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(57) ABSTRACT

To provide a liquid crystal panel suitable for a liquid crystal
display apparatus and capable of providing colorless neutral
displays in all directions, and a liquid crystal display appa-
ratus using the liquid crystal panel, the liquid crystal panel
of the present invention includes: a liquid crystal cell; a first
polarizer arranged on one side of the liquid crystal cell; a
first birefringent layer arranged between the liquid crystal
cell and the first polarizer; a second polarizer arranged on
another side of the liquid crystal cell; and a second birefrin-
gent layer arranged between the liquid crystal cell and the
second polarizer; in which: the first birefringent layer has a
relationship of 1<Nz=2 where an Nz coefficient is defined
by Nz=(nx-nz)/(nx-ny); and the second birefringent layer
has a refractive index profile of nx=ny>nz.
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LIQUID CRYSTAL PANEL AND LIQUID
CRYSTAL DISPLAY APPARATUS

[0001] This application claims priority under 35 U.S.C.
Section 119 to Japanese Patent Applications No. 2006-
144382 filed on May 24, 2006 and No. 2007-034343 filed on
Feb. 15, 2007, which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
panel and to a liquid crystal display apparatus. In particular,
the present invention relates to a liquid crystal panel suitable
for a liquid crystal display apparatus and capable of provid-
ing colorless neutral displays in all directions, and to a liquid
crystal display apparatus using the liquid crystal panel.

[0004] 2. Description of the Related Art

[0005] FIG. 5Ais a schematic sectional view of a typical
conventional liquid crystal display apparatus, and FIG. 5B is
a schematic sectional view of a liquid crystal cell to be used
for the liquid crystal display apparatus. A liquid crystal
display apparatus 900 is provided with: a liquid crystal cell
910; retardation plates 920 and 920" arranged on both sides
of the liquid crystal cell 910; and polarizing plates 930 and
930" arranged on outer sides of the respective retardation
plates 920 and 920'. Typically, the polarizing plates 930 and
930" are arranged such that respective polarization axes are
perpendicular to each other. The liquid crystal cell 910
includes: a pair of substrates 911 and 911'; and a liquid
crystal layer 912 as a display medium arranged between the
substrates. One substrate 911 is provided with: a switching
element (typically, TFT) for controlling electrooptic prop-
erties of liquid crystals; and a scanning line for providing a
gate signal to this switching element and a signal line for
providing a source signal thereto (the element and the lines
not shown). The other substrate 911' is provided with: color
layers 913R, 913G, and 913B forming a color filter; and a
screen layer (black matrix layer) 914. A distance (cell gap)
between the substrates 911 and 911' is controlled by a spacer
(not shown).

[0006] The retardation plates are used for optical compen-
sation of the liquid crystal display apparatus. In order to
obtain optimum optical compensation (improvement in
viewing angle properties, color shift, and contrast, for
example), various attempts have been made in optimization
of optical properties of the retardation plates and/or arrange-
ment of the retardation plates in the liquid crystal display
apparatus. As shown in FIG. 5A, the retardation plates are
conventionally each arranged between the liquid crystal cell
910, and the polarizing plates 930 or 930' (see JP 11-95208
A, for example)

[0007] Further improvement in screen evenness and in
display quality has been demanded for a recent high-reso-
lution and high-performance liquid crystal display appara-
tus. However, the conventional liquid crystal display appa-
ratus hardly develops a colorless neutral display in all
azimuth angle directions. Further, with development of a
small and portable liquid crystal display apparatus, a
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demand for reduction in thickness of the liquid crystal
display apparatus has increased.

SUMMARY OF THE INVENTION

[0008] The present invention has been made in view of
solving conventional problems described above, and an
object of the present invention is to provide a liquid crystal
panel suitable for a liquid crystal display apparatus and
capable of providing colorless neutral displays in all direc-
tions and a liquid crystal display apparatus using the liquid
crystal panel.

[0009] The liquid crystal panel of the present invention
includes: a liquid crystal cell; a first polarizer arranged on
one side of the liquid crystal cell; a first birefringent layer
arranged between the liquid crystal cell and the first polar-
izer; a second polarizer arranged on another side of the
liquid crystal cell; and a second birefringent layer arranged
between the liquid crystal cell and the second polarizer; in
which: the first birefringent layer has a relationship of
1<Nz=2 where an Nz coeflicient is defined by Nz=(nx-nz)/
(nx-ny); and the second birefringent layer has a refractive
index profile of nx=ny>nz.

[0010] According to a preferred embodiment, the first
birefringent layer includes a cyclic olefin-based film.

[0011] According to a further preferred embodiment, the
cyclic olefin-based film includes a fixed-end stretched film.

[0012] In addition, according to a further preferred
embodiment, the cyclic olefin-based film includes a film
obtained through stretching at a stretching temperature of
130 to 160° C. and a stretching ratio of 1.2 to 4.0 times.

[0013] According to a preferred embodiment, the first
birefringent layer includes a cellulose-based film.

[0014] According to a further preferred embodiment, the
cellulose-based film includes a film obtained through free-
end stretching in an MD direction at a stretching temperature
of 120 to 160° C. and a stretching ratio of 1.2 to 2.0 times
and free-end stretching in a TD direction at a stretching
temperature of 120 to 160° C. and a stretching ratio of 1.01
to 1.05 times.

[0015] According to a preferred embodiment, the liquid
crystal cell employs one of VA mode and OCB mode.

[0016] Further, the other aspect of the present invention
provides a liquid crystal display apparatus. This liquid
crystal display apparatus includes the liquid crystal panel of
the present invention.

[0017] According to the present invention, a liquid crystal
panel suitable for a liquid crystal display apparatus and
capable of providing colorless neutral displays in all direc-
tions and a liquid crystal display apparatus using the liquid
crystal panel can be provided. Such an effect is significant in
the case where the first birefringent layer arranged between
the liquid crystal cell and the first polarizer arranged on one
side of the liquid crystal cell has a relationship of 1<Nz=2
where an Nz coeflicient is defined by Nz=(nx-nz)/(nx-ny);
and the second birefringent layer arranged between the
liquid crystal cell and the second polarizer arranged on
another side of the liquid crystal cell has a refractive index
profile of nx=ny>nz.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the accompanying drawings:

[0019] FIG. 1 is a schematic sectional view of a liquid
crystal panel according to a preferred embodiment of the
present invention;

[0020] FIGS. 2A and 2B are each a schematic sectional
view illustrating an alignment state of liquid crystal mol-
ecules of a liquid crystal layer in the case where a liquid
crystal display apparatus of the present invention employs a
liquid crystal cell of VA mode;

[0021] FIGS. 3A to 3D are each a schematic sectional
view illustrating an alignment state of liquid crystal mol-
ecules of a liquid crystal layer in the case where a liquid
crystal display apparatus of the present invention employs a
liquid crystal cell of OCB mode;

[0022] FIG. 4 is a schematic diagram illustrating an azi-
muth angle and a polar angle in the present invention;
[0023] FIG. 5A is a schematic sectional view of a typical
conventional liquid crystal display apparatus, and FIG. 5B is
a schematic sectional view of a liquid crystal cell to be used
in the liquid crystal display apparatus;

[0024] FIG. 6 is an xy chromaticity diagram showing
color shift measured in Example 1,

[0025] FIG. 7 is a graph showing black luminance mea-
sured in Example 1;

[0026] FIG. 8 is an xy chromaticity diagram showing
color shift measured in Comparative Example 1;

[0027] FIG. 9 is a graph showing black luminance mea-
sured in Comparative Example 1;

[0028] FIG. 10 is an xy chromaticity diagram showing
color shift measured in Example 2;

[0029] FIG. 11 is a graph showing black luminance mea-
sured in Example 2;

[0030] FIG. 12 is an xy chromaticity diagram showing
color shift measured in Comparative Example 2;

[0031] FIG. 13 is a graph showing black luminance mea-
sured in Comparative Example 2;

[0032] FIG. 14 is an xy chromaticity diagram showing
color shift measured in Example 3;

[0033] FIG. 15 is a graph showing black luminance mea-
sured in Example 3;

[0034] FIG. 16 is an xy chromaticity diagram showing
color shift measured in Example 4;

[0035] FIG. 17 is a graph showing black luminance mea-
sured in Example 4;

[0036] FIG. 18 is an xy chromaticity diagram showing
color shift measured in Comparative Example 3; and
[0037] FIG. 19 is a graph showing black luminance mea-
sured in Comparative Example 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Definitions of Terms and Symbols)

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

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

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

[0041] (3) The term “thickness direction retardation Rth”
refers to a thickness direction retardation value measured at
23° C. by using light of a wavelength of 590 nm. Rth can be
determined from an equation Rth=(nx-nz)xd, where nx and
nz represent refractive indices of a film (layer) at a wave-
length of 590 nm in a slow axis direction and a thickness
direction, respectively, and d (nm) represents a thickness of
the film (layer).

[0042] (4) An Nz coeflicient refers to a ratio of in-plane
retardation And and thickness direction retardation Rth and
is determined by an expression Nz=(nx-nz)/(nx-ny).

A. Structure of Liquid Crystal Panel and Liquid Crystal
Display Apparatus Including the Same

[0043] FIG. 1 is a schematic sectional view illustrating a
preferred example of a liquid crystal panel of the present
invention. A liquid crystal panel 100 is provided with a first
polarizer 30, a first birefringent layer 60, a liquid crystal cell
40, a second birefringent layer 70, and a second polarizer 50
in the order given. The first polarizer and the first birefrin-
gent layer may be arranged on a viewer side of the liquid
crystal cell or arranged on a backlight side of the liquid
crystal cell, but are preferably arranged on the viewer side.
The first polarizer and the second polarizer may each have
a protective layer on at least one side (not shown). In the
liquid crystal panel of the present invention, lamination of
the respective layers, the polarizers, and the liquid crystal
cell is conducted through any appropriate pressure-sensitive
layer or adhesive layer.

[0044] The first birefringent layer 60 refers to a birefrin-
gent layer having a relationship of 1<Nz<2 where an Nz
coefficient is defined by Nz=(nx-nz)/(nx-ny). The second
birefringent layer 70 refers to a birefringent layer having a
refractive index profile of nx=ny>nz. Details of the first
birefringent layer 60 and the second birefringent layer 70 are
described below.

[0045] An absorption axis of the first polarizer 30 and an
absorption axis of the second polarizer 50 are preferably
substantially perpendicular to each other.

[0046] The liquid crystal cell 40 includes: a pair of glass
substrates 41 and 42; and a liquid crystal layer 43 as a
display medium arranged between the substrates. One sub-
strate (active matrix substrate) 41 is provided with: a switch-
ing element (typically, TFT) for controlling electrooptic
properties of liquid crystals; and a scanning line for provid-
ing a gate signal to the switching element and a signal line
for providing a source signal thereto (the lines not shown).
The other glass substrate (color filter substrate) 42 is pro-
vided with a color filter (now shown). Note that the color
filter may be provided in the active matrix substrate 41 as
well. A distance (cell gap) between the substrates 41 and 42
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is controlled by a spacer 44. An aligned film (not shown)
formed of polyimide, for example, is provided on a side of
each of the substrates 41 and 42 in contact with the liquid
crystal layer 43.

[0047] Any appropriate drive mode can be employed for
drive mode of the liquid crystal cell 40 as long as effects of
the present invention can be obtained. Specific examples of
the drive mode include STN (Super Twisted Nematic) mode,
TN (Twisted Nematic) mode, IPS (In-Plane Switching)
mode, VA (Vertical Aligned) mode, OCB (Optically Aligned
Birefringence) mode, HAN (Hybrid Aligned Nematic)
mode, and ASM (Axially Symmetric Aligned Microcell)
mode. The VA mode and the OCB mode are preferred
because of their remarkable improvements in color shifts.

[0048] FIGS. 2A and 2B are each a schematic sectional
view explaining an alignment state of liquid crystal mol-
ecules in VA mode. As shown in FIG. 2A, the liquid crystal
molecules are aligned vertically to surfaces of the substrates
41 and 42 under no voltage application. Such vertical
alignment may be realized by arranging nematic liquid
crystals having negative dielectric anisotropy between sub-
strates each having formed thereon a vertically aligned film
(not shown). Light enters from a surface of one substrate 41
in such a state, and linear polarized light allowed to pass
through the second polarizer 50 and to enter the liquid
crystal layer 43 advances along long axes of vertically
aligned liquid crystal molecules. No birefringence generates
in a long axis direction of the liquid crystal molecules such
that incident light advances without changing a polarization
direction and is absorbed by the first polarizer 30 having a
polarization axis perpendicular to the second polarizer 50. In
this way, dark display is obtained under no voltage appli-
cation (normally black mode). As shown in FIG. 2B, long
axes of the liquid crystal molecules align parallel to the
surfaces of the substrates under voltage application between
electrodes. The liquid crystal molecules exhibit birefrin-
gence with respect to linear polarized light entering the
liquid crystal layer 43 in such a state, and a polarization state
of incident light varies depending on inclination of the liquid
crystal molecules. Light allowed to pass through the liquid
crystal layer under application, of a predetermined maxi-
mum voltage rotates its polarization direction by 90°, for
example, into linear polarized light and passes through the
first polarizer 30, to thereby provide light display. Return to
a state under no voltage application provides dark display
again by alignment control force. The inclination of the
liquid crystal molecules is controlled by varying an appli-
cation voltage. Therefore, an intensity of transmitted light
from the first polarizer 30 may change, to thereby provide
gradient display.

[0049] FIGS. 3A to 3D are each a schematic sectional
view explaining an alignment state of liquid crystal mol-
ecules in OCB mode. The OCB mode refers to drive mode
in which the liquid crystal layer 43 is formed of so-called
bend alignment. As shown in FIG. 3C, the bend alignment
refers to an alignment state in which: nematic liquid crystal
molecules are aligned at a substantially parallel angle (align-
ment angle) in a vicinity of a substrate; the alignment angle
forms a vertical angle with respect to a plane of the substrate
toward the center of the liquid crystal layer; the alignment
changes progressively and continuously to be parallel to the
opposing substrate surface away from the center of the
liquid crystal layer; and no twisted structure exists through-
out the liquid crystal layer. Such bend alignment is formed
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as described below. As shown in FIG. 3A, the liquid crystal
molecules have substantially homogenous alignment in a
state in the absence of an electric field (initial state). How-
ever, the liquid crystal molecules each have a pretilt angle,
and a pretilt angle in the vicinity of the substrate differs from
a pretilt angle in the vicinity of the opposing substrate. Upon
application of a predetermined bias voltage (typically, 1.5V
to 1.9 V) (under low voltage application), the liquid crystal
molecules undergo a spray alignment as shown in FIG. 3B
and transfer to a bend alignment as shown in FIG. 3C. Upon
application of a display voltage (typically, 5V to 7 V) (under
high voltage application), the liquid crystal molecules in a
bend alignment state align substantially vertically to the
surface of the substrate as shown in FIG. 3D. In normally
white display mode, light allowed to pass through the second
polarizer 50 and to enter the liquid crystal layer in a state as
shown in FIG. 3D under high voltage application advances
without changing a polarization direction and is absorbed by
the first polarizer 30, to thereby provide dark display.
Reduction in display voltage returns the liquid crystal mol-
ecules into bend alignment by alignment control force of
rubbing treatment, to thereby provide light display again.
The inclination of the liquid crystal molecules is controlled
by varying a display voltage. Therefore, an intensity of
transmitted light from the polarizer may change, to thereby
provide gradient display. A liquid crystal display apparatus
provided with a liquid crystal cell of OCB mode allows very
high speed switching of phase transfer from spray alignment
state to bend alignment state, and thus has a characteristic of
better movie display properties than those of a liquid crystal
display apparatus provided with a liquid crystal cell of other
drive mode such as TN mode or IPS mode.

[0050] The display mode of the liquid crystal cell of OCB
mode may be: normally white mode which exhibits a dark
state (black display) under high voltage application; or
normally black mode which exhibits a bright state (white
display) under high voltage application.

[0051] A cell gap of the liquid crystal cell of OCB mode
1s preferably 2 wm to 10 wm, more preferably 3 um to 9 pm,
and particularly preferably 4 pm to 8 pm. A cell gap within
the above ranges can reduce a response time and provide
favorable display properties.

[0052] The nematic liquid crystals to be used for the liquid
crystal cell of OCB mode preferably have positive dielectric
anisotropy. Specific examples of the nematic liquid crystals
having positive dielectric anisotropy include those descried
in JP 09-176645 A. Further, commercially available nematic
liquid crystals may be used as they are. Examples of the
commercially available nematic liquid crystals include
“ZLI-4535” and “Z1.1-1132” (tradename, manufactured by
Merck Ltd., Japan). A difference between the ordinary index
of refraction (no) and extraordinary index of refraction (ne)
of the nematic liquid crystals, that is, a birefringence (An, )
may appropriately be selected in accordance with response
speed and transmittance of the liquid crystals, and the like.
However, the birefringence is preferably 0.05 to 0.30, more
preferably 0.10 to 0.30, and furthermore preferably 0.12 to
0.30. Such nematic liquid crystals each have a pretilt angle
of preferably 1° to 10°, more preferably 2° to 8°, and
particularly preferably 3° to 6°. A pretilt angle within above
ranges can reduce response time and provide favorable
display properties.

[0053] The liquid crystal panel as described above may
suitably be used for a liquid crystal display apparatus such
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as a personal computer, a liquid crystal television, a cellular
phone, a portable digital assistance (PDA), or a projector.

B. Polarizers

[0054] Any appropriate polarizer may be employed as the
first polarizer and the second polarizer used in the present
invention depending on the purpose. Examples thereof
include: a film prepared by adsorbing a dichromatic sub-
stance such as iodine or a dichromatic dye on a hydrophilic
polymer film such as a polyvinyl alcohol-based film, a
partially formalized polyvinyl alcohol-based film, or a par-
tially saponified ethylene/vinyl acetate copolymer-based
film and uniaxially stretching the film; and a polyene-based
aligned film such as a dehydrated product of a polyvinyl
alcohol-based film or a dehydrochlorinated product of a
polyvinyl chloride-based film. Of those, a polarizer prepared
by adsorbing a dichromatic substance such as iodine on a
polyvinyl alcohol-based film and uniaxially stretching the
film is particularly preferred because of its high polarized
dichromaticity. A thickness of such a polarizer is generally,
but not limited to, about 5 to 80 um.

[0055] The polarizer prepared by adsorbing iodine on a
polyvinyl alcohol-based film and uniaxially stretching the
film maybe produced by, for example: immersing a polyvi-
nyl alcohol-based film in an aqueous solution of iodine for
coloring; and stretching the film to a 3 to 7 times length of
the original length. The aqueous solution may contain boric
acid, zinc sulfate, zinc chloride, or the like as required, or the
polyvinyl alcohol-based film may be immersed in an aque-
ous solution of potassium iodide or the like. Further, the
polyvinyl alcohol-based film may be immersed and washed
in water before coloring as required. Washing the polyvinyl
alcohol-based film with water not only allows removal of
contamination on a film surface or washing away of an
antiblocking agent, but also provides an effect of preventing
unevenness such as uneven coloring by swelling of the
polyvinyl alcohol-based film. The stretching of the film may
be performed after coloring of the film with iodine, per-
formed during coloring of the film, or performed followed
by coloring of the film with iodine. The stretching may be
performed in an aqueous solution of boric acid, potassium
iodide, or the like, or in a water bath.

C. Protective Layer

[0056] The protective layer may employ any appropriate
film which can be used as a protective layer of a polarizer.
Specific examples of a material to be included as a main
component of the film include: a cellulose-based resin such
as triacetyl cellulose (TAC); and a transparent resin such as
a polyester-based resin, a polyvinyl alcohol-based resin, a
polycarbonate-based resin, a polyamide-based resin, a poly-
imide-based resin, a polyethersulfone-based resin, a polysul-
fone-based resin, a polystyrene-based resin, a polynor-
bornene-based resin, a polyolefin-based resin, an acrylic
resin, or an acetate-based resin. Other examples thereof
include: a thermosetting resin such as an acrylic resin, an
urethane-based resin, an acrylurethane-based resin, an
epoxy-based resin, or a silicone-based resin; and a UV-
curable resin. Still another example thereof is a glassy
polymer such as a siloxane-based polymer. Further, a poly-
mer film described in JP 2001-343529 A (WO 01/37007)
may also be used. A material for the film may employ a resin
composition containing a thermoplastic resin having a sub-
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stituted or unsubstituted imide group on a side chain, and a
thermoplastic resin having a substituted or unsubstituted
phenyl group and nitrile group on a side chain, for example.
A specific example thereof is a resin composition containing
an alternating isobutene/N-methylmaleimide copolymer,
and an acrylonitrile/styrene copolymer. The polymer film
may be an extrusion molded product of the resin composi-
tion described above, for example. TAC, a polyimide-based
resin, a polyvinyl alcohol-based resin, and a glassy polymer
are preferred. The protective layers may be the same or
different from each other.

[0057] It is preferable that the protective layer be trans-
parent and have no color. Specifically, the protective layer
has a thickness direction retardation of preferably —90 nm to
+90 nm, more preferably -80 nm to +80 nm, and most
preferably —70 nm to +70 nm.

[0058] The protective layer has any appropriate thickness
as long as the preferable thickness direction retardation can
be obtained. Specifically, the thickness of the protective
layer is preferably S mm or less, more preferably 1 mm or
less, particularly preferably 1 to 500 um, and most prefer-
ably 5 to 150 pum.

D. First Birefringent Layer

[0059] The first birefringent layer has a relationship of
1<Nz=2 where an Nz coeflicient is defined by Nz=(nx-nz)/
(nx-ny). The first birefringent layer has a relationship of
preferably 1.1=Nz=1.7, and more preferably 1.1=Nz=1.4.
The first birefringent layer having a relationship of 1<Nz=2
is used in combination with a specific second birefringent
layer, and thus a liquid crystal panel suitable for a liquid
crystal display apparatus and capable of providing colorless
neutral displays in all directions can be provided.

[0060] An in-plane retardation of the first birefringent
layer 1s preferably 90 to 160 nm, more preferably 95 to 150
nm, and still more preferably 95 to 145 nm.

[0061] A thickness of the first birefringent layer can be set
to provide a desired in-plane retardation. Specifically, the
thickness of the first birefringent layer is preferably 20 to
110 um, more preferably 25 to 105 pm, and most preferably
30 to 100 um.

[0062] Typical examples of a resin capable of forming the
first birefringent layer include a cyclic olefin-based resin and
a cellulose-based resin. Specifically, the first birefringent
layer is preferably formed of a cyclic olefin-based film or a
cellulose-based film.

[0063] The cyclic olefin-based resin is a general term for
a polymerized resin of a cyclic olefin as a polymerization
unit, and examples thereof include resins described in JP
1-240517 A, JP 3-14882 A, JP 3-122137 A, and the like.
Specific examples thereof include a ring-opened (co)poly-
mer of a cyclic olefin, an addition polymer of a cyclic olefin,
a copolymer (typically, a random copolymer) of a cyclic
olefin and an a-olefin such as ethylene or propylene, a graft
modified product containing those polymers modified with
an unsaturated carboxylic acid or a derivative thereof, and
hydrides thereof. A specific example of the cyclic olefin is a
norbornene-based monomer.

[0064] Examples of the norbornene-based monomer
include: norbornene, and an alkyl and/or alkylidene substi-
tute such as 5-methyl-2-norbornene, 5-dimethyl-2-nor-
bornene,  5-ethyl-2-norbornene,  5-butyl-2-norbornene,
5-ethylidene-2-norbornene, or a derivative thereof substi-
tuted by a polar group such as a halogen; dicyclopentadiene,
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2,3-dihydrodicyclopentadiene, or the like; dimethanooc-
tahydronaphthalene, a derivative thereof substituted by alkyl
and/or alkylidene, and a derivative thereof substituted by a
polar group such as a halogen, such as 6-methyl-1,4:5,8-
dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene, 6-ethyl-
1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene,
6-ethinyliden-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-octahy-
dronaphthalene, 6-chloro-1,4:5,8-dimethano-1,4,44,5.6,7,8,
8a-octahydronaphthalene, 6-cyano-1,4:5,8-dimethano-1.4,
4a,5,6,7 8,8a-octahydronaphthalene, 6-pyridyl-1,4:5,8-
dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene, or
6-methoxycarbonyl-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-
octahydronaphthalene; and a trimer or tetramer of cyclopen-
tadiene such as 4,9:5,8-dimethano-3a,4,4a,5,8,8a,9,9a-oc-
tahydro-1H-benzoindene, or 4,11:5,10:6,9-trimethano-3a,4,
4a,5,5a,6,9,92,10,10a,11,11a-dodecahydro-1H-
cyclopentaanthracene.

[0065] In the present invention, other cycloolefins which
may be subjected to ring opening polymerization may be
used in combination within a range not inhibiting the effect
of the present invention. A specific example of such a
cycloolefin is a compound having one reactive double bond
such as cyclopentene, cyclooctene, or 5,6-dihydrodicyclo-
pentadiene.

[0066] The cyclic olefin-based resin has a number average
molecular weight (Mn) preferably 25,000 to 200,000, more
preferably 30,000 to 100,000, and most preferably 40,000 to
80,000 measured through a gel permeation chromatography
(GPC) method by using a toluene solvent of. A number
average molecular weight within the above ranges can
provide excellent mechanical strength, and favorable solu-
bility, forming property, and casting operability.

[0067] In the case where the cyclic olefin-based resin is
prepared through hydrogenation of a ring opened polymer of
a norbornene-based monomer, a hydrogenation rate is pref-
erably 90% or more, more preferably 95% or more, and most
preferably 99% or more. A hydrogenation rate within the
above ranges can provide excellent heat degradation resis-
tance and light degradation resistance.

[0068] Various products of the cyclic olefin-based resin
are commercially available. Specific examples thereof
include: “ZEONEX” and “ZEONOR”, trade names, avail-
able from Zeon Corporation; “Arton”, trade name, available
from JSR Corporation; “Topas”, trade name, available from
Ticona; and “APEL”, trade name, available from Mitsui
Chemical Corporation.

[0069] The first birefringent layer may be obtained by
stretching a film formed of the cyclic olefin-based resin
(cyclic olefin-based film). A method of forming the cyclic
olefin-based film may employ any appropriate fabrication
method. Specific examples thereof include a compression
molding method, a transfer molding method, an injection
molding method, an extrusion molding method, a blow
molding method, a powder molding method, an FRP mold-
ing method, and a casting method. An extrusion molding
method or a casting method is preferred because a film to be
obtained has enhanced smoothness and favorable optical
uniformity. Molding conditions may appropriately be set in
accordance with the composition or kind of resin to be used,
properties desired for the first birefringent layer, and the like.
Note that numerous film products of the cyclic olefin-based
film are commercially available, and thus a commercially
available film as it is may be subjected to stretching treat-
ment.
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[0070] The cyclic olefin-based film may be free-end
stretched film or a fixed-end stretched film. The cyclic
olefin-based film is preferably a fixed-end stretched film.
Fixed-end stretching easily forms a film having an Nz
coeflicient relationship of 1<Nz=2. Further, fixed-end
stretching can provide a slow axis in a lateral direction
(width direction) of the film. Thus, in the case where a slow
axis of the film is arranged to be perpendicular to an
absorption axis of a polarizer, attachment of the film and the
polarizer may be conducted continuously by roll to roll, to
thereby increase production efficiency.

[0071] A stretching ratio of the cyclic olefin-based resin
film is preferably 1.2 to 4.0 times, more preferably 1.2t03.8
times, and most preferably 1.25 to 3.6 times. Stretching at
such a stretching ratio may provide a first birefringent layer
capable of appropriately exerting effects of the present
invention. In the case where the stretching ratio is less than
1.2 times, desired in-plane retardation required for the first
birefringent layer may not be developed. In the case where
the stretching ratio is more than 4.0 times, the film may
break or become brittle during stretching.

[0072] A stretching temperature of the cyclic olefin-based
resin is preferably 130 to 165° C., more preferably 135 to
165° C., and most preferably 137 to 165° C. Stretching at
such a temperature may provide a first birefringent layer
capable of appropriately exerting the effects of the present
invention. In the case where the stretching temperature is
lower than 130° C., uniform stretching may not be realized.
In the case where the stretching temperature is higher than
165° C., desired in-plane retardation required for the first
birefringent layer may not be developed.

[0073] The cellulose-based resin may employ any appro-
priate cellulose-based resin (typically, an ester of a cellulose
and an acid).

[0074] The cellulose-based resin is preferably substituted
by an acetyl group and a propionyl group. A lower limit of
a degree of substitution of the cellulose-based resin “DSac
(degree of acetyl substitution)+DSpr (degree of propionyl
substitution)” (indicating how many of three hydroxyl
groups present in a repeating unit of a cellulose is substituted
by an acetyl group or a propionyl group on average) is
preferably 2 or more, more preferably 2.3 or more, and
farthermore preferably 2.6 or more. An upper limit of
“DSac+DSpr” is preferably 3 or less, more preferably 2.9 or
less, and furthermore preferably 2.8 or less. The degree of
substitution of the cellulose-based resin is adjusted within
the above ranges, to thereby provide a first birefringent layer
having a desired refractive index profile.

[0075] A lower limit of DSpr (degree of propionyl sub-
stitution) is preferably 1 or more, more preferably 2 or more,
and furthermore preferably 2.5 or more. An upper limit of
DSpr is preferably 3 or less, more preferably 2.9 or less, and
furthermore preferably 2.8 or less. DSpr is adjusted within
the above ranges, to there by provide a first birefringent
layer capable of appropriately exerting the effects of the
present invention.

[0076] DSac (degree of acetyl substitution) and DSpr
(degree of propionyl substitution) can be determined by a
method described in paragraphs [0016] to [0019] of JP
2003-315538 A.

[0077] The cellulose-based resin may have another sub-
stituent excluding the acetyl group and the propionyl group.
Examples of the other substituent include: an ester group
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such as a butyrate group; and an ether group such as an alkyl
ether group or an aralkylene ether group.

[0078] A number average molecular weight of the cellu-
lose-based resin is preferably 5,000 to 100,000, and more
preferably 10,000 to 70,000. The number average molecular
weight thereof is adjusted within the above ranges, to
thereby provide excellent productivity and favorable
mechanical strength.

[0079] A method of substituting by the acetyl group and
propionyl group may employ any appropriate method. For
example, a cellulose may be treated with a strong caustic
soda solution to prepare an alkali cellulose, and the alkali
cellulose and a predetermined amount of a mixture of acetic
anhydride and propionic anhydride are mixed for acylation.
An acyl group is partly hydrolyzed for adjusting the degree
of substitution “DSac+DSpr”.

[0080] The cellulose-based film may contain any appro-
priate polymer material. Examples of such a polymer mate-
rial include: a cellulose ester such as cellulose butyrate; and
a cellulose ether such as methyl cellulose or ethyl cellulose.
The cellulose-based film may contain additives such as a
plasticizer, a heat stabilizer, and a UV stabilizer as required.

[0081] The first birefringent layer may be obtained by
stretching a film formed of the cellulose-based resin (cellu-
lose-based film). A method of forming the film from the
cellulose-based resin may employ any appropriate fabrica-
tion method. Specific examples thereof include a compres-
sion molding method, a transfer molding method, an injec-
tion molding method, an extrusion molding method, a blow
molding method, a powder molding method, an FRP mold-
ing method, and a casting method. An extrusion molding
method or a casting method is preferred because a film to be
obtained has enhanced smoothness and favorable optical
uniformity. Molding conditions may appropriately be set in
accordance with the composition or kind of resin to be used,
properties desired for the first birefringent layer, and the like.
Note that numerous film products of the cellulose-based film
are commercially available, and thus a commercially avail-
able film as it is may be subjected to stretching treatment.

[0082] The stretching of the cellulose-based resin film
preferably employs sequential stretching involving free-end
stretching in an MD direction and then free-end stretching in
a TD direction. The sequential stretching is conducted, and
thus the effects of the present invention may appropriately be
exerted.

[0083] Preferred conditions of the sequential stretching
include: free-end stretching in an MD direction at a stretch-
ing temperature of 120 to 160° C. and a stretching ratio at
1.2 to 2.0 times; and free-end stretching in a TD direction at
a stretching temperature of 120 to 160° C. and a stretching
ratio of 1.01 to 1.05 times. Such stretching conditions are
employed, and thus the effects of the present invention may
appropriately be exerted.

[0084] In the sequential stretching, the free-end stretching
in an MD direction is more preferably conducted at a
stretching temperature of 125 to 155° C. and a stretching
ratio of 1.2 to 1.9 times, and furthermore preferably con-
ducted at a stretching temperature of 130 to 150° C. and a
stretching ratio of 1.3 to 1.8 times.

[0085] In the sequential stretching, the free-end stretching
in a TD direction is more preferably conducted at a stretch-
ing temperature of 125 to 155° C. and a stretching ratio of
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1.01 to 1.05 times, and furthermore preferably conducted at
a stretching temperature of 130 to 150° C. and a stretching
ratio of 1.01 to 1.05 times.

E. Lamination of First Birefringent Layer and First Polarizer

[0086] In the optical film of the present invention, a
polarizer (first polarizer) and a birefringent layer (first
birefringent layer) are laminated directly through a pressure-
sensitive adhesive or an adhesive. As shown in FIG. 1 as an
example, the first polarizer 30 and the first birefringent layer
60 are laminated directly through a pressure-sensitive adhe-
sive or an adhesive.

[0087] A surface of the first birefringent layer to be
laminated to the first polarizer is preferably subjected to
easily adhesive treatment. The easily adhesive treatment is
preferably performed by applying a resin material.
Examples of the resin material include a silicon-based resin,
a urethane-based resin, and an acrylic resin. An easily
adhesive layer is formed through the easily adhesive treat-
ment. The easily adhesive layer has a thickness of preferably
5 to 100 nm, and more preferably 10 to 80 nm.

[0088] The first polarizer is laminated directly on the first
birefringent layer through a pressure-sensitive adhesive or
an adhesive. In the case where the first birefringent layer is
subjected to easily adhesive treatment, a surface of the first
birefringent layer subjected to the easily adhesive treatment
is laminated directly on the first polarizer through a pres-
sure-sensitive adhesive or an adhesive. The pressure-sensi-
tive adhesive forms a pressure-sensitive adhesive layer, and
the adhesive forms an adhesive layer. The pressure-sensitive
adhesive or the adhesive may be applied to the first polarizer,
to the first birefringent layer, or to both the first polarizer and
the first birefringent layer.

[0089] The thickness of the pressure-sensitive adhesive
layer may appropriately be set in accordance with the
intended use or adhesive strength. To be specific, the pres-
sure-sensitive adhesive layer has a thickness of preferably 1
pum to 100 pm, more preferably 3 um to 50 pum, still more
preferably 5 pm to 30 um, and most preferably 10 pm to 25

pm.
[0090] Any appropriate pressure-sensitive adhesive may
be employed as the pressure-sensitive adhesive forming the
pressure-sensitive adhesive layer. Specific examples thereof
include a solvent-type pressure-sensitive adhesive, a non-
aqueous emulsion-type pressure-sensitive adhesive, an
aqueous pressure-sensitive adhesive, and a hot-melt pres-
sure-sensitive adhesive. A solvent-type pressure-sensitive
adhesive containing an acrylic polymer as a base polymer is
preferably used for exhibiting appropriate pressure-sensitive
adhesive properties (wetness, cohesiveness, and adhesive
property) with respect to the first polarizer and the first
birefringent layer and providing excellent optical transpar-
ency, weatherability, and heat resistance.

[0091] The adhesive layer is formed by applying and
drying an application solution containing an adhesive in a
predetermined amount to a surface of the first birefringent
layer and/or a surface of the first polarizer, for example. Any
appropriate method may be employed as a method of
preparing the application solution. For example, a commer-
cially available solution or dispersion may be used, or a
solvent may be added to the commercially available solution
or dispersion and used. Alternatively, a solid content may be
dissolved or dispersed in various solvents and then used.
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[0092] Any adhesive having appropriate properties, form,
and adhesion mechanism may be used as the adhesive
depending on the purpose. Specific examples thereof include
an aqueous adhesive, a solvent-type adhesive, an emulsion-
type adhesive, a latex type adhesive, a mastic adhesive, a
multi-layer adhesive, a paste adhesive, a foamed adhesive,
and a supported-film adhesive; a thermoplastic adhesive, a
heat-melting adhesive, a thermocoagulation resin, a hot-melt
resin, a heat-activated resin, an adhesive for heat-sealing, a
thermosetting adhesive, a contact adhesive, a pressure-
sensitive adhesive, a polymerized adhesive, a solvent-type
adhesive, and a solvent-activated adhesive. Of those, in the
present invention, an aqueous adhesive which has excellent
transparency, adhesive property, workability, and quality of
a product, and is excellent in economic term is preferably
used.

[0093] The aqueous adhesive contains a water-soluble
natural polymer and/or synthetic polymer as the main com-
ponent(s). Specific examples of the natural polymer include
proteins and starch. Specific examples of the synthetic
polymer include a resole resin, a urea resin, a melamine
resin, polyvinyl alcohol, polyethylene oxide, polyacryla-
mide, polyvinyl pyrrolidone, an acrvlate, and a methacry-
late.

[0094] Of the water-soluble adhesives, an adhesive con-
taining as a main component a polyvinyl alcohol-based resin
is preferably used in the present invention, and an adhesive
containing as a main component modified polyvinyl alcohol
having an acetoacetyl group (polyvinyl alcohol-based resin
having an acetoacetyl group) is more preferably used
because of extremely excellent adhesiveness to the first
polarizer and extremely excellent adhesiveness to the first
birefringent layer. Specific examples of the above-men-
tioned polyvinyl alcohol-based resin having an acetoacetyl
group include: “GOHSENOL Z series” (trade name, avail-
able from Nippon Synthetic Chemical Industry Co., Ltd.);
“GOHSENOL NH series” (trade name, available from Nip-
pon Synthetic Chemical Industry Co., Ltd.); and
“GOHSEFIMER 7 series” (trade name, available from
Nippon Synthetic Chemical Industry Co., Ltd.).

[0095] Examples of the above-mentioned polyvinyl alco-
hol-based resin include: a saponified product obtained by
saponifying polyvinyl acetate; derivatives thereof; a saponi-
fied product of a copolymer obtained by copolymerizing
vinyl acetate with a monomer having copolymerizability
with vinyl acetate; and a modified polyvinyl alcchol
obtained by modifying polyvinyl alcohol to acetal, urethane,
ether, graft, phosphate, or the like. Examples of the mono-
mer include: unsaturated carboxylic acids such as maleic
anhydrides or maleic acid, fumaric acid, crotonic acid,
itaconic acid, and (meth)acrylic acid and esters thereof;
a-orefin such as ethylene and propylene; (sodium) (meth)
allylsulfonate; sodium sulfonate (monoalkylmalate); sodium
disulfonate alkylmalate; N-methylol acrylamide; alkali salts
of acrylamide alkylsulfonate; N-vinylpyrrolidone; and
derivatives of N-vinylpyrrolidone. The resins may be used
alone or two or more of them may be used in combination.

[0096] The polyvinyl alcohol-based resin has an average
degree of polymerization of preferably approximately 100 to
5,000, and more preferably 1,000 to 4,000, and an average
degree of saponification of preferably approximately 85 to
100 mol %, and more preferably 90 to 100 mol % from a
viewpoint of adhesiveness.
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[0097] The polyvinyl alcohol-based resin having an
acetoacetyl group may be obtained through a reaction of a
polyvinyl alcohol-based resin and a diketene by any appro-
priate method, for example. Specific examples thereof
include: a method of adding a diketene to a dispersion
containing a polyvinyl alcohol-based resin dispersed in a
solvent such as acetic acid; a method of adding a diketene to
a solution containing a polyvinyl alcohol-based resin dis-
solved in a solvent such as dimethyl formamide or dioxane;
and a method of subjecting a diketene gas or a liquid
diketene to direct contact with a polyvinyl alcohol-based
resin.

[0098] A degree of acetoacetyl modification of the poly-
vinyl alcohol-based resin having an acetoacetyl group is
representatively 0.1 mol % or more, preferably approxi-
mately 0.1 to 40 mol %, more preferably 1 to 20 mol %, and
particularly preferably 2 to 7 mol %. There is a risk that a
degree of acetoacetyl modification of less than 0.1 mol %
provides insufficient water resistance. A degree of
acetoacetyl modification of more than 40 mol % provides a
small effect of improving the water resistance. It should be
noted that the degree of acetoacetyl modification is a value
measured by NMR.

[0099] The water-soluble adhesive containing as a main
component a polyvinyl alcohol-based resin may preferably
further contain a crosslinking agent to further improve water
resistance. The crosslinking agent may employ any appro-
priate crosslinking agent. A compound having at least two
functional groups each having reactivity with the polyvinyl
alcohol-based resin can be used as the crosslinking agent.
Examples of the compound include: alkylene diamines
having an alkylene group and two amino groups such as
ethylene diamine, triethylene diamine, and hexamethylene
dimamine; isocyanates such as tolylene diisocyanate, hydro-
genated tolylene diisocyanate, a trimethylol propane
tolylene diisocyanate adduct, triphenylmethane triisocyan-
ate, methylene bis(4-phenylmethane)triisocyanate, isophor-
one diisocyanate, and ketoxime blocked compounds and
phenol blocked compounds thereof; epoxies such as ethyl-
ene glycol diglycidyl ether, polyethylene glycol diglycidyl
ether, glycerin di- or triglycidyl ether, 1,6-hexane diol dig-
lycidyl ether, trimethylol propane triglycidyl ether, digly-
cidyl aniline, and diglycidyl amine; monoaldehydes such as
formaldehyde, acetaldehyde, propione aldehyde, and butyl
aldehyde; dialdehydes such as glyoxal, malondialdehyde,
succinedialdehyde, glutardialdehyde, maleic dialdehyde,
and phthaldialdehyde; an amino/formaldehyde resin such as
a condensate of formaldehyde with methylolurea; methy-
lolmelamine, alkylated methylolurea, alkylated methylol
melamine, acetoguanamine, or benzoguanamine; and salts
of divalent metals or trivalent metals such as sodium,
potassium, magnesium, calcium, aluminum, iron, and nickel
and oxides thereof. Of those, an amino/formaldehyde resin
and dialdehydes are preferred. A compound having a methy-
lol group is preferred as an amino/formaldehyde resin, and
glyoxal is preferred as dialdehydes. Of those, a compound
having a methylol group is preferred, and methylol
melamine is particularly preferred. Specific examples of the
aldehyde compound include: “Glyoxal” (trade name, avail-
able from Nippon Synthetic Chemical Industry Co., Ltd.);
and “Sequarez 755” (trade name, available from OMNOVA
Solutions Inc.). A specific example of the amine compound
is “m-Xylenediamine” (trade name, available from Mitsub-
ishi Gas Chemical Company, Inc.). A specific example of the
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methylol compound is “WATERSOL series” (trade name,
available from Dainippon Ink and Chemicals, Incorporated).
[0100] A mixing amount of the crosslinking agent is
preferably 1 to 60 parts by weight with respect to 100 parts
by weight of polyvinyl alcohol (preferably a polyvinyl
alcohol-based resin having an acetoacetyl group). An upper
limit of the mixing amount is more preferably 50 parts by
weight, furthermore preferably 30 parts by weight, and still
furthermore preferably 15 parts by weight, particularly pref-
erably 10 parts by weight, and most preferably 7 parts by
weight. A lower limit of the mixing amount is more pref-
erably 5 parts by weight, furthermore preferably 10 parts by
weight, and particularly preferably 20 parts by weight. The
mixing amount is adjusted within the above ranges, to
thereby form an adhesive layer having excellent transpar-
ency, adhesive property, and water resistance. Note that in
the case where the mixing amount of the crosslinking agent
is large, a reaction of the crosslinking agent proceeds in a
short period of time and the adhesive tends to undergo
gelling. As a result, a pot life of the adhesive is significantly
reduced, and industrial use may involve difficulties. How-
ever, in the case where a metal compound colloid is used in
combination as described below, the crosslinking agent in a
large mixing amount may be used stably.

[0101] A water-soluble adhesive containing as a main
component the polyvinyl alcohol-based resin may further
contain a metal compound colloid. The metal compound
colloid may contain metal compound fine particles dispersed
in a dispersion medium and may be realize electrostatic
stabilization based on mutual repulsion of like charges of the
fine particles and may have permanent stability. An average
particle size of the fine particles forming the metal com-
pound colloid may be any appropriate value without pro-
viding adverse effects on optical properties such as polar-
ization properties. The average particle size thereof is
preferably 1 to 100 nm, and more preferably 1 to 50 nm for
uniformly dispersing the fine particles in the adhesive layer,
assuring adhesive property, and suppressing knicks. Note
that the term “knicks” refers to local uneven defects formed
at an interface between the polarizer and the protective layer.
[0102] The metal compound may employ any appropriate
compound. Examples thereof include: a metal oxide such as
alumina, silica, zirconia, or titania; a metal salt such as
aluminum silicate, calcium carbonate, magnesium silicate,
zine carbonate, barium carbonate, or calcium phosphate; and
a mineral such as celite, talc, clay, or kaolin. Alumina is
preferred.

[0103] The metal compound colloid is typically dispersed
in a dispersion medium and present in a state of a colloidal
solution. Examples of the dispersion medium include water
and alcohols. A solid content in the colloidal solution is
typically about 1 to 50 wt %. The colloidal solution may
contain as a stabilizer an acid such as nitric acid, hydro-
chloric acid, or acetic acid.

[0104] The mixing amount of the metal compound colloid
(solid content) is preferably 200 parts by weight or less,
more preferably 10 to 200 parts by weight, furthermore
preferably 20 to 175 parts by weight, and most preferably 30
to 150 parts by weight with respect to 100 parts by weight
of the polyvinyl alcohol-based resin for assuring adhesive
property and suppressing formation of knicks.

[0105] A method of preparing the adhesive may employ
any appropriate method. For example, in the case where the
adhesive contains a metal compound colloid, an example of
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the method is a method of mixing a metal compound colloid
into a mixture of a polyvinyl alcohol and a crosslinking
agent mixed in advance to an appropriate concentration.
Alternatively, a polyvinyl alcohol-based resin and a metal
compound colloid may be mixed, and then a crosslinking
agent may be mixed thereinto in consideration of use timing
and the like. Note that a concentration of a resin solution
may be adjusted after preparation of the resin solution.
[0106] A resin concentration of the adhesive is preferably
0.1to 15 wt %, and more preferably 0.5 to 10 wt % from the
viewpoints of applicability, shelf stability, and the like.
[0107] A pH of the adhesive is preferably 2 to 6, more
preferably 2.5 to 5, furthermore preferably 3 to 5, and most
preferably 3.5 to 4.5. In general, a surface charge of the
metal compound colloid may be controlled by adjusting the
pH. The surface charge is preferably a positive charge. The
metal compound colloid has a positive charge, and thus
formation of knicks may be suppressed, for example.
[0108] A concentration of the total solid content in the
adhesive may vary depending on the solubility, application
viscosity, wetting property, intended thickness, and the like
of the adhesive. The concentration of the total solid content
is preferably 2 to 100 (weight ratio), more preferably 10 to
50 (weight ratio), and most preferably 20 to 40 (weight ratio)
with respect to 100 of a solvent. A concentration of the total
solid content in the adhesive within the above ranges can
provide an adhesive layer having a highly even surface.
[0109] A viscosity of the adhesive is not particularly
limited, but is preferably 1 to 50 (mPa.s), more preferably 2
to 30 (mPa.s), and most preferably 4 to 20 (mPa.s) measured
at 23° C. and a shear rate of 1,000 (1/s). A viscosity of the
adhesive within the above ranges allows formation of an
adhesive layer having excellent surface evenness.

[0110] Any appropriate method may be employed as a
method of applying the adhesive, and an example thereof is
an application method using a coater. A coater to be used
may be arbitrarily selected from the above-described coat-
ers.

[0111] A glass transition temperature (Tg) of the adhesive
is not particularly limited, but is preferably 20 to 120° C.,
more preferably 40 to 100° C., and most preferably 50 to 90°
C. The glass transition temperature can be determined
through a method in accordance with JIS K7121-1987 by
differential scanning calorimetry (DSC) measurement.
[0112] A thickness of the adhesive layer is not particularly
limited, but is preferably 0.01 to 0.15 pm, more preferably
0.02 to 0.12 um, and most preferably 0.03 to 0.09 um. A
thickness of the adhesive layer within the above ranges can
provide a polarizing plate having excellent durability caus-
ing no peeling or floating of the polarizer even when the
polarizing plate of the present invention is exposed to high
temperature and high humidity environment.

[0113] The adhesive may contain a coupling agent such as
a silane coupling agent or a titanium coupling agent, various
tackifiers, an UV absorber, an antioxidant, a stabilizer such
as a heat resistant stabilizer or a hydrolysis resistant stabi-
lizer, and the like.

F. Second Birefringent Layer

[0114] The second birefringent layer has a relationship of
nx=ny>nz. The second birefringent layer may be a mono-
layer or a laminate of two or more layers. In the laminate, the
material used for forming each layer and the thickness of
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each layer may appropriately be set as long as the laminate
as a whole has optical properties as described above.
[0115] In the case where the second birefringent layer has
a relationship of nx=ny>nz, the second birefringent layer
may serve as a so-called negative C plate. The second
birefringent layer having such a refractive index profile may
be used in combination with a specific first birefringent
layer, and thus the effects of the present invention may
effectively be attained. As described above, in the specifi-
cation of the present invention, the expression “nx=ny” not
only refers to the case where nx and ny are exactly equal but
also includes the case where nx and ny are substantially
equal. Thus, the second birefringent layer may have in-plane
retardation and may have a slow axis. An allowable in-plane
retardation And of the second birefringent layer as a negative
C plate for practical use is preferably 0 to 20 nm, more
preferably 0 to 10 nm, and furthermore preferably 0 to 5 nm.
[0116] A thickness direction retardation Rth of the second
birefringent layer is preferably 30 to 350 nm, more prefer-
ably 60 to 300 nm, furthermore preferably 80 to 260 nm, and
most preferably 100 to 240 nm.

[0117] The thickness of the second birefringent layer
having such a thickness direction retardation may vary
depending on the kind of materials to be used and the like.
For example, the thickness of the second birefringent layer
is preferably 1 to 50 pm, more preferably 1 to 20 pm,
furthermore preferably 1 to 15 um, still furthermore prefer-
ably 1 to 10 pm, particularly preferably 1 to 8 pm, and most
preferably 1 to 5 pm. Such a thickness is smaller than a
thickness (60 pm or more, for example) of a negative C plate
obtained through biaxial stretching and may significantly
contribute to reduction in thickness of an image display
apparatus. Further, the second birefringent layer may be
formed to be extremely thin, to thereby significantly prevent
uneven heating.

[0118] A material used for forming the second birefringent
layer may employ any appropriate material as long as the
optical properties as described above can be obtained. Pref-
erably, the second birefringent layer is a coated layer of a
non-liquid crystalline material because the thickness thereof
can be remarkably reduced compared with a thickness of a
stretched film and may contribute to reduction in thickness
of a liquid crystal panel. Preferably, the non-liquid crystal-
line material is a non-liquid crystalline polymer. In the case
where such a non-liquid crystalline material is used for a
coated layer, the non-liquid crystalline material differs from
a liquid crystalline material and may form a film having
optical uniaxial property of nx>nz and ny>nz due to its
property regardless of alignment property of a substrate. As
a result, not only an aligned substrate but also a non-aligned
substrate may be used. Further, even in the case where a
non-aligned substrate is used, a step of applying an aligned
film to its surface, laminating an aligned film thereon, or the
like may be omitted.

[0119] Examples of the non-liquid crystalline material
include polymers described in paragraphs (0018) to (0072)
of JP 2004-46065 such as a polyamide, a polyimide, a
polyester, a polyether ketone, a polyamideimide, and a
polyestermide because those polymers have excellent heat
resistance, chemical resistance, and transparency, and high
rigidity. One kind of polymer may be used alone, or the
polymers may be used as a mixture of two or more kinds of
polymers having different functional groups such as a mix-
ture of polyarylether ketone and polyamide, for example. Of
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the polymers, a polyimide is particularly preferred because
of high transparency, high alignment property, and high
stretching property.

[0120] A molecular weight of the polymer is not particu-
larly limited. However, the polymer has a weight average
molecular weight (Mw) of preferably within a range of
1,000 to 1,000,000, more preferably within a range of 2,000
to 500,000, for example.

[0121] Polyimide which has high in-plane alignment abil-
ity and which is soluble in an organic solvent is preferred as
polyimide used in the present invention, for example. More
specifically, a polymer disclosed in JP 2000-511296 A,
containing a condensation polymerization product of 9,9-
bis(aminoaryl) fluorene and aromatic tetracarboxylic dian-
hydride, and containing at least one repeating unit repre-
sented by the following formula (1) can be used.

M

[0122] In the above formula (1), R? to R® independently
represent at least one type of substituent selected from
hydrogen, a halogen, a phenyl group, a phenyl group sub-
stituted with 1 to 4 halogen atoms or 1 to 4 alkyl groups each
having 1 to 10 carbon atoms, and an alkyl group having 1 to
10 carbon atoms. Preferably, R? to R® independently repre-
sent at least one type of substituent selected from a halogen,
a phenyl group, a phenyl group substituted with 1 to 4
halogen atoms or 1 to 4 alkyl groups each having 1 to 10
carbon atoms, and an alkyl group having 1 to 10 carbon
atoms.

[0123] In the above formula (1), Z represents a tetravalent
aromatic group having 6 to 20 carbon atoms, and preferably
represents a pyromellitic group, a polycyclic aromatic
group, a derivative of the polycyclic aromatic group, or a
group represented by the following formula (2), for
example.

[0124] In the above formula (2), Z' represents a covalent
bond, a C(R”), group, a CO group, an O atom, an S atom,
an SO, group, an Si(C,H), group, or an NR® group. A
plurality of Z’s may be the same or different from each other.
w represents an integer of 1 to 10. Rs independently
represent hydrogen or a C(R®), group. R®represents hydro-
gen, an alkyl group having 1 to about 20 carbon atoms, or
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an aryl group having 6 to 20 carbon atoms. A plurality of R®s
may be the same or different from each other. R’ indepen-
dently represent hydrogen, fluorine, or chlorine.

[0125] An example of the polycyclic aromatic group
includes a tetravalent group derived from naphthalene, fluo-
rene, benzofluorene, or anthracene. An example of the
substituted derivative of the polycyclic aromatic group
includes the above polycyclic aromatic group substituted
with at least a group selected from an alkyl group having 1
to 10 carbon atoms, a fluorinated derivative thereof, and a
halogen such as F or Cl.

[0126] Other examples of the polyimide include: a
homopolymer disclosed in JP 08-511812 A and containing a
repeating unit represented by the following general formula
(3) or (4); and polyimide disclosed therein and containing a
repeating unit represented by the following general formula
(5). Note that, polyimide represented by the following
formula (5) is a preferred form of the homopolymer repre-
sented by the following formula (3).
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In the above general formulae (3) to (5), G and G

[0127]
independently represent a covalent bond, a CH, group, a
C(CH,), group, a C(CF;), group, a C(CX,), group (wherein,
X represents a halogen), a CO group, an O atom, an S atom,
an SO, group, an Si(CH,CH,), group, or an N(CH;) group,
for example. G and G' may be the same or different from
each other.

[0128] In the above formulae (3) and (5), L is a substitu-
ent, and d and e each represent the number of the substitu-
ents. L represents a halogen, an alkyl group having 1 to 3
carbon atoms, a halogenated alkyl group having 1 to 3
carbon atoms, a phenyl group, or a substituted phenyl group,
for example. A plurality of Ls may be the same or different
from each other. An example of the substituted phenyl group
includes a substituted phenyl group having at least one type
of substituent selected from a halogen, an alkyl group having
1 to 3 carbon atoms, and a halogenated alkyl group having
1 to 3 carbon atoms, for example. Examples of the halogen
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include fluorine, chlorine, bromine, and iodine. d represents
an integer of 0 to 2, and e represents an integer of 0 to 3.

[0129] In the above formulae (3) to (5), Q is a substituent,
and f represents the number of the substituents. Q represents
an atom or a group selected from hydrogen, a halogen, an
alkyl group, a substituted alkyl group, a nitro group, a cyano
group, a thioalkyl group, an alkoxy group, an aryl group, a
substituted aryl group, an alkyl ester group, and a substituted
alkyl ester group, for example. A plurality of Qs may be the
same or different from each other. Examples of the halogen
include fluorine, chlorine, bromine, and iodine. An example
of the substituted alkyl group includes a halogenated alkyl
group. An example of the substituted aryl group includes a
halogenated aryl group. f represents an integer of 0 to 4, and
g represents an integer of 0 to 3. h represents an integer of
1to 3. g and h are each preferably larger than 1.

[0130] In the above formula (4), R' and R indepen-
dently represent an atom or a group selected from hydrogen,
a halogen, a phenyl group, a substituted phenyl group, an
alkyl group, and a substituted alkyl group. Preferably, R*°
and R*! independently represent a halogenated alkyl group.
[0131] Inthe above formula (5), M* and M? independently
represent a halogen, an alkyl group having 1 to 3-carbon
atoms, a halogenated alkyl group having 1 to 3 carbon
atoms, a phenyl group, or a substituted phenyl group, for
example. Examples of the halogen include fluorine, chlo-
rine, bromine, and iodine. An example of the substituted
phenyl group includes a substituted phenyl group having at
least one type of substituent selected from the group con-
sisting of a halogen, an alkyl group having 1 to 3 carbon
atoms, and a halogenated alkyl group having 1 to 3 carbon
atoms.

[0132] A specific example of the polyimide represented by
the above formula (3) includes a compound represented by
the following formula (6).

(6)
(0] CFs O CF;
OO0
CF,
0 0 CF;

[0133] Another example of the polyimide includes a
copolymer prepared through arbitrary copolymerization of
acid dianhydride having a skeleton (repeating unit) other
than that as described above and diamine.
[0134] An example of the acid dianhydride includes an
aromatic tetracarboxylic dianhydride. Examples of the aro-
matic tetracarboxylic dianhydride include pyromellitic dian-
hydride, benzophenone tetracarboxylic dianhydride, naph-
thalene tetracarboxylic dianhydride, heterocyclic aromatic
tetracarboxylic dianhydride, and 2,2'-substituted biphe-
nyltetracarboxylic dianhydride.
[0135] Examples of the pyromellitic dianhydride include:
pyromellitic dianhydride: 3,6-diphenyl pyromellitic dianhy-
dride; 3,6-bis(trifluoromethyl)pyromellitic dianhydride; 3,6-
dibromopyromellitic dianhydride; and 3,6-dichloropyromel-
litic dianhydride. Examples of the benzophenone
tetracarboxylic dianhydride include: 3,3',4,4'-benzophenone

tetracarboxylic dianhydride; 2,3,3'.4'-benzophenone tetra-
carboxylic dianhydride; and 2,2',3,3'-benzophenone tetra-
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carboxylic dianhydride. Examples of the naphthalene tetra-
carboxylic dianhydride include: 2,3,6,7-naphthalene
tetracarboxylic dianhydride; 1,2,5,6-naphthalene tetracar-
boxylic dianhydride; and 2,6-dichloronaphthalene-1,4,5,8-
tetracarboxylic dianhydride. Examples of the heterocyclic
aromatic tetracarboxylic dianhydride include: thiophene-2,
3,4,5-tetracarboxylic dianhydride; pyrazine-2,3,5,6-tetracar-
boxylic dianhydride; and pyridine-2,3,5,6-tetracarboxylic
dianhydride. Examples of the 2,2'-substituted biphenyltet-
racarboxylic dianhydride include: 2,2'-dibromo-4,4',5,5"-bi-
phenyltetracarboxylic dianhydride; 2,2'-dichloro-4,4',5,5'-
biphenyltetracarboxylic ~ dianhydride; and  2,2'-bis
(trifluoromethyl)-4,4',5,5'-biphenyltetracarboxylic
dianhydride.

[0136] Further examples of the aromatic tetracarboxylic
dianhydride include: 3,3'.4,4'-biphenyltetracarboxylic dian-
hydride; bis(2,3-dicarboxyphenyl)methane dianhydride; bis
(2,5,6-trifluoro-3,4-dicarboxyphenyl)methane dianhydride;
2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropro-
pane dianhydride; 4,4'-bis(3,4-dicarboxyphenyl)-2,2-diphe-
nylpropane dianhydride; bis(3,4-dicarboxyphenyl)ether
dianhydride; 4,4'-oxydiphthalic dianhydride; bis(3,4-dicar-
boxyphenyl)sulfonic dianhydride; 3,3',4,4'-diphenylsulfone
tetracarboxylic dianhydride; 4,4'-[4,4'-isopropylidene-di(p-
phenyleneoxy)]bis(phthalic anhydride); N,N-(3,4-dicarbox-
yphenyl)-N-methylamine dianhydride; and bis(3,4-dicar-
boxyphenyl)diethylsilane dianhydride.

[0137] Of those, the aromatic tetracarboxylic dianhydride
is preferably 2,2'-substituted biphenyltetracarboxylic dian-
hydride, more preferably 2,2'-bis(trihalomethyl)-4,4',5,5'-
biphenyltetracarboxylic dianhydride, and furthermore pref-
erably 2,2 bis(trifluoromethyl)-4,4',5,5'-
biphenyltetracarboxylic dianhydride.

[0138] An example of the diamine includes aromatic
diamine. Specific examples of the aromatic diamine include
benzenediamine, diaminobenzophenone, naphthalenedi-
amine, heterocyclic aromatic diamine, and other aromatic
diamines.

[0139] Examples of the benzenediamine include benzene-
diamines such as o-, m-, or p-phenylenediamine, 2,4-diami-
notoluene, 1,4-diamino-2-methoxybenzene, 1,4-diamino-2-
phenylbenzene, and 1,3-diamino-4-chlorobenzene.
Examples of the diaminobenzophenone include 2,2'-diami-
nobenzophenone and 3,3'-diaminobenzophenone. Examples
of the naphthalenediamine include 1,8-diaminonaphthalene
and 1,5-diaminonaphthalene. Examples of the heterocyclic
aromatic diamine include 2,6-diaminopyridine, 2,4-diami-
nopyridine, and 2,4-diamino-S-triazine.

[0140] Further examples of the aromatic diamine include:
4.4'-diaminobiphenyl; 4.4'-diaminodiphenylmethane; 4,4'-
(9-fluorenylidene)-dianiline; 2,2'-bis(trifluoromethyl)-4,4'-
diaminobiphenyl; 3,3"-dichloro-4,4'-diaminodiphenyl-
methane;  2,2'-dichloro-4.4'-diaminobiphenyl;  2,2',5,5'-
tetrachlorobenzidine; 2,2-bis(4-aminophenoxyphenyl)
propane;  2,2-bis(4-aminophenyl)propane;  2,2-bis(4-
aminophenyl)-1,1,1,3,3,3-hexafluoropropane; 4,4'-
diaminodiphenyl ether; 3,4'-diaminodiphenyl ether; 1,3-bis
(3-aminophenoxy)benzene; 1,3-bis(4-aminophenoxy)
benzene; 1,4-bis(4-aminophenoxy)benzene; 4,4'-bis(4-
aminophenoxy )biphenyl, 4,4'-bis(3-aminophenoxy)
biphenyl; 2,2-bis[4-(4-aminophenoxy)phenyl|propane; 2,2-
bis[4-(4-aminophenoxy)phenyl]-1,1,1,3,3,3-
hexafluoropropane; 4,4'-diaminodiphenyl thioether; and
4,4'-diaminodiphenylsulfone.
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[0141] Next, description will be given of a method of
forming a second birefringent layer through coating by using
a non-liquid crystalline polymer as described above. The
method of forming a second birefringent layer may employ
any appropriate method as long as a second birefringent
layer having the optical propetties as described above can be
obtained. A typical production method includes a step of
applying a solution of the non-liquid crystalline polymer to
a substrate film and a step of forming a non-liquid crystalline
polymer layer by removing a solvent in the solution. The
non-liquid crystalline polymer layer may be formed through
direct application to a polarizer (typically, a protective layer
of a polarizer) (that is, the protective layer of the polarizer
may also serve as a substrate film), or the non-liquid
crystalline polymer layer may be formed on any appropriate
substrate and then transferred to a polarizer (typically, a
protective layer of a polarizer). A method involving transfer
may further include peeling off of the substrate.

[0142] The substrate film may employ any appropriate
film. A typical example of the substrate film is a plastic film
to be used for the protective layer of the polarizer as
described above. The protective layer of the polarizer itself
may also serve as a substrate film.

[0143] Examples of the solvent of the coating solution
include, but not limited to: halogenated hydrocarbons such
as chloroform, dichloromethane, carbon tetrachloride,
dichloroethane, tetrachloroethane, trichloroethylene, tetra-
chloroethylene, chlorobenzene, and ortho-dichlorobenzene;
phenols such as phenol and parachlorophenol; aromatic
hydrocarbons such as benzene, toluene, xylene, methoxy-
benzene, and 1,2-dimethoxybenzene; ketone-based solvents
such as acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexanone, cyclopentanone, 2-pyrrolidone, and
N-methyl-2-pyrrolidone; ester-based solvents such as ethyl
acetate and butyl acetate; alcohol-based solvents such as
t-butyl alcohol, glycerine, ethylene glycol, triethylene gly-
col, ethylene glycol monomethylether, diethylene glycol
dimethylether, propylene glycol, dipropylene glycol, and
2-methyl-2,4-pentanediol; amide-based solvents such as
dimethylformamide and dimethylacetamide; nitrile-based
solvents such as acetonitrile and butyronitrile; ether-based
solvents such as diethyl ether, dibutyl ether, and tetrahydro-
furane; carbon disulfide; ethyl cellosolve; and butyl cello-
solve. Of those, methy] isobutyl ketone is preferred, because
non-liquid crystal materials exhibits high solubility in the
solvent and the solvent does not corrode the substrate. Each
of those solvents can be used alone, or two or more of them
can be used in combination.

[0144] The concentration of the non-liquid crystalline
polymer in the application solution may employ any appro-
priate concentration as long as a second birefringent layer as
described above can be obtained and the application solution
can be applied. For example, the solution contains prefer-
ably 5 to 50 parts by weight, and more preferably 10 to 40
parts by weight of the non-liquid crystalline polymer with
respect to 100 parts by weight of a solvent. The solution
having such a concentration range has a viscosity allowing
easy application.

[0145] The application solution may further contain vari-
ous additives such as a stabilizer, a plasticizer, and metals as
required.

[0146] The application solution may further contain
another different resin as required. Examples of the other
resin include various general-purpose resins, an engineering
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plastic, a thermoplastic resin, and a heat-curable resin. Such
aresin is used in combination, and thus a second birefringent
layer having appropriate mechanical strength or durability in
accordance with the purpose can be formed.

[0147] Examples of the general-purpose resin include
polyethylene (PE), polypropylene (PP), polystyrene (PS),
polymethylmethacrylate (PMMA), an ABS resin, and an AS
resin. Examples of the engineering plastic include polyac-
etate (POM), polycarbonate (PC), polyamide (PA: nylon),
polyethylene terephthalate (PET), and polybutylene tereph-
thalate (PBT). Examples of the thermoplastic resin include
polyphenylene sulfide (PPS), polyether sulfone (PES),
polyketone (PK), polyimide (PI), polycyclohexane dimetha-
nol terephthalate (PCT), polyallylate (PAR), and a liquid
crystal polymer (LCP). Examples of the thermosetting resin
include an epoxy resin and a phenol novolac resin. The type
and amount of another different resin to be added to the
application solution may appropriately be set in accordance
with the purpose. For example, such a resin is added to the
non-liquid crystalline polymer in a ratio of preferably 0 to
50% by weight, and more preferably 0 to 30% by weight.
[0148] Examples of a method of applying the solution
include: a spin coating method; a roll coating method; a flow
coating method; a printing method; a dip coating method; a
flow casting method; a bar coating method; and a gravure
printing method. For application, a polymer layer superpo-
sition method may also be used as required.

[0149] After application, the solvent in the above-men-
tioned solution is evaporated and removed by drying such as
natural drying, air drying, or heat drying (at 60 to 250° C,,
for example), to thereby form a film-like optical compen-
sation layer.

[0150] Examples of a material used for forming the second
birefringent layer include: poly(4.4'-hexafluoroisopropy-
lidene-bisphenol)terephthalate-co-isophthalate;  poly(4,4'-
hexahydro-4,7-methanoindane-5-ylidenebisphenol tereph-
thalate; poly(4,4'-isopropylidene-2,2',6,6'-
tetrachlorobisphenol)terephthalate-co-isophthalate; poly(4,
4'-hexafluoroisopropylidene)-bisphenol-co-(2-
norbornylidene)-bisphenolterephthalate; poly(4,4'-
hexahydro-4,7-methanoindene-5-ylidene)-bisphenol-co-(4,
4'-isopropylidene-2,2',6,6'-tetrabromo)-
bisphenolterephthalate; poly(4,4'-isopropylidene-bisphenol-
co-4,4'-(2-norbornylidene)bisphenol)terephthalate-co-
isophthalate; and copolymers thereof. One kind of material
may be used, or two or more kinds thereof may be used in
combination.

G. Lamination of Second Birefringent Layer and Second
Polarizer

[0151] As described above, the second birefringent layer
of the present invention is preferably formed as a coated
layer on a substrate. In the case where the substrate also
serves as a protective layer of the polarizer (for example, in
the case where the substrate is formed of a cellulose-based
film such as a triacetyl cellulose film), a side opposite to the
coated layer of the substrate is preferably directly laminated
to the second polarizer through a pressure-sensitive adhesive
or an adhesive. In the case where the substrate does not serve
as a protective layer of the polarizer, the coated layer is
transferred to the second polarizer (typically, a protective
layer of the second polarizer), and the substrate is preferably
peeled off. Details of the pressure-sensitive adhesive and the
adhesive are as described above.
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[0152] Hereinafter, the present invention will be more
specifically described by way of examples. However, the
present invention is not limited to the examples. Methods of
measuring characteristics in the examples are as described
below.

(Measurement of Retardation)

[0153] Refractive indices nx, ny, and nz of a sample film
were measured with an automatic birefringence analyzer
(Automatic birefringence analyzer KOBRA-WPR manufac-
tured by Oji Scientific Instruments), and an in-plane retar-
dation And and a thickness direction retardation Rth were
calculated. A measurement temperature was 23° C., and a
measurement wavelength was 590 nm.

(Measurement of Contrast)

[0154] An azimuth angle was varied from 0 to 360° at a
polar angle of 60°, and contrasts at azimuth angles of 45°,
135°,225° and 315° were measured by using “EZ Contrast
160D” (trade name, manufactured by ELDIM SA). An
average value of the contrasts was determined. Note that the
azimuth angle and the polar angle are as shown in FIG. 4.

(Measurement of Color Shift)

[0155] Tones of a liquid crystal display apparatus at an
azimuth angle varying from 0 to 360° and a polar angle of
60° were measured by using “EZ Contrast 160D” (trade
name, manufactured by ELDIM SA), and were plotted on an
Xy chromaticity diagram.

(Measurement of Black Luminance)

[0156] A relationship between the azimuth angle and black
luminance was plotted at a polar angle of 60° and an azimuth
angle varying from -180 to 180° by using “EZ Contrast
160D” (tradename, manufactured by ELDIM SA).

REFERENCE EXAMPLE 1

Production of Polarizer (May Be Referred To As
First Polarizer or Second Polarizer)

[0157] Apolyvinyl alcohol film was colored in an aqueous
solution containing iodine, and the resultant was uniaxially
stretched to a six times length between rolls with different
speed ratios in an aqueous solution containing boric acid, to
thereby produce a polarizer.

REFERENCE EXAMPLE 2
Preparation of Polyvinyl Alcohol-based Adhesive

[0158] 50 parts by weight of methylol melamine with
respect to 100 parts by weight of a polyvinyl alcohol-based
resin having an acetoacetyl group (trade name:
“GOHSEFIMER 72007, available from Nippon Symnthetic
Chemical Industry Co., Ltd., average degree of polymeriza-
tion: 1,200, degree of saponification: 98.5 mol %; degree of
acetoacetylation: 5 mol %) was dissolved in pure water
under temperature conditions of 30° C., to thereby prepare
an aqueous solution adjusted to have a solid content of 3.7%.
To 100 parts by weight of this aqueous solution, 18 parts by
weight of an aqueous alumina colloidal solution (average
particle size: 15 nm, solid content: 10%, positive charge)
was added. to thereby prepare an aqueous adhesive solution.
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A viscosity of the aqueous adhesive solution was 9.6 mPa.s.
A pH of the aqueous adhesive solution was 4 to 4.5.

EXAMPLE 1

(Production of Polarizing Plate-integrated Retardation Film
(14))

[0159] A norbornene-based resin film (available from
Zeon Corporation, trade name: ZEONOR, number: ZF14-
100, thickness: 100 pm) was subjected to fixed-end stretch-
ing to a 2.6 times length in a TD direction at 150° C., to
thereby produce a first birefringent layer. The first birefrin-
gent layer had a thickness of 33 um and an Nz of 1.3
(Rth=170 nm, And=130 nm).

[0160] Attachment was conducted such that an absorption
axis of the first polarizer and a slow axis of the first
birefringent layer were perpendicular to each other. Further,
a triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the first polarizer on a side opposite to the first
birefringent layer. Each layer was attached through a poly-
vinyl alcohol-based adhesive (thickness: 0.1 pm).

(Production of Polarizing Plate-integrated Retardation Film

(1B))

[0161] A solution (concentration: 10 wt %) prepared by
dissolving polyimide synthesized from 2,2'-bis(3,4-dicar-
boxyphenyl)hexafluoropropane and  2,2"-bis(trifluorom-
ethyl)-4,4'-diaminobiphenyl in methyl isobutyl ketone
(MIBK) as a solvent was applied to a TAC substrate
(thickness: 80 um) at a thickness of 30 um. Then, the whole
was subjected to drying treatment at 120° C. for 10 minutes,
to thereby obtain a substrate-integrated second birefringent
layer including a polyimide layer with a thickness of about
3 um. A refractive index profile of the obtained second
birefringent layer was nx=ny>nz. The second polarizer was
attached to a substrate side of the substrate-integrated sec-
ond birefringent layer by using a polyvinyl alcohol-based
adhesive (thickness: 0.1 pm) such that an absorption axis of
the second polarizer and a slow axis of the second birefrin-
gent layer were perpendicular to each other. Further, a
triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the second polarizer on a side opposite to the
second birefringent layer by using a polyvinyl alcohol-based
adhesive (thickness: 0.1 um).

(Production of Liquid Crystal Panel (1C))

[0162] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by Sony Corporation,
BRAVIA, 32-inch panel), and the polarizing plate-integrated
retardation film (1A) and the polarizing plate-integrated
retardation film (1B) were attached above and below the
liquid crystal cell to sandwich the liquid crystal cell by using
an acrylic pressure-sensitive adhesive (thickness: 20 pum)
such that absorption axes of polarizers included in the
polarizing plate-integrated retardation film (1A) and the
polarizing plate-integrated retardation film (1B) were per-
pendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (1B) was
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arranged on a backlight side and the polarizing plate-
integrated retardation film (1A) was arranged on a viewer
side.

(Evaluation)

[0163] The contrast of the obtained liquid crystal panel
(1C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 6 shows the
measurement results (xy chromaticity diagram) of color
shift, and FIG. 7 shows the measurement results of black
luminance.

COMPARATIVE EXAMPLE 1

(Production of Polarizing Plate-integrated Retardation Film
(C1A))

[0164] A solution (concentration: 10 wt %) prepared by
dissolving polyimide synthesized from 2,2'-bis(3,4-dicar-
boxyphenyl)hexafluoropropane and  2,2-bis(trifluorom-
ethyl)-4,4'-diaminobiphenyl in methyl isobutyl ketone
(MIBK) as a solvent was applied to a TAC substrate
(thickness: 80 um) at a thickness of 30 pm. Then, the whole
was subjected to drying treatment at 120° C. for 10 minutes,
to thereby obtain a substrate-integrated birefringent layer
including a polyimide layer with a thickness of about 3 pum.
The obtained substrate-integrated birefringent layer was
subjected to transverse stretching to a 1.2 times length at
150° C. The refractive index profile of the obtained bire-
fringent layer was nx>ny>nz, and Nz was 4.9. A polarizer
was attached to a substrate side of the substrate-integrated
birefringent layer by using a polyvinyl alcohol-based ache-
sive (thickness: 0.1 wm) such that an absorption axis of the
polarizer and a slow axis of the birefringent layer were
perpendicular to each other. Further, a triacetyl cellulose
(TAC) film (thickness: 80 pm) was attached to the polarizer
on a side opposite to the birefringent layer by using a
polyvinyl alcohol-based adhesive (thickness: 0.1 um).

(Production of Liquid Crystal Panel (C1C))

[0165] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by Sony Corporation,
BRAVIA, 32-inch panel), and the polarizing plate-integrated
retardation film (C1A) and a polarizing plate (trade name:
SEG1224) available from Nitto Denko Corporation were
attached above and below the liquid crystal cell to sandwich
the liquid crystal cell by using an acrylic pressure-sensitive
adhesive (thickness: 20 um) such that absorption axes of
polarizers included in the polarizing plate-integrated retar-
dation film (C1A) and SEG1224 were perpendicular to each
other. Attachment was conducted such that the polarizing
plate-integrated retardation film (C1A) was arranged on a
backlight side and SEG1224 was arranged on a viewer side.

(Evaluation)

[0166] The contrast of the obtained liquid crystal panel
(C1C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 8 shows the
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measurement results (xy chromaticity diagram) of color
shift, and FIG. 9 shows the measurement results of black
luminance.

COMPARATIVE EXAMPLE 2

(Production of Polarizing Plate-integrated Retardation Film
(C2A))

[0167] A norbornene-based resin film (available from
Zeon Corporation, trade name: ZEONOR, number: ZF14-
100, thickness: 100 um) was subjected to free-end stretching
to a 1.46 times length in an MD direction at 150° C., to
thereby produce a first birefringent layer. The first birefrin-
gent layer had a thickness of 68 um and an Nz of 1.0
(And=140 nm).

[0168] Attachment was conducted such that an absorption
axis of the first polarizer and a slow axis of the first
birefringent layer were perpendicular to each other. Further,
a triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the first polarizer on a side opposite to the first
birefringent layer. Each layer was attached through a poly-
vinyl alcohol-based adhesive (thickness: 0.1 pm).

(Production of Polarizing Plate-integrated Retardation Film
(C2B))

[0169] A solution (concentration: 10 wt %) prepared by
dissolving polyimide synthesized from 2,2'-bis(3,4-dicar-
boxyphenyl)hexafluoropropane and  2,2"-bis(trifluorom-
ethyl)-4,4'-diaminobiphenyl in methyl isobutyl ketone
(MIBK) as a solvent was applied to a TAC substrate
(thickness: 80 um) at a thickness of 30 um. Then, the whole
was subjected to drying treatment at 120° C. for 10 minutes,
to thereby obtain a substrate-integrated second birefringent
layer including a polyimide layer with a thickness of about
3 um. The refractive index profile of the obtained second
birefringent layer was nx=ny>nz. The second polarizer was
attached to a substrate side of the substrate-integrated sec-
ond birefringent layer by using a polyvinyl alcohol-based
adhesive (thickness: 0.1 pm) such that an absorption axis of
the second polarizer and a slow axis of the second birefrin-
gent layer were perpendicular to each other. Further, a
triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the polarizer on a side opposite to the second
birefringent layer by using a polyvinyl alcohol-based adhe-
sive (thickness: 0.1 um).

(Production of Liquid Crystal Panel (C2C))

[0170] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by Sony Corporation,
BRAVIA, 32-inch panel), and the polarizing plate-integrated
retardation film (C2A) and the polarizing plate-integrated
retardation film (C2B) were attached above and below the
liquid crystal cell to sandwich the liquid crystal cell by using
an acrylic pressure-sensitive adhesive (thickness: 20 pum)
such that absorption axes of polarizers included in the
polarizing plate-integrated retardation film (C2A) and the
polarizing plate-integrated retardation film (C2B) were per-
pendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (C2B)
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was arranged on a backlight side and the polarizing plate-
integrated retardation film (C2A) was arranged on a viewer
side.

(Evaluation)

[0171] The contrast of the obtained liquid crystal panel
(C2C) was determined following the evaluation method
described above. Table 1 shows the results.

EXAMPLE 2

(Production of Polarizing Plate-integrated Retardation Film
(24))

[0172] A cellulose ester film (available from Kaneka Cor-
poration, trade name: KA film, thickness: 100 um) was
subjected to free-end stretching to a 1.5 times length in an
MD direction at 145° C. and then to a 1.03 times length in
a TD direction at 145° C., to thereby produce a first
birefringent layer. The first birefringent layer had a thickness
of 98 pm and an Nz of 1.6 (Rth=160 nm, And=100 nm).
[0173] Attachment was conducted such that an absorption
axis of the first polarizer and a slow axis of the first
birefringent layer were perpendicular to each other. Further,
a triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the first polarizer on a side opposite to the first
birefringent layer. Each layer was attached through a poly-
vinyl alcohol-based adhesive (thickness: 0.1 pm).

(Production of Polarizing Plate-integrated Retardation Film
(2B))

[0174] A solution (concentration: 15 wt %) prepared by
dissolving polyimide synthesized from 2,2'-bis(3,4-dicar-
boxyphenyl)hexafluoropropane and  2,2™-bis(trifluorom-
ethyl)-4.4'-diaminobipheny! in cyclohexane as a solvent was
applied to a TAC substrate (thickness: 80 pum) at a thickness
of 30 pm. Then, the whole was subjected to drying treatment
at 100° C. for 10 minutes, to thereby obtain a substrate-
integrated second birefringent layer including a polyimide
layer with a thickness of about 4 um. A refractive index
profile of the obtained second birefringent layer was
nx=ny>nz. The second polarizer was attached to a substrate
side of the substrate-integrated second birefringent layer by
using a polyvinyl alcohol-based adhesive (thickness: 0.1
um) such that an absorption axis of the second polarizer and
a slow axis of the second birefringent layer were perpen-
dicular to each other. Further, a triacetyl cellulose (TAC)
film (thickness: 80 pm) was attached to the second polarizer
on a side opposite to the second birefringent layer by using
a polyvinyl alcohol-based adhesive (thickness: 0.1 pm).

(Production of Liquid Crystal Panel (2C))

[0175] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by Sony Corporation,
BRAVIA, 32-inch panel), and the polarizing plate-integrated
retardation film (2A) and the polarizing plate-integrated
retardation film (2B) were attached above and below the
liquid crystal cell to sandwich the liquid crystal cell by using
an acrylic pressure-sensitive adhesive (thickness: 20 pm)
such that absorption axes of polarizers included in the
polarizing plate-integrated retardation film (2A) and the
polarizing plate-integrated retardation film (2B) were per-
pendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (2B) was
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arranged on a backlight side and the polarizing plate-
integrated retardation film (2A) was arranged on a viewer
side.

(Evaluation)

[0176] The contrast of the obtained liquid crystal panel
(2C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 10 shows
the measurement results (xy chromaticity diagram) of color
shift, and FIG. 11 shows the measurement results of black
luminance.

COMPARATIVE EXAMPLE 3

(Production of Polarizing Plate-integrated Retardation Film
(C3A))

[0177] A cellulose ester film (available from Kaneka Cor-
poration, trade name: KA film, thickness: 100 um) was
subjected to fixed-end stretching to a 1.5 times length in a
TD direction at 150° C., to thereby produce a birefringent
layer. The birefringent layer had a thickness of 67 pm and an
Nz of 4.2 (Rth=233 nm, And=56 nm).

[0178] Attachment was conducted such that an absorption
axis of the polarizer and a slow axis of the birefringent layer
were perpendicular to each other. Further, a triacetyl cellu-
lose (TAC) film (thickness: 80 pum) was attached to the
polarizer on a side opposite to the first birefringent layer.
Fach layer was attached through a polyvinyl alcohol-based
adhesive (thickness: 0.1 um).

(Production of Polarizing Plate-integrated Retardation Film
(C3B))

[0179] The polarizing plate-integrated retardation film
(2B) produced in Example 2 was used as it is as a polarizing
plate-integrated retardation film (C3B).

(Production of Liquid Crystal Panel (C3C))

[0180] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by Sony Corporation,
BRAVIA, 32-inch panel), and the polarizing plate-integrated
retardation film (C3A) and the polarizing plate-integrated
retardation film (C3B) were attached above and below the
liquid crystal cell to sandwich the liquid crystal cell by using
an acrylic pressure-sensitive adhesive (thickness: 20 um)
such that absorption axes of polarizers included in the
polarizing plate-integrated retardation film (C3A) and the
polarizing plate-integrated retardation film (C3B) were per-
pendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (C3B)
was arranged on a backlight side and the polarizing plate-
integrated retardation film (C3A) was arranged on a viewer
side.

(Bvaluation)

[0181] The contrast of the obtained liquid crystal panel
(C3C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 12 shows
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the measurement results (xy chromaticity diagram) of color
shift, and FIG. 13 shows the measurement results of black
luminance.

EXAMPLE 3
(Production of Polarizing Plate-integrated Retardation Film
(3A))
[0182] A norbornene-based resin film (available from

Zeon Corporation, trade name: ZEONOR, number: 7ZF14-
100, thickness: 130 pm) was subjected to fixed-end stretch-
ing to a 3.6 times length in a TD direction at 150° C., to
thereby produce a first birefringent layer. The first birefrin-
gent layer had a thickness of 40 um and an Nz of 1.2
(Rth=160 nm, And=130 nm).

[0183] Attachment was conducted such that an absorption
axis of the first polarizer and a slow axis of the first
birefringent layer were perpendicular to each other. Further,
a triacetyl cellulose (TAC) film (thickness: 80 pm) was
attached to the first polarizer on a side opposite to the first
birefringent layer. Each layer was attached through a poly-
vinyl alcohol-based adhesive (thickness: 0.1 pm).

(Production of Polarizing Plate-integrated Retardation Film
(3B))

[0184] The polarizing plate-integrated retardation film
(1B) produced in Example 1 was used as it is as a polarizing
plate-integrated retardation film (3B).

(Production of Liquid Crystal Panel (3C))

[0185] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by SHARP CORPORA-
TION, AQUOS, 32-inch panel), and the polarizing plate-
integrated retardation film (3A) and the polarizing plate-
integrated retardation film (3B) were attached above and
below the liquid crystal cell to sandwich the liquid crystal
cell by using an acrylic pressure-sensitive adhesive (thick-
ness: 20 um) such that absorption axes of polarizers included
in the polarizing plate-integrated retardation film (3A) and
the polarizing plate-integrated retardation film (3B) were
perpendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (3B) was
arranged on a backlight side and the polarizing plate-
integrated retardation film (3A) was arranged on a viewer
side.

(Evaluation)

[0186] The contrast of the obtained liquid crystal panel
(3C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 14 shows
the measurement results (xy chromaticity diagram) of color
shift, and FIG. 15 shows the measurement results of black
luminance.

EXAMPLE 4

(Production of Polarizing Plate-integrated Retardation Film
(4A))

[0187] The polarizing plate-integrated retardation film
(1A) produced in Example 1 was used as it is as a polarizing
plate-integrated retardation film (4A).

(Production of Polarizing Plate-integrated Retardation Film
4B))

[0188] A solution (concentration: 10 wt %) prepared by
dissolving polyimide synthesized from 2,2'-bis(3,4-dicar-
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boxyphenyl)hexafluoropropane and  2,2-bis(trifluorom-
ethyl)-4.4'-diaminobiphenyl in methyl isobutyl ketone
(MIBK) as a solvent was applied to a TAC substrate
(thickness: 80 uM) at a thickness of 24 pm. Then, the whole
was subjected to drying treatment at 120° C. for 10 minutes,
to thereby obtain a substrate-integrated second birefringent
layer including a polyimide layer with a thickness of about
2.4 um. A refractive index profile of the obtained second
birefringent layer was nx=ny>nz. The second polarizer was
attached to a substrate side of the substrate-integrated sec-
ond birefringent layer by using a polyvinyl alcohol-based
adhesive (thickness: 0.1 pm) such that an absorption axis of
the second polarizer and a slow axis of the second birefrin-
gent layer were perpendicular to each other. Further, a
triacetyl cellulose (TAC) film (thickness: 80 um) was
attached to the second polarizer on a side opposite to the
second birefringent layer by using a polyvinyl alcohol-based
adhesive (thickness: 0.1 um).

(Production of Liquid Crystal Panel (4C))

[0189] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by SHARP CORPORA-
TION, AQUOS, 32-inch panel), and the polarizing plate-
integrated retardation film (4A) and the polarizing plate-
integrated retardation film (4B) were attached above and
below the liquid crystal cell to sandwich the liquid crystal
cell by using an acrylic pressure-sensitive adhesive (thick-
ness: 20 um) such that absorption axes of polarizers included
in the polarizing plate-integrated retardation film (4A) and
the polarizing plate-integrated retardation film (4B) were
perpendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (4B) was
arranged on a backlight side and the polarizing plate-
integrated retardation film (4A) was arranged on a viewer
side.

(Evaluation)

[0190] The contrast of the obtained liquid crystal panel
(4C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 16 shows
the measurement results (xy chromaticity diagram) of color
shift, and FIG. 17 shows the measurement results of black
luminance.

COMPARATIVE EXAMPLE 4

(Production of Polarizing Plate-integrated Retardation Film
(C4A))

[0191] The polarizing plate-integrated retardation film
(C1A) produced in Example 1 was used as it is as a
polarizing plate-integrated retardation film (C4A).

(Production of Liquid Crystal Panel (C4C))

[0192] A liquid crystal cell (VA mode) was taken out of a
liquid crystal panel (manufactured by SHARP CORPORA-
TION, AQUOS, 32-inch panel), and the polarizing plate-
integrated retardation film (C4A) and a polarizing plate
(trade name: SEG1224) available from Nitto Denko Corpo-
ration were attached above and below the liquid crystal cell
to sandwich the liquid crystal cell by using an acrylic
pressure-sensitive adhesive (thickness: 20 um) such that
absorption axes of polarizers included in the polarizing
plate-integrated retardation film (C4A) and SEG1224 were
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perpendicular to each other. Attachment was conducted such
that the polarizing plate-integrated retardation film (C4A)
was arranged on a backlight side and SEG1224 was
arranged on a viewer side.

(Evaluation)

[0193] The contrast of the obtained liquid crystal panel
(C4C) was determined following the evaluation method
described above. Table 1 shows the results. FIG. 18 shows
the measurement results (xy chromaticity diagram) of color
shift, and FIG. 19 shows the measurement results of black
luminance.

TABLE 1
Liquid crystal panel Contrast
Example 1 SONY BRAVIA 32 inch 87
Comparative example 1 SONY BRAVIA 32 inch 63
Comparative example 2 SONY BRAVIA 32 inch 80
Example 2 SONY BRAVIA 32 inch 98
Comparative example 3 SONY BRAVIA 32 inch 80
Example 3 SHARP AQUOS 32 inch 34
Example 4 SHARP AQUOS 32 inch 35

Comparative example 4

SHARP AQUOS 32 inch

[0194] Table 1 shows that the liquid crystal panels of the
present invention each have a high average value of contrast
at a polar angle of 60° and azimuth angles of 45°, 135°,
225°, and 315° and that the liquid crystal panels of the
present invention are each a liquid crystal panel suitable for
a liquid crystal display apparatus and capable of providing
colorless neutral displays in all directions.
[0195] FIGS. 6 to 11 show that in Examples 1 and 2,
variation of x and y in the xy chromaticity diagram is smaller
and black luminance is lower than those of Comparative
Example 1. The results indicate that in Examples 1 and 2, the
liquid crystal panels each have a higher contrast and a
smaller color shift compared with those in Comparative
Example 1.
[0196] FIGS. 12 and 13 show that in the case where the Nz
coeflicient of the first birefringent layer is more than 2 in
Comparative Example 2, variation of x and y in the xy
chromaticity is larger and black luminance is higher than
those of Example 2.
[0197] FIGS. 14 to 19 show that in Examples 3 and 4,
variation of x and y in the xy chromaticity diagram is smaller
and black luminance is lower than those of Comparative
Example 3. The results indicate that in Examples 3 and 4, the
liquid crystal panels each have a higher contrast and a
smaller color shift compared with those in Comparative
Example 3.
[0198] The liquid crystal panel of the present invention
and the liquid crystal display apparatus including the liquid
crystal panel may suitably be used for a liquid crystal
television, a cell phone, and the like.
[0199] Many other modifications will be apparent to and
be readily practiced by those skilled in the art without
departing from the scope and spirit of the invention. It
should therefore be understood that the scope of the
appended claims is not intended to be limited by the details
of the description but should rather be broadly construed.
1. A liquid crystal panel comprising: a liquid crystal cell;
a first polarizer arranged on one side of the liquid crystal
cell; a first birefringent layer arranged between the liquid
crystal cell and the first polarizer; a second polarizer
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arranged on another side of the liquid crystal cell; and a
second birefringent layer arranged between the liquid crystal
cell and the second polarizer; wherein:

the first birefringent layer has a relationship of 1<Nz=2

where an Nz coefficient is defined by Nz=(nx-nz)/(nx-
ny); and

the second birefringent layer has a refractive index profile

of nx=ny>nz.

2. A liquid crystal panel according to claim 1, wherein the
first birefringent layer comprises a cyclic olefin-based film.

3. A liquid crystal panel according to claim 2, wherein the
cyclic olefin-based film comprises a fixed-end stretched
film.

4. A liquid crystal cell according to claim 2, wherein the
cyclic olefin-based film comprises a film obtained through
stretching at a stretching temperature of 130 to 160° C. and
a stretching ratio of 1.2 to 4.0 times.

5. A liquid crystal panel according to claim 1, wherein the
first birefringent layer comprises a cellulose-based film.

6. A liquid crystal panel according to claim 5, wherein the
cellulose-based film comprises a film obtained through
free-end stretching in an MD direction at a stretching
temperature of 120 to 160° C. and a stretching ratio of 1.2
to 2.0 times and free-end stretching in a TD direction at a
stretching temperature of 120 to 160° C. and a stretching
ratio of 1.01 to 1.05 times.

7. A liquid crystal panel according to claim 1, wherein the
liquid crystal cell employs one of VA mode and OCB mode.

8. A liquid crystal display apparatus comprising the liquid
crystal panel according to claim 1.
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9. A liquid crystal panel according to claim 2, wherein the
liquid crystal cell employs one of VA mode and OCB mode.

10. A liquid crystal panel according to claim 3, wherein
the liquid crystal cell employs one of VA mode and OCB
mode.

11. A liquid crystal panel according to claim 4, wherein
the liquid crystal cell employs one of VA mode and OCB
mode.

12. A liquid crystal panel according to claim 5, wherein
the liquid crystal cell employs one of VA mode and OCB
mode.

13. A liquid crystal panel according to claim 6, wherein
the liquid crystal cell employs one of VA mode and OCB
mode.

14. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 2.

15. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 3.

16. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 4.

17. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 5.

18. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 6.

19. A liquid crystal display apparatus comprising the
liquid crystal panel according to claim 7.
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