nylidene chloride, or the like. From the viewpoint of excel-
lence in shrink uniformity and heat resistance, a biaxially
stretched polypropylene film is preferably used as the heat-
shrinkable film.

(Second Optical Compensation Layer)

[0121] A wavelength dispersion of the second optical com-
pensation layer satisfies Re,,(450)ZRe,,(550)=Re,,(650).
This is the optical compensation layer having positive disper-
sion or flat dispersion.

[0122] A ratio of Re,,(R) of retardation values of the sec-
ond optical compensation layer (ratio of Re,, between a
wavelength of 450 nm and a wavelength of 550 nm) is pref-
erably 1.0=Re,,(450)/Re,,(550)<1.2, and more preferably
1.00<Re,,(450)/Re,(550)<1.15. Further, a ratio of Re,,(A)
of retardation values of the second optical compensation layer
(ratio of Re,, between a wavelength of 650 nm and a wave-
length of 550 nm) is preferably 0.9<Re,(650)/Re,,(550)=1.
0, and more preferably 0.92<Re,(650)/Re,(550)<1.00.
[0123] The second optical compensation layer preferably
has an index ellipsoid satisfying a relationship of nxZny>nz.
Here, the relationship of nx=ny>nz means a relationship of
nx=ny>nz or a relation ship of nx>ny>nz. Particularly, the
second optical compensation layer preferably satisfies the
relationship of nx=ny>nz.

[0124] In a case where the second optical compensation
layer has the index ellipsoid satisfying the relationship of
nx>ny>nz. An Nz coefficient of the second optical compen-
sation layer is preferably from 1.1 to 200, and more preferably
from 1.1 to 100.

[0125] The Nz coefficient of the second optical compensa-
tion layer is preferably larger than the Nz coefficient of the
first optical compensation layer.

[0126] The second optical compensation layer may be
formed of a single layer, or a laminate body having plural
layers. A thickness of the second optical compensation layer
is, for example, from 0.5 um to 200 um. Transmittance
(T(590)) of the second optical compensation layer is prefer-
ably 90% or more.

[0127] In a case where the second optical compensation
layer has the index ellipsoid satisfying the relationship of
nx=ny>nz, Re(590) of the second optical compensation layer
is, for example, less than 10 nm, preferably 5 nm or less, and
more preferably 3 nm or less.

[0128] In a case where the second optical compensation
layer has the index ellipsoid satisfying the relationship of
nx>ny>nz, Re(590) of the second optical compensation layer
is, for example, from 5 nm to 200 nm, and preferably from 30
nm to 130 nm.
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[0129] Rth(590) of the second optical compensation layer
may be appropriately set, for example, by adjusting the retar-
dation value in the thickness direction of the liquid crystal cell
and the like. Rth(590) of the second optical compensation
layer is, forexample, from 100nm to 400 nm, preferably from
120nm to 350 nm, and particularly preferably from 150 nm to
300 nm.

[0130] As the second optical compensation layer, for
example, a polymer film containing a non-liquid-crystalline
polymer (retardation film) is used. Such a non-liquid-crystal-
line polymer forms a film exhibiting optical uniaxially of
nx>nz orny=nzby its own property irrespective of orientation
of a substrate.

[0131] As the non-liquid crystalline polymer, for example,
a polyamide-based, a polyimide-based, a polyester-based, a
polyetherketone-based, a polyamideimide-based, a cellu-
lose-based, and a polyesteramide-based polymer is prefer-
able. A retardation film formed from these polymers has
excellent heat resistance, chemical resistance, transparency,
and rich stiffness. These polymers are concretely descried, for
example, in paragraphs from [0018] to [0072] of Japanese
Patent Application Laid-open Publication No. 2004-46065.
In a case where the polymer is formed into a film form by a
solvent casting method, molecules thereof are spontaneously
aligned with ease in a step in which a solvent vaporizes.
Therefore, a polymer film satisfying a relationship of
nx=ny>nz is easily formed by using the polymer. Further, a
polymer film satisfying a relationship of nx>ny>nz is
obtained by stretching the polymer film satisfying a relation-
ship of nx=ny>nz uniaxially or biaxially.

[0132] Also, for example, a polymer film satisfying a rela-
tionship of nxZny>nz is obtained by streiching the nor-
bornene-based film uniaxially or biaxially.

[0133] Preferably, the second optical compensation layer
contains at least one kind of polymer selected from nor-
bornene-based polymers, polyimide-based polymers, and
polyester-based polymers as a main component.

[0134] The polymer film used as the second optical com-
pensation layer may contain any appropriate additive. The
additive includes, for example, a plasticizer, a heat stabilizer,
alight stabilizer, a lubricant, an antioxidant, a UV absorber, a
flame retardant, a colorant, an antistat, a compatibilizer, a
cross-linker, a thickener, and the like. Content of the additive
is preferably more than 0 and 10 or less parts by mass, relative
to 100 parts by mass of the polymer which is a main compo-
nent. Retardation films used as the first optical compensation
layer may also contain any appropriate additive.

[Polarizing Plate]

[0135] Inthe liquid crystal panel of the present invention, it
is preferable that the first polarizing plate and the second
polarizing plate are arranged in such a positional relation that
their absorption axes are orthogonal to each other. As
described above, the first polarizing plate includes the first
polarizer, and the second polarizing plate includes the second
polarizer. Further, the first and the second polarizing plates
include a protective layer as necessary.

[0136] FIGS. 4A, 4B, and 4C show a constitution example
of a first and a second polarizing plates, respectively.

[0137] Ina polarizing plate 14 shown in FIG. 4A, a protec-
tive layer 142 is laminated on both sides ofa polarizer 141. In
a polarizing plate 14 shown in FIG. 4B, a protective layer 142
is laminated on one side of a polarizer 141. A polarizing plate
shown in FIG. 4C is made of only a polarizer 141. In the cases
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of FIGS. 4B and 4C, an optical members such as a first and a
second optical compensation layers and the like also function
as protective layers. Thicknesses of the first and the second
polarizing plates are, for example, from 10 pm to 300 um.
[0138] Transmittance of the first and the second polarizing
plates ranges, for example, from 30% to 50%, preferably
from 35% to 45%, and more preferably from 38% to 44%.
Polarization degree of the first and the second polarizing plate
is, for example, 99% or more, preferably 99.5% or more, and
more preferably 99.8% or more. The polarization degree can
be measured, for example, by using a spectrophotometer
(trade name “DOT-3” manufactured by Murakami Color
Research Laboratory Co., Ltd.).

[Polarizer]

[0139] The first and the second polarizers can be obtained,
for example, by stretching a polymer film comprising a poly-
vinylalcohol-based polymer containing iodine. Content of
iodine of the first and the second polarizers is, for example,
from 1.8% to 5.0% by mass, and preferably from 2.0% to
4.0% by mass. The first and the second polarizers preferably
contain potassium as well as iodine. Content of the potassium
is, for example, from 0.2% to 1.0% by mass, and preferably
from 0.3% to 0.9% by mass. The first and the second polar-
izers preferably contain boron as well as iodine. Content of
the boron is, for example, from 0.5% to 3.0% by mass, and
preferably from 1.0% to 2.8% by mass.

[0140] The polyvinyl alcohol-based polymer can be
obtained, for example, by saponificating a vinyl ester-based
polymer obtainable by polymerization of a vinyl ester-based
monomer. Degree of saponification of the polyvinyl alcohol-
based polymer is preferably from 95.0% to 99.9% by mol.
Average degree of polymerization of the polyvinyl alcohol-
based polymer preferably ranges from 1,200 to 3,600. The
average degree of polymerization may be determined, for
example, according to JIS K6726 (1994).

[0141] As for the polymer film comprising the polyvinyl
alcohol-based polymer, for example, a commercially avail-
able film may be used as it is. The commercially available
polymer film includes, for example, “KURARAY vinylon
film” (trade name) manufactured by Kuraray Co., Ltd.,
“TOHCELLO vinylon film” (trade name) manufactured by
Toheello Co., Ltd., “NICHIGO vinylon film” (trade name)
manufactured by Nippon Synthetic Chemical Industry Co.,
Ltd., and the like.

[Protective Layer|

[0142] The above protective layer is preferably transparent
and colorless. In-plane retardation value (Re (550)) of the
protective layer is, for example, from 0 nm to 10 nm, prefer-
ably from 0 nm to 6 nm, and particularly preferably from 0 nm
to 3 nm. A retardation value (Rth (550)) in the thickness
direction of the protective layer is, for example, from 0 nm to
20 nm, preferably from 0 nm to 10 nm, and particularly
preferably from 0 nm to 6 nm.

[0143] A thickness of the protective layer is, for example,
from 20 pm to 200 pm, and preferably from 30 pm to 100 pum.
[0144] As the protective layer, for example, a cellulose-
based film is used. Generally. as the protective layer, a tri-
acetyl cellulose (TAC) film is used.

[0145] As theprotective layer, for example, a commercially
available polymer film being subjected to surface treatment
can be used as it is. As the surface treatment, a diffusion
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treatment, an antireflection treatment, a hard coating treat-
ment, an antistatic treatment, and the like can be exemplified.
[0146] Examples of the commercially available polymer
films being subjected to the diffusion treatment (antiglare
treatment) include “AG150, AGS1, AGS2” (trade name) and
the like manufactured by Nitto Denko Corporation. Examples
of the commercially available polymer films being subjected
to the antireflection treatment include “ARS, ARC” (trade
name) and the like manufactured by Nitto Denko Corpora-
tion. Examples of the commercially available polymer films
being subjected to the hard coating treatment and the anti-
static treatment include “KC8UX-HA” (trade name) and the
like manufactured by Konica Minolta Holdings, Inc.
Fxamples of the commercially available polymer films being
subjected to the antireflection treatment include “ReoLook
series” (trade name) manufactured by NOF Corporation, and
the like.

[Adhesive Layer of Optical Member]

[0147] Lamination layer of optical members such as the
first polarizing plate and the first optical compensation layer
are achieved, for example, via an adhesive layer.

[0148] As a material that forms the adhesive layer, conven-
tionally known adhesives, pressure-sensitive adhesives,
anchor coating agents, and the like may be exemplified. The
adhesive layer may be a multilayer structure in which an
anchor coating layer is formed on a surface of an adhesive
body, and the adhesive layer is formed thereon. Further, the
adhesive layer may be a thin layer (also called “hairline™) that
is unrecognizable by human eyes.

[0149] Itispreferable thatan adhesion surface of the optical
member is subjected to easy adhesion treatment. The easy
adhesion treatment is preferably conducted, for example, by
applying a polymer material on the adhesion surface. As the
polymer material, for example, a silicone-based polymer, a
urethane-based polymer, an acryl-based polymer, and the like
is preferable. An easy adhesion layer is formed on the adhe-
sion surface by conducting the easy adhesion treatment. A
thickness of the easy adhesion layer is preferably from 5 nm
to 100 nm, and more preferably from 10 nm to 80 nm.
[0150] The adhesive layer may be provided on both or
either of the optical members to be adhered to each other.
[0151] When the pressure-sensitive adhesive is used as the
adhesive layer, a solvent-type pressure-sensitive adhesive, a
non-aqueous emulsion type pressure-sensitive adhesive, an
aqueous pressure-sensitive adhesive, a hot-melt pressure-
sensitive adhesive, and the like may be exemplified as the
pressure-sensitive adhesive. A thickness of the adhesive layer
composed of the pressure-sensitive adhesive is, for example,
from 1 um to 100 um, and preferably from 3 um to 50 um.
[0152] When the adhesive is used as the adhesive layer, for
example, a water-soluble adhesive, an emulsion-type adhe-
sive, a latex-type adhesive, a mastic adhesive, a multilayer
adhesive, a paste-form adhesive, a foam-type adhesive, a
supported film adhesive, a thermoplastic adhesive, a heat
fusion adhesive, a heat solidification adhesive, a hot-melt
adhesive, a heat active adhesive, a heat-seal adhesive, a ther-
mosettable adhesive, a contact-type adhesive, a pressure sen-
sitive type adhesive, a polymerization type adhesive, a sol-
vent-type adhesive, a solvent active adhesive, and the like can
be exemplified as the adhesive. A thickness of the adhesive
layer composed of the adhesive is, for example, from 0.01 pm
to 0.15 pm, and preferably from 0.02 pm to 0.12 pm.

[Liquid Crystal Display]

[0153] The liquid crystal display of the present invention
has the liquid crystal panel of the present invention. The
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liquid crystal display of the present invention may be of the
same structure as a conventional liquid crystal display except
that the liquid crystal panel of the present invention is
included. The liquid crystal display of the present invention
may be a transmissive type in which a screen is viewed by
irradiating a light from the opposite viewing side of the liquid
crystal panel. Further, the liquid crystal display of the present
invention may be a reflective type in which a screen is viewed
by irradiating a light from the viewing side of the liquid
crystal panel. The liquid crystal display of the present inven-
tion may be a semi-transmissive type having properties of
both transmissive type and reflective type.

[0154] The liquid crystal display of the present invention is
used, for example, office automation equipments such as a
personal computer monitor, a notebook computer, and a
copying machine; portable equipments such as a portable
telephone, a watch, a digital camera, a personal digital assis-
tant (PDA), and a portable game machine; domestic electrical
equipments such as a video camera, a television set, and a
microwave oven; on-vehicle equipments such as a back moni-
tor, a monitor for a car navigation system, and a car audio;
display equipments such as an information monitor for a
commercial store; security equipments such as an observa-
tion monitor; care/medical equipments such as a care moni-
tor, and a medical monitor; and the like.

[0155] Preferably use application of the liquid crystal dis-
play of the presentinventionisa TV set. Screen size of the TV
set is, preferably, wide 17-inch type (373 mmx224 mm),
more preferably, wide 23-inch type (499 mmx300 mm) or
more, and further preferably wide 32-inch type (687 mmx412
mm) or more.

EXAMPLES

[0156] Next, Examples of the present invention will be
described together with Comparative Examples. The present
invention is not limited to the following Examples and Com-
parative Examples.

[0157] Various measurements in the following Examples
and Comparative Examples were conducted in the following
manner.

(1) Measurement of Re (&), Rth()), Re (M), nx, ny and nz:

[0158] These were measured by using “Axo Scan” (trade
name) manufactured by AXOMETRICS, INC. at 23° C. at
each wavelength A nm. For average refractive index, values
measured using an Abbe refractometer (trade name “DR-M4”
manufactured by Atago Co., Ltd.) were used.

(2) Measurement of Thickness:

[0159] Thickness was measured by using a digital
micrometer “KC-351C type” manufactured by Anritsu Cor-
poration and “MCPD-2000” manufactured by Otsuka Elec-
tronics Co., Ltd.

(3) Measurement of Color Shift:

[0160] Color shift was measured by color change when
azimuth was varied between 0 to 360° at a polar angle of 60°
by using “EZ Contrast 160D” (trade name) manufactured by
ELDIM Co. Measurement result was plotted on xy chroma-
ticity diagram in which horizontal axis shows azimuth and
vertical axis shows x value and y value (each graph chart).

[0161] Inthe measurement of color shift, when x value and
y value do not change, color change is not observed with
varied azimuth. Thatis, in the graph chart, x value and y value
are flat. Even when x value and y value do not flat, when
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viewing angle is changed in the axis direction of a polarizing
plate forangles 0f45°, 135°,225°,315° (when viewing angle
is changed from 0° to 90° with reference to 45°, 90° to 180°
with reference to 135°, 180° to 270° with reference to 225°,
and 270° to 360° with reference to 315°) and the color change
is the same (x value and y are symmetrical at 45° interval in
the graph chart), it results in that coloring occurs in only a
certain direction. In other words, even when coloring occurs,
the coloring is in a single color. It is most preferable that x
value and y value in the graph chart are flat. Since, even if
coloring occurs, coloring in one color will not lead any prac-
tical problem for use in a liquid crystal display. On the other
hand, when color change differs at variable viewing angle in
the axis direction of the polarizing plate for angle of 45°,
135°,225°,315° (x value and y value are asymmetrical at 45°
in the graph chart), coloring occurs in various colors by vary-
ing the viewing angle. Such color change reduces viewing
angle of the liquid crystal display, and is most unfavorable
color change. In the graph chart, magnitude of amplitude of x
value and y value represents degree of coloring, and the larger
the shift of x value, y value from the color in the axis direction
of the polarizing plate (0°, 90°, 180°, 270°), the larger the
coloring becomes. Therefore, in the graph chart, the smaller
the amplitude of x value, y value, the better because the
coloring is small.

<Use Material>
(1) Optical Compensation Layer (A):

[0162] On both surfaces of a norbornene-based film (trade
name “ARTON” manufactured by JSR Corporation) having a
thickness of 100 um, a biaxially stretched polypropylene film
(trade name “Torayfan E60 high-shrinking type” manufac-
tured by Toray Industries, Inc.) having a thickness of 60 pm
was adhered via an acrylic-based pressure-sensitive adhesive
having a thickness of 15 pm. The resultant laminate film was
then stretched 1.38 times using a roll stretching machine
while both end parts in the longitudinal direction thereof were
held. Stretching of the laminate film was conducted in an
air-circulated dry oven at 146° C.x1° C. From this stretched
laminate film, a biaxially stretched polypropylene film was
peeled off, and the obtained stretched norbornene-based film
was used as an optical compensation layer (A).

[0163] The retardation value of the optical compensation
layer (A) was measured, it was found that Re(590) was 270
nm, Rth(590) was 135 nm, and Nz coefficient was 0.50. The
wavelength dispersion of Re,q(A) of the optical compensation
layer (A) is as shown in Table 1. The index ellipsoid of the
optical compensation layer (A) satisfied a relationship of
nx>nz>ny.

TABLE 1

Re q(450)/  Reyy(550))  Reyo(650)/ Wavelength

Re p(550)  Rey(550)  Reyy(550) dispersion
Optical 1.00 1.00 1.00  Flat
compensation dispersion
layer (A)
Optical 1.09 1.00 0.96  Positive
compensation dispersion
layer (B)
Optical 1.06 1.00 0.97  Positive
compensation dispersion
layer (C)
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TABLE 1-continued

Reyp(450)/  Reqo(550)  Reyo(650)/ Wavelength

Reqo(5350)  Regy(550)  Reyo(550) dispersion
Optical 1.00 1.00 1.00  Flat
compensation dispersion
layer (D)
Optical 1.06 1.00 0.97  Positive
compensation dispersion
layer (E)
Optical 0.81 1.00 1.14  Reverse
compensation dispersion
layer (F)
Liquid crystal 1.04 1.00 0.96  Positive
cell dispersion

(2) Optical Compensation Layer (B):

[0164] Polyimide (shown by the formula (III) below) syn-
thesized from 2,2'-bis(3.4-dicarboxyphenyl)hexafluoropro-
pane and 2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl was
dissolved in cyclohexanone, to prepare a coating solution
(solid content concentration 15% by mass). This coating solu-
tion was applied on 50 um PET film so that the thickness
thereof was 44 um. The application was followed by drying at
100° C. for 10 minutes, to form a thin film having a thickness
ofabout 6.9 pm. This film having a thickness of about 6.9 pm
was used as an optical compensation layer (B).

[0165] The optical compensation layer (B) was transferred
to a glass plate via a pressure-sensitive adhesive, and peeled
from the PET film. The retardation value of the optical com-
pensation layer (B) transferred to the glass plate was mea-
sured, it was found that Re (590) was 0.4 nm, and Rth(590)
was 272 nm. The wavelength dispersion of Re,,(2) of the
optical compensation layer (B) was as shown in Table 1. The
index ellipsoid of the optical compensation layer (B) satisfied
a relationship of nx=ny>nz.

[0166] Here, the optical compensation layer (B) was peeled
from the glass plate, when the optical compensation layer (B)
was adhered to a polarizing plate.

[chemical formula 1]
Q CF; 0 CFs
N N
‘< © CF3 © . . }
[0) (0] CF;

(3) Optical Compensation Layer (C):

[0167] A polyester-based polymer described in Example 4
of[0052] in Japanese Patent Application Laid-Open Publica-
tion No. 2004-70332 (polymer (IV) in that publication) was
dissolved in a mixed solvent (toluene: cyclohexanone (mass
ratio)=8:2), to prepare a coating solution (solid content con-
centration 10% by mass). This coating solution was applied
on 50 um PET film so that the thickness thereof was 97 um.
The application was followed by drying at 130° C. for 5
minutes, to form a thin film having a thickness of about 9.7
pm. This film having a thickness of about 9.7 pum was used as
an optical compensation layer (C).
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[0168] The optical compensation layer (C) was transferred
to a glass plate via a pressure-sensitive adhesive, and peeled
from the PET film. The retardation value of the optical com-
pensation layer (C) transferred to the glass plate was mea-
sured, it was found that Re (590) was 0.3 nm, and Rth(590)
was 269 nm. The wavelength dispersion Re (%) of the opti-
cal compensation layer (C) was as shown in Table 1. The
index ellipsoid of the optical compensation layer (C) satisfied
a relationship of nx=ny>nz.

[0169] Here, theoptical compensation layer (C) was peeled
from the glass plate, when the optical compensation layer (C)
was adhered to a polarizing plate.

(4) Optical Compensation Layer (D):

[0170] A norbornene-based film (trade name “ARTON”
manufactured by JSR Co., Ltd.) having a thickness of 150 pm
was stretched 2.3 times in the longitudinal direction using a
roll stretching machine and 2.3 times in the width direction
using a tenter stretching machine. Stretching of the film was
conducted in an air-circulated dry oven at 140° C.x1° C. The
thickness of the stretched film was 43 pm. This stretched
norbornene-based film was used as an optical compensation
layer (D).

[0171] The retardation value of the optical compensation
layer (D) was measured, it was found that Re(590) was 0.2
nm, and Rth(590) was 134 nm. The wavelength dispersion of
Re,,(3) of the optical compensation layer (D) is as shown in
Table 1. The index ellipsoid of the optical compensation layer
(D) satisfied a relationship of nx=ny=>nz.

(5) Optical Compensation Layer (E):

[0172] On both surfaces of a polymer film (thickness: 55
um, polycarbonate-based polymer: styrene-based polymer
(mass blending ratio)=75:25) containing a mixture of a poly-
carbonate-based polymer having a weight-average molecular
weight of 60,000 and a styrene-based polymer having a
weight-average molecular weight of 1,300, a biaxially
stretched polypropylene film (trade name “Torayfan E60
high-shrinking type” manufactured by Toray Industries, Inc.)
having a thickness of 60 um was adhered via an acrylic-based
pressure-sensitive adhesive having a thickness of 15 pum. The
resultant laminate film was then stretched 1.27 times using a
roll stretching machine while both end parts in the longitudi-
nal direction thereof were held. Stretching of the above lami-
nate film was conducted in an air-circulated dry oven at 147°
C.z1° C. From this stretched laminate film, a biaxially
stretched polypropylene film was peeled off, and the obtained
stretched polymer film (film made of a mixed polymer) was
used as an optical compensation layer (E).

[0173] The retardation value of the optical compensation
layer (E) was measured, it was found that Re(590) was 270
nm, Rth(590) was 132 nm, and Nz coefficient was 0.49. The
wavelength dispersion of Re, () of the optical compensation
layer (E) is as shown in Table 1. The index ellipsoid of the
optical compensation layer (E) satisfied a relationship of
nx>nz>ny.

(6) Optical Compensation Layer (F):

[0174] Four triacetylcellulose-based films (trade name
“TF80UL”, manufactured by Fujifilm Corporation) each hav-
ing a thickness of 80 um and one triacetylcellulose-based film
(trade name “KC4UY” manufactured by Konica Minolta
Holdings, Inc.) having a thickness of 40 um were adhered
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together with a pressure-sensitive adhesive having a thickness
of 20 um, to form a laminate film in which a total of five films
were laminated. This laminate film was used as an optical
compensation layer (F).

[0175] The retardation value of the optical compensation
layer (F) was measured, it was found that Re(590) was 0.9
nm, and Rth(590) was 272 nm. The wavelength dispersion of
Re,o(M) of the optical compensation layer (F) is as shown in
Table 1. The index ellipsoid of the optical compensation layer
(F) satisfied a relationship of nx=ny>nz.

(7) Liquid Crystal Cell:

[0176] Aliquid crystal panel was taken out from a commer-
cially available liquid crystal television set (product number:
LC-46GX2W) manufactured by Sharp Corporation, and all
optical films such as polarizing plate arranged above and
below the liquid crystal cell were removed. The glass plate of
this liquid crystal cell was cleaned on both front and back
sides, to thereby prepare a liquid crystal cell.

[0177] The wavelength dispersion of Re,,(A) of the liquid
crystal cell is as shown in Table 1. The index ellipsoid of the
liquid crystal cell satisfied a relationship of nx=ny<nz.

Example 1

[0178] The optical compensation layer (A) was laminated
and adhered to a polarizing plate (“SIG” (trade name) manu-
factured by Nitto Denko Corporation) via an acrylic-based
pressure-sensitive adhesive having a thickness of 20 pm, to
thereby prepare a polarizing plate (A) having a compensation
layer. At this time, these members were laminated so that the
direction of slow axis of the optical compensation layer (A)
and the direction of absorption axis of the polarizing plate are
orthogonal to each other.

[0179] The optical compensation layer (B) was laminated
and adhered to a polarizing plate (“SIG” (trade name) manu-
factured by Nitto Denko Corporation) via an acrylic-based
pressure-sensitive adhesive having a thickness of 20 Am, to
thereby prepare a polarizing plate (B) having a compensation
layer. At this time, these members were laminated so that the
direction of slow axis of the optical compensation layer (B)
and the direction of absorption axis of the polarizing plate are
orthogonal to each other.

[0180] Next, on the viewing side surface of the liquid crys-
tal cell, the polarizing plate (A) having a compensation layer
was adhered via an acrylic-based pressure-sensitive adhesive
having a thickness of 20 pm. At this time, adhering was made
so that optical compensation layer (A) side of the polarizing
plate (A) having a compensation layer faces with the viewing
side surface of the liquid crystal cell, and the direction of
absorption axis of the polarizing plate (A) having a compen-
sation layer is parallel to the direction of long side of the
liquid crystal cell.

[0181] Next, on the opposite viewing side surface of the
liquid crystal cell, the polarizing plate (B) having a compen-
sation layer was adhered via an acrylic-based pressure-sen-
sitive adhesive having a thickness of 20 pm. At this time,
adhering was made so that optical compensation layer (B)
side of the polarizing plate (B) having a compensation layer
faces with the opposite viewing side surface of the liquid
crystal cell, and the direction of absorption axis of the polar-
izing plate (B) having a compensation layer is orthogonal to
the direction of long side of the liquid crystal cell.
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[0182] In this manner, a liquid crystal panel according to
Example 1 was fabricated (see Table 2).

[0183] The liquid crystal panel of Example 1 was joined
with a backlight unit of the original liquid crystal TV set
(above liquid crystal TV set manufactured by Sharp Corpo-
ration), to fabricate a liquid crystal TV set.

[0184] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 5.
TABLE 2
Used Wavelength
Layer compensation  dispersion Index
constituent layer of each layer ellipsoid
Example 1 First optical Optical Flat X > NZ > 1y
compensation  compensation  dispersion
layer layer (A}
Liquid Liquid Positive X =Ty < NZ
crystal cell crystal cell dispersion
Second optical  Optical Positive X =Ny > N7
compensation — compensation  dispersion
layer layer (B)
Example 2 First optical Optical Flat X > NZ > 1y
compensation — compensation  dispersion
layer layer (A}
Liquid Liquid Positive IX =1y <0z
crystal cell crystal cell dispersion
Second optical  Optical Positive IX =1y >0z
compensation  compensation  dispersion
layer layer (C)
Example 3 First optical Optical Flat IX > 0Z > 1y
compensation  compensation  dispersion
layer layer (A}
Liquid Liquid Positive IX =Ny <NZ
crystal cell crystal cell dispersion
Second optical  Optical Flat IX =1y >0z
compensation  compensation  dispersion
layer layer (D}
Example 4 First optical Optical Positive IX > 0Z > 1y
compensation  compensation  dispersion
layer layer (E)
Liquid Liquid Positive IX =Ny <NZ
crystal cell crystal cell dispersion
Second optical  Optical Positive IX =Ny > NZ
compensation  compensation  dispersion
layer layer (B)
Example 5 First optical Optical Positive IX > NZ > 1y
compensation  compensation  dispersion
layer layer (E)
Liquid Liquid Positive IX =Ny <NZ
crystal cell crystal cell dispersion
Second optical  Optical Positive IX =Ny > NZ
compensation  compensation  dispersion
layer layer (C)
Example 6 First optical Optical Positive IX > NZ > 1y
compensation  compensation  dispersion
layer layer (E)
Liquid Liquid Positive IX =Ny <NZ
crystal cell crystal cell dispersion
Second optical  Optical Flat IX =Ny > NZ
compensation  compensation  dispersion
layer layer (D}
Example 2

[0185] One polarizing plate (A) having a compensation
layer and one polarizing plate (C) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (B) used in
Example 1 was replaced by the optical compensation layer
©).

[0186] Then the polarizing plate (A) having a compensa-
tion layer was adhered on the viewing side surface of the
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liquid crystal cell and the polarizing plate (C) having a com-
pensation layer was adhered on the opposite viewing side
surface of the liquid crystal cell in a similar manner as in
Example 1.

[0187] In this manner, a liquid crystal panel according to
Example 2 was fabricated (see Table 2).

[0188] The liquid crystal panel of Example 2 was joined to
a backlight unit of the original liquid crystal TV set in a
similar manner as in Example 1, to fabricate a liquid crystal
TV set.

[0189] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 6.

Example 3

[0190] The optical compensation layer (A) was laminated
and adhered to a polarizing plate (“SIG” (trade name) manu-
factured by Nitto Denko Corporation) via an acrylic-based
pressure-sensitive adhesive having a thickness of 20 pm, to
thereby prepare a polarizing plate (A) having a compensation
layer. At this time, these members were laminated so that the
direction of slow axis of the optical compensation layer (A)
and the direction of absorption axis of the polarizing plate are
orthogonal to each other.

[0191] Two optical compensation layers (D) were prepared
to be laminated and adhered to a polarizing plate (“SIG”
(trade name) manufactured by Nitto Denko Corporation) via
an acrylic-based pressure-sensitive adhesive having a thick-
ness of 20 um, to thereby prepare a polarizing plate (D)
having a compensation layer. At this time, these members
were laminated so that the direction of slow axis of the optical
compensation layer (D) and the direction of absorption axis
of the polarizing plate are orthogonal to each other. Further,
the two optical compensation layer (D) were adhered so that
the direction of slow axis thereof is parallel to each other.
[0192] Next, on the viewing side surface of the liquid crys-
tal cell, the polarizing plate (A) having a compensation layer
was adhered via an acrylic-based pressure-sensitive adhesive
having a thickness of 20 pm. At this time, adhering was made
so that optical compensation layer (A) side of the polarizing
plate (A) having a compensation layer faces with the viewing
side surface of the liquid crystal cell, and the direction of
absorption axis of the polarizing plate (A) having a compen-
sation layer is parallel to the direction of long side of the
liquid crystal cell.

[0193] Next, on the opposite viewing side surface of the
liquid crystal cell, the polarizing plate (D) having a compen-
sation layer was adhered via an acrylic-based pressure-sen-
sitive adhesive having a thickness of 20 pm. At this time,
adhering was made so that optical compensation layer (D)
side of the polarizing plate (D) having a compensation layer
faces with the opposite viewing side surface of the liquid
crystal cell, and the direction of absorption axis of the polar-
izing plate (D) having a compensation layer is orthogonal to
the direction of long side of the liquid crystal cell.

[0194] In this manner, a liquid crystal panel according to
Example 3 was fabricated (see Table 2).

[0195] The liquid crystal panel of Example 3 was joined to
a backlight unit of the original liquid crystal TV set in a
similar manner as in Example 1, to fabricate a liquid crystal
TV set.
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[0196] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 7.

Example 4

[0197] One polarizing plate (E) having a compensation
layer and one polarizing plate (B) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (A) used in
Example 1 was replaced by the optical compensation layer
(E).

[0198] Then the polarizing plate (F) having a compensation
layer was adhered on the viewing side surface of the liquid
crystal cell and the polarizing plate (B) having a compensa-
tion layer was adhered on the opposite viewing side surface of
the liquid crystal cell in a similar manner as in Example 1.
[0199] In this manner, a liquid crystal panel according to
Example 4 was fabricated (see Table 2).

[0200] The liquid crystal panel of Example 4 was joined to
a backlight unit of the original liquid crystal TV set in a
similar manner as in Example 1, to fabricate a liquid crystal
TV set.

[0201] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 8.

Example 5

[0202] One polarizing plate (E) having a compensation
layer and one polarizing plate (C) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (A) used in
Example 1 was replaced by the optical compensation layer
(E) and the optical compensation layer (B) used in Example 1
was replaced by the optical compensation layer (C).

[0203] Then the polarizing plate (E) having a compensation
layer was adhered on the viewing side surface of the liquid
crystal cell and the polarizing plate (C) having a compensa-
tion layer was adhered on the opposite viewing side surface of
the liquid crystal cell in a similar manner as in Example 1.
[0204] In this manner, a liquid crystal panel according to
Example 5 was fabricated (see Table 2).

[0205] The liquid crystal panel of Example 5 was joined to
a backlight unit of the original liquid crystal TV set in a
similar manner as in Example 1, to fabricate a liquid crystal
TV set.

[0206] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 9.

Exaniple 6

[0207] One polarizing plate (E) having a compensation
layer and one polarizing plate (D) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (A) used in
Example 1 was replaced by the optical compensation layer
®).

[0208] Then the polarizing plate (F) having a compensation
layer was adhered on the viewing side surface of the liquid
crystal cell and the polarizing plate (D) having a compensa-
tion layer was adhered on the opposite viewing side surface of
the liquid crystal cell in a similar manner as in Example 1.

[0209] In this manner, a liquid crystal panel according to
Example 6 was fabricated (see Table 2).
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[0210] The liquid crystal panel of Example 6 was joined to
a backlight unit of the original liquid crystal TV set in a
similar manner as in Example 1, to fabricate a liquid crystal
TV set.

[0211] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 10.

Comparative Example 1

[0212] One polarizing plate (A) having a compensation
layer and one polarizing plate (F) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (B) used in
Example 1 was replaced by the optical compensation layer
().

[0213] Then the polarizing plate (A) having a compensa-
tion layer was adhered on the viewing side surface of the
liquid crystal cell and the polarizing plate (F) having a com-
pensation layer was adhered on the opposite viewing side
surface of the liquid crystal cell in a similar manner as in
Example 1.

[0214] In this manner, a liquid crystal panel according to
Comparative Example 1 was fabricated (see Table 3).
[0215] The liquid crystal panel of Comparative Example 1
was joined to a backlight unit of the original liquid crystal TV
set in a similar manner as in Example 1, to fabricate a liquid
crystal TV set.

[0216] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 11.
TABLE 3
Used Wavelength
Layer compensation  dispersion Index
constitution layer of each layer ellipsoid
Compara- First optical Optical Flat X > NZ > 0y
tive compensation  compensation  dispersion
Example 1 layer layer (A)
Liquid Liquid Positive X =1y <Nz
crystal cell crystal cell dispersion
Second optical  Optical Reverse X =1y > NZ
compensation  compensation  dispersion
layer layer (F)
Compara- First optical Optical Positive X > NZ > 1y
tive compensation  compensation  dispersion
Example 2 layer layer (E)
Liquid Liquid Positive X =Ty <NZ
crystal cell crystal cell dispersion
Second optical  Optical Reverse X =Ny > N7
compensation  compensation  dispersion
layer layer (F)

Comparative Example 2

[0217] One polarizing plate (E) having a compensation
layer and one polarizing plate (F) having a compensation
layer were fabricated in a similar manner as in Example 1
except that the optical compensation layer (A) used in
Example 1 was replaced by the optical compensation layer
(E) and the optical compensation layer (B) used in Example 1
was replaced by the optical compensation layer (F).

[0218] Then thepolarizing plate (E)having a compensation
layer was adhered on the viewing side surface of the liquid
crystal cell and the polarizing plate (F) having a compensa-
tion layer was adhered on the opposite viewing side surface of
the liquid crystal cell in a similar manner as in Example 1.
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[0219] In this manner, a liquid crystal panel according to
Comparative Example 2 was fabricated (see Table 3).

[0220] The liquid crystal panel of Comparative Example 2
was joined to a backlight unit of the original liquid crystal TV
set in a similar manner as in Example 1, to fabricate a liquid
crystal TV set.

[0221] Measurement result of color shift of the obtained
liquid crystal TV set is shown in the graph of FIG. 12.
[0222] TItcan be found that the liquid crystal panels accord-
ing to Examples 1 to 6 are smaller in color shift amount than
the liquid crystal panels according to Comparative Examples
1 and 2. In particular, the liquid crystal panels according to
Examples 1 to 3 have relatively small amplitudes of x value
and y value and therefore are excellent. Therefore, the liquid
crystal panels of Examples 1 to 6 can realize neutral display
with substantially no coloring in all directions.

What is claimed is:

1. A liquid crystal panel comprising: a liquid crystal cell; a
first polarizer and a second polarizer provided on both sides of
the liquid crystal cell; a first optical compensation layer pro-
vided between the liquid crystal cell and the first polarizer;
and a second optical compensation layer provided between
the liquid crystal cell and the second polarizer, wherein a
wavelength dispersion of the liquid crystal cell satisfies Re,,
(450)>Re,,(550)>Re,,(650), an index ellipsoid of the first
optical compensation layer satisfies a relationship of
nx>nz>ny, and a wavelength dispersion of the second optical
compensation layer satisfies Re,,(450)ZRe,,(550)=Re,,
(650), wherein Re,q(A) represents a retardation value mea-
sured from the direction of a polar angle of 40° at 23° C. with
light of a wavelength A nm, nx represents a refractive index in
the direction in which the refractive index is maximum in a
plane of the optical compensation layers or the liquid crystal
cell (X axis direction), ny represents a refractive index in the
direction orthogonal to the X axis direction in the plane (Y

May 21, 2009

axis direction), and nz represents a refractive index in the
direction orthogonal to the X axis direction and the Y axis
direction.

2. The liquid crystal panel according to claim 1, wherein a
wavelength dispersion of'the first optical compensation layer
satisfies 0.7<Re,,(450)/Re,,(550)<1.2.

3. The liquid crystal panel according to claim 1, wherein an
index ellipsoid of the second optical compensation layer sat-
isfies a relationship of nxZny>nz.

4. The liquid crystal panel according to claim 1, wherein an
Nz coefficient of the second optical compensation layer is
larger than an Nz coefficient of the first optical compensation
layer.

5. The liquid crystal panel according to claim 1, wherein a
ratio of retardation values (Re,,(450)/Re,,(550)) of the first
optical compensation layer is smaller than a ratio of retarda-
tion values (Re,,(450)/Re,,(550)) of the liquid crystal cell.

6. The liquid crystal panel according to claim 1, wherein
the first optical compensation layer contains at least one kind
of polymer selected from norbornene-based polymers, mixed
polymers of a polycarbonate-based polymer and a styrene-
based polymer, cellulose-based polymers, polyvinyl alcohol-
based polymers, and polyester-based polymers as a main
component.

7. The liquid crystal panel according to claim 1, wherein
the second optical compensation layer contains at least one
kind of polymer selected from norbornene-based polymers,
polyimide-based polymers, and polyester-based polymers as
a main component.

8. The liquid crystal panel according to claim 1, wherein
the liquid crystal cell is in a vertically aligned (VA) mode.

9. A liquid crystal display having the liquid crystal panel
according to claim 1.
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