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(57) ABSTRACT

To provide a retardation film in which the retardation
condition is adjusted to achieve a liquid crystal display
without coloration over a wide viewing angle range and
having a high contrast ratio, and a method of designing the
same, as well as a polarizing film and a liquid crystal display
using the same. A liquid crystal display comprising a liquid
crystal cell and polarizing films in a Cross-Nicol relationship
with each other on both sides of the liquid crystal cell;
wherein at least one polarizing film includes a retardation
film having reverse wavelength dispersion property; and the
liquid crystal display further includes a retardation film
having a wavelength dispersion property substantially the
same as a liquid crystal layer configuring the liquid crystal
cell.
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RETARDATION FILM, POLARIZING FILM,
LIQUID CRYSTAL DISPLAY, AND METHOD OF
DESIGNING RETARDATION FILM

TECHNICAL FIELD

[0001] The present invention relates to a retardation film,
a polarizing film, a liquid crystal display, and a method of
designing the retardation film. More specifically, relates to a
retardation film in which the retardation and the wavelength
dispersion property are most suitably designed, and a
method of designing the same, and furthermore, to a polar-
izing film and a liquid crystal display using the same, in
particular, the liquid crystal display using a pair of polarizing
elements in a Cross-Nicol relationship.

BACKGROUND ART

[0002] The liquid crystal display is widely used as a
display of various information processing devices including
computers and televisions. In particular, the liquid crystal
display of TFT system (hereinafter also referred to as
“TFT-LCD”) is widely used with further expansion in the
market, and thus further advancement in image quality is
desired accompanied therewith. The following description is
made using the TFT-LCD as an example, but the present
invention is not limited to the TFT-LCD, and is also appli-
cable to passive matrix type LCD, plasma address type LCD
and the like, and is generally applicable to all LCD that
performs display by sandwiching the liquid crystals between
a pair of substrates respectively formed with electrodes, and
applying voltage to the electrodes.

[0003] The mode that has been most widely used up to
now for the TFT-LCD is a so-called TN mode in which the
liquid crystal having positive dielectric constant anisotropy
are aligned horizontally between the substrates facing each
other. The liquid crystal display of TN mode has a feature in
that the alignment direction of the liquid crystal molecules
adjacent to one of the substrates is twisted by 90° with
respect to the alignment direction of the liquid crystal
molecules adjacent to the other substrate. In such liquid
crystal display of TN mode, an inexpensive manufacturing
technique is established. Therefore the liquid crystal display
of TN mode is industrially mature, but there is room for
improvement in the way that high contrast ratio is difficult
to achieve.

[0004] On the other hand, a liquid crystal display of a
so-called VA mode in which the liquid crystal having
negative dielectric constant anisotropy are aligned vertically
between the substrates facing each other is disclosed (see
e.g., Japanese Laid-Open Patent Publication No. 2000-
39610). As described in Japanese Laid-Open Patent Publi-
cation No. 2000-39610, in the liquid crystal display of VA
mode, the liquid crystal cells hardly exhibit birefringence
and optical rotation, and the light passes through the liquid
crystal cell without hardly changing the polarized state since
the liquid crystal molecules are aligned in a direction
substantially vertical to the substrate surface when a voltage
is not applied. Therefore, a substantially complete display of
black can be realized when a voltage is not applied by
arranging the pair of linear polarizing elements above and
below the liquid crystal cell so that the adsorption axes
thereof are substantially orthogonal to each other. When a
voltage is applied, the liquid crystal molecules are inclined
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and become substantially parallel to the substrate, thereby
exhibiting a large birefringence and achieving a display of
white. Therefore, the liquid crystal display of VA mode can
easily achieve a very high contrast ratio, which is not
possible with the TN mode.

[0005] However, in the liquid crystal display of VA having
the configuration described above, there is room for
improvement in the way that the viewing angle is difficult to
widen. A substantially complete display of black is achieved
in the liquid crystal display of VA mode since the liquid
crystal cells hardly exhibit birefringence at the front view
and two polarizing elements are completely orthogonal to
each other, as described above, but the liquid crystal cells
exhibit birefringence and has an apparent retardation at an
oblique viewing angle, and the apparent geometric relative
relationship of the two polarizing elements are no longer
orthogonal to each other, whereby light leakage occurs to
lower the contrast ratio and as a result, narrowing the
viewing angle. Therefore, a retardation film is often
arranged in the liquid crystal display of VA mode in an aim
of canceling the extra retardation at the oblique viewing
angle of the liquid crystal cell and maintaining the orthogo-
nality of the Cross-Nicol arranged polarizing element at the
oblique viewing angle. For example, a technique is conven-
tionally disclosed for widening the viewing angle by arrang-
ing the polarizing elements on both sides of the liquid crystal
cell aligned vertically, and arranging at least one of a
uniaxial retardation film (so-called positive A plate) having
an in plane optical axis and where extraordinary ray refrac-
tion index>ordinary ray refraction index, a uniaxial retarda-
tion film (so-called negative C plate) having an out of plane
(film normal line direction) optical axis and where extraor-
dinary ray refraction index<ordinary ray refraction index, or
a biaxial retardation film between the polarizing element and
the liquid crystal cell (see e.g., Japanese Laid-Open Patent
Publication No. 2000-39610, Japanese Laid-Open Patent
Publication No. 11-258605, Japanese Laid-Open Patent
Publication No. 10-153802, Japanese Laid-Open Patent
Publication No. 2000-131693). The uniaxial retardation film
having out of plane optical axis and where extraordinary ray
refraction index>ordinary ray refraction index is also
referred to as positive C plate in the present specification.

[0006] A so-called IPS mode is disclosed in which a lateral
electric field is applied to the horizontally aligned liquid
crystal cell in which liquid crystals are sandwiched between
two upper and lower substrates performed with parallel
alignment process on the surface and the liquid crystal
molecules are rotation operated in a plane substantially
parallel to the substrate to perform the display (see e.g.,
Japanese Laid-Open Patent Publication No. 6-160878). In
the liquid crystal display of IPS mode, display is performed
by changing the angle formed by the major axis direction of
the liquid crystal molecules and the absorption axis of the
polarizing element with the liquid crystal molecules con-
stantly being substantially parallel to the substrate, and thus
change in birefringence of the liquid crystal cell is small
even at the oblique viewing angle, and the viewing angle
becomes wide. However, although two polarizing elements
are arranged orthogonal (Cross-Nicol) to each other to
improve the contrast ratio in the liquid crystal display of IPS
mode having the above described configuration, similar to
the liquid crystal display of VA mode, the geometric relative
relationship of the two polarizing elements are not appar-
ently orthogonal at the oblique viewing angle, and thus there
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is room for improvement in the way that light leakage occurs
in display of black and the contrast ratio lowers. Therefore,
in order to improve the lowering of the contrast ratio,
arranging the retardation film in the liquid crystal display of
IPS mode is also being considered, and for example, the
technique of arranging between the polarizing element and
the liquid crystal cell an appropriate biaxial retardation film
in which the in plane retardation and the retardation in the
thickness direction are controlled is known (see e.g., Japa-
nese Laid-Open Patent Publication No. 11-305217).

[0007] As described above, (1) maintaining orthogonality
of the polarizing elements arranged in Cross-Nicol at the
oblique viewing angle, similar to the front view (all modes),
(2) canceling the extra retardation of the liquid crystal cell
at the oblique viewing angle (VA mode etc.) are important in
widening the viewing angle of the liquid crystal display
using the pair of polarizing elements having the Cross-Nicol
relationship and the liquid crystal cell, where (1) and (2) are
conventionally achieved by arranging an appropriate retar-
dation film. Such technique for widening the viewing angle
using the retardation film is widely known, but in all
conventional techniques, the retardation condition is most
suitably designed only at a single wavelength (normally near
550 nm), and thus light leakage occurs in time of display of
black at wavelengths other than the designed wavelength,
whereby there is room for improvement in the way that
coloration phenomenon occurs at the oblique viewing angle.

[0008] The conventional liquid crystal display has an
essential problem in that the retardation film can be designed
only at the single wavelength due to restrictions in types and
stacking orders of the retardation film used, the fact that the
supporting layer (presently, most general layer is a triacetyl
cellulose film=TAC film) for protecting the polarizing ele-
ment unintentionally has retardation and the like. More
specifically explaining, although the wavelength property
(wavelength dispersion property) most suitable for the retar-
dation film for achieving (1) or (2) described above differs,
the wavelength property cannot be essentially optimized in
the prior art due to reasons that the plurality of retardation
films of different material are needed to achieve (1) and (2),
the retardation film is designed so that (1) and (2) are
achieved by the entire assembly of the plurality of retarda-
tion films (including TAC film for protecting polarizing
element and the like), or the retardation film is designed so
as to achieve (1) by actively using the extra retardation at the
oblique angle of the liquid crystal cell without achieving (2),
and furthermore, the plurality of retardation films are not
arranged adjacent to each other. This is because when a
plurality of retardation films are used, the effects thereof
generally differ depending on the stacked order, and further-
more, the additive property of the retardation of the retar-
dation film is generally satisfied only in extremely limited
cases. Moreover, optimizing the wavelength property
including the supporting layer (protective film such as TAC
film etc.) of the polarizing element is complicating.

[0009] In describing one example of a method of design-
ing the retardation in the conventional liquid crystal display,
for example, when configuring the liquid crystal display of
(first polarizing element)/(TAC film)/(positive A plate
a)/(VA mode liquid crystal cell)/(negative C plate b)/(nega-
tive C plate ¢)/(TAC film)/(second polarizing element) using
a total of three retardation films of the positive A plate a, the
negative C plates b and ¢, and two polarizing films (con-
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figured by polarizing element and TAC film) and the VA
mode liquid crystal cell, some of the extra retardation at the
oblique viewing angle of the VA mode liquid crystal cell is
cancelled, that is, part of (2) is achieved with (negative C
plate b)+(negative C plate c)+(protective TAC film of first
polarizing element)+(protective TAC film of second polar-
izing element), and maintenance of orthogonality at the
oblique viewing angle of the polarizing elements arranged in
Cross-Nicol, that is, rest of (1) and (2) are realized with
(positive A plate a)+(rest of extra retardation at oblique
viewing angle of VA mode liquid crystal cell).

[0010] Therefore, in the prior art described above, the
design of the retardation is very difficult, and the most
suitable design that takes even the wavelength property into
consideration is substantially not possible.

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0011] The present invention aims to, in view of the
present situation described above, provide a retardation film
in which the retardation condition is adjusted to achieve a
liquid crystal display without coloration over a wide viewing
angle range and having a high contrast ratio, and a method
of designing the same, as well as a polarizing film and a
liquid crystal display using the same.

Means for Solving the Problem

[0012] The inventors performed various reviews on the
designing conditions of the retardation film most suitably
designed at the entire range of the visible wavelength, which
can prevent coloration phenomenon at the oblique viewing
angle. And first the inventors focused on the fact that
cancellation of extra retardation at the oblique viewing angle
of the liquid crystal cell and the maintenance of orthogo-
nality at the oblique viewing angle of the polarizing ele-
ments arranged at Cross-Nicol are optimized at a single
wavelength (normally near 550 nm) in a configuration of the
liquid crystal display of vertical alignment mode and the like
of'the prior art. However, cancellation of extra retardation at
the oblique viewing angle of the liquid crystal cell and the
maintenance of orthogonality at the oblique viewing angle
of the polarizing elements arranged at Cross-Nicol normally
require different wavelength dispersion properties, in con-
trast, the method of designing the retardation film of the
prior art performs composite designing of the retardation
using the supporting layer (protective layer) exhibiting bire-
fringence for protecting polarizing element of the polarizing
film, the extra retardation at the oblique viewing angle of the
liquid crystal cell etc., and thus are essentially optimized
only at the single wavelength. Thus, in order to optimize the
retardation condition at the entire region of the visible
wavelength, the maintenance of orthogonality of the polar-
izing elements arranged in Cross-Nicol in the oblique view-
ing angle in time of display of black, similar to the front
view, and cancellation of the extra retardation of the liquid
crystal cell at the oblique viewing angle are completely
separated in terms of wavelength dispersion property to
contrive a configuration of compensating each with different
retardation films in the liquid crystal display. In other words,
the inventors have found that the retardation condition at the
entire region of the visible wavelength can be optimized, and
the coloration phenomenon at the oblique viewing angle can
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be prevented according to a configuration in which the
cancellation of the extra retardation at the oblique viewing
angle of the liquid crystal cell is performed by the retarda-
tion film having the wavelength dispersion property sub-
stantially the same as the liquid crystal layer configuring the
liquid crystal cell, and the maintenance of orthogonality at
the oblique viewing angle of the polarizing elements
arranged in Cross-Nicol is performed by the retardation film
having reverse wavelength dispersion property. Further-
more, the inventors have found the most suitable retardation
condition and configuration of the retardation film used in
the above configuration. Thereby, the above-mentioned
problems have been solved, leading to completion of the
present invention.

[0013] In other words, the present invention is a uniaxial
retardation film having an optical axis in plane and where
extraordinary ray refraction index>ordinary ray refraction
index, wherein the retardation film satisfies the following
equations (a) to (d)

118 nm=Rxp(550)=160 nm (a)
-10 nm=Ryz(550)=10 nm (b)
0.75 < Rxp(450)/Rxp(550)£0.97 ©
1.03=Rxp(650)/Rxy(550)=1.25 ()

[0014] In equations (a) to (d), Rxy(r), Ryz()\) represent
the retardation Rxy, Ryz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx-ny)xd,
Ryz=(ny-nz)xd where nx, ny (nx>ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

[0015] The present invention also relates to a uniaxial
retardation film having an optical axis out of plane and
where extraordinary ray refraction index>ordinary ray
refraction index, wherein the retardation film satisfies the
following equations (e) to (h).

0 nm=Rxy(550)=10 nm (e)
-107 nm=Rxz(550)=-71 nm €3]
0.75<Rxz(450)/Rxz(550)<0.97 (g)
1.03=Rxz(650)/Rxz(550)<1.25 (h)

[0016] In equations (e) to (h), Rxy(A), Rxz()\) represent
the retardation Rxy, Ryz of the retardation film at wave-
length A nm respectively, and are defined as Rxy=(nx-ny)x
d, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

[0017] The present invention also relates to a biaxial
retardation film, wherein the retardation film satisfies the
following equations (i) to (1).

220 nm=Rxp(550)=330 nm i

—

)
110 nm=Rxz(550)=165 nm )
0.75 < Rxp(450)/Rxp(550)<0.97 (k)
1.03=Rxp(650)/Rxp(550)<1.25 0

[0018] Inequations (i) to (1), Rxy(A), Rxz(\) represent the
retardation Rxy, Rxz of the retardation film at wavelength A
nm respectively, and are defined as Rxy=(nx-ny)xd, Rxz=
(nx-nz)xd where nx, ny (nx>ny) are the principal refraction
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indexes in the in plane direction, nz is the principal refrac-
tion index in the out of plane direction, and d is the thickness
in the retardation film.

[0019] The present invention also relates to a uniaxial
retardation film having an optical axis out of plane and
where extraordinary ray refraction index<ordinary ray
refraction index, wherein the retardation film satisfies the
following equations (m) to (p).

0 nm=Rxp(550)=10 nm (m)
215 nm=Rxz(550)=450 nm (n)
1.01 =Rxz(450)/Rxz(550)£1.17 ()
0.89=<Rxz(650)/Rxz(550) <1.00 ®)
[0020] In equations (m) to (p), Rxy(r), Rxz(\) represent

the retardation Rxy, Rxz of the retardation film at wave-
length A 20 nm respectively, and are defined as Rxy=(nx-
ny)xd, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the prin-
cipal refraction indexes in the in plane direction, nz is the
principal refraction index in the out of plane direction, and
d is the thickness in the retardation film.

[0021] The present invention also relates to a uniaxial
retardation film having an optical axis out of plane and
where extraordinary ray refraction index<ordinary ray
refraction index, wherein the retardation film satisfies the
following equations (q) to (t).

0 nm=Rxy(550)=10 nm @
108 nm=Ryz(550)=379 nm (r)
1.04=Rxz(450)/Rxz(550) (s)
Rxz(650)/Rxz(550)0.98 ®
[0022] Inequations (q)to (t), Rxy(A), Rxz(A) represent the

retardation Rxy, Rxz of the retardation film at wavelength A
nm respectively, and are defined as Rxy=(nx-ny)xd, Rxz=
(nx-nz)xd where nx, ny (nx=ny) are the principal refraction
indexes in the in plane direction, nz is the principal refrac-
tion index in the out of plane direction, and d is the thickness
in the retardation film.

[0023] The present invention further relates to a liquid
crystal display including a liquid crystal cell and polarizing
films in a Cross-Nicol relationship with each other on both
sides of the liquid crystal cell, wherein at least one polar-
izing film includes a retardation film having reverse wave-
length dispersion property, and the liquid crystal display
includes a retardation film having a wavelength dispersion
property substantially the same as a liquid crystal layer
configuring the liquid crystal cell.

[0024] The present invention further relates to a liquid
crystal display including a liquid crystal cell and polarizing
films in a Cross-Nicol relationship with each other on both
sides of the liquid crystal cell, wherein one polarizing film
includes a retardation film having reverse wavelength dis-
persion property, and one polarizing film does not include a
supporting layer exhibiting birefringence on the liquid crys-
tal cell side of the polarizing element.

[0025] The present invention further relates to a method of
designing the retardation in an in plane direction and an out
of plane direction of a retardation film, wherein the method
of designing the retardation film references a sign and an
absolute value of an effective retardation measured at the
angle inclined by a predetermined angle greater than 0° from
the normal line direction of the retardation film and the
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liquid crystal cell as the design parameter. The present
invention will be described in detail below.

[0026] The retardation film of the present invention is one
of a uniaxial retardation film (hereinafter also referred to as
“positive A plate”) having an optical axis in plane and where
extraordinary ray refraction index>ordinary ray refraction
index, a uniaxial retardation film (hereinafter also referred to
as “positive C plate”) having an optical axis out of plane and
where extraordinary ray refraction index>ordinary ray
refraction index, a biaxial retardation film, or a uniaxial
retardation film (hereinafter also referred to as “negative C
plate”) having an optical axis out of plane and where
extraordinary ray refraction index<ordinary ray refraction
index. In plane refers to being in a substantially parallel
direction with respect to the film surface, and out of plane
refers to being in a substantially perpendicular direction with
respect to the film surface.

[0027] The maintenance of orthogonality in the oblique
viewing angle of the polarizing element arranged in Cross-
Nicol can be performed by using the positive A plate and the
positive C plate of the present invention in combination in
the liquid crystal display or using the biaxial retardation film
of the present invention alone. The extra retardation at the
oblique viewing angle of the liquid crystal cell can be
canceled by using the first negative C plate of the present
invention in the liquid crystal display of vertical alignment
mode.

[0028] The positive A plate of the present invention sat-
isfies the following equations (1) to (4).

[0029] In equations (1) to (4), Rxy(A), Rxz(A) represent
the retardation Rxy, Rxz of the retardation film at wave-
length Anm, respectively and are defined as Rxy=(nx-ny)xd,
Ryz=(ny-nz)xd where nx, ny (nx>ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

118 nm=Rxy(550)=160 nm (1
-10 nm=Ryz(550)=10 nm 2
0.75 < Rxp(450)/Rxp(550)£0.97 3
1.03=Rxp(650)/Rxy(550)=1.25 (4

[0030] If the positive A plate satisfies equation (1), the
retardation Rxy(550) in the in plane direction is adjusted to
a suitable range for maintaining orthogonality at the oblique
viewing angle of the polarizing element arranged in Cross-
Nicol. The preferred lower limit of the Rxy(550) is 130 nm,
and the preferred upper limit is 150 nm. Therefore, the
positive A plate preferably satisfies 130 nm=Rxy(550)=150
nm. The more preferred lower limit of the Rxy(550) is 135
nm and the more preferred upper limit is 145 nm.

—~ o~

)
)
)
)

[0031] If the positive A plate satisfies equation (2), the
retardation Ryz(550) in the out of plane direction is suffi-
ciently reduced, and in combination with the positive C plate
(preferably, positive C plate of the present invention), can be
suitably used in maintenance of orthogonality at the oblique
viewing angle of the polarizing elements arranged at Cross-
Nicol. The preferred lower limit of Ryz(550) is -5 nm, and
the preferred upper limit is 5 nm.

[0032] If the positive A plate satisfies equations (3) and
(4), the wavelength dispersion property of the retardation
Rxy in the in plane direction satisfies the wavelength dis-
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persion property (reverse wavelength dispersion property)
necessary for maintenance of orthogonality at the oblique
viewing angle of the polarizing elements arranged in Cross-
Nicol, thereby effectively preventing the coloration phenom-
enon at the oblique viewing angle. The preferred lower limit
of Rxy(450)/Rxy(550) is 0.78, and the preferred upper limit
is 0.86. The preferred lower limit of Rxy(650)/Rxy(550) is
1.14, and the preferred upper limit thereof is 1.22.

[0033] The form of the positive A plate may be, for
example, a form configured by a single layer, a form
configured by a stacked body of two or more retardation
elements which (nx-ny)/(ny-nz) is substantially equal to
each other, and a form configured by a stacked body of two
or more retardation elements which maximum principal
refraction index direction in plane is substantially parallel to
or substantially orthogonal to each other. If the positive A
plate is configured by a single layer, it can be easily and
conveniently manufactured, enhancing reliability (durabil-
ity), and achieving thinning. If the positive A plate is
configured by a stacked body, the degree of freedom can be
enhanced in film design of selecting the film material and the
like compared to when configured by a single layer. Fur-
thermore, in a form in which two or more retardation
elements configuring the stacked body are stacked with the
optical axis direction substantially parallel to or substantially
orthogonal to each other, the influence on the retardation of
stacking is sufficiently reduced. Therefore, compared to
when simply using the plurality of various retardation ele-
ments without considering the arrangement state (arrange-
ment place, stacking direction), the wavelength dispersion
property in the oblique viewing angle can be optimized in
these forms configured by the stacked body.

[0034] In the present specification, substantially equal
includes, in addition to being completely equal, an error
span in which the desired effect can be substantially
obtained. Similarly, substantially parallel includes, in addi-
tion to being completely parallel, an error span in which the
desired effect can be substantially obtained, and substan-
tially orthogonal includes, in addition to being completely
orthogonal, an error span in which the desired effect can be
substantially obtained.

[0035] The positive C plate of the present invention sat-
isfies the following equations (5) to (8).

[0036] In equations (5) to (8), Rxy(A), Ryz(h) represent
the retardation Rxy, Ryz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx-ny)xd,
Rxz=(nx-nz)xd where nx, ny (nx>ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

0 nm=Rxp(550)=10 nm (5)
-107 nm =Rxz(550)=-71 nm (6)
0.75=Rxz(450)/Rxz(550)=0.97 o
1.03 =Rxz(650)/ Rxz(550)=1.25 (8)
[0037] If the positive C plate satisfies equation (5), the

retardation Rxy(550) in the in plane direction is sufficiently
reduced, and in combination with the positive A plate
(preferably, the positive A plate of the present invention),
can be suitably used in maintenance of orthogonality at the
oblique viewing angle of the polarizing elements arranged in
Cross-Nicol. The preferred upper limit of Rxy(550) is 5 nm.
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If the positive C plate satisfies equation (6), the retardation
Rxz(550) in the out of plane direction is adjusted to a range
suitable for maintenance of orthogonality at the oblique
viewing angle of the polarizing elements arranged in Cross-
Nicol. The preferred lower limit of Rxz(550) is -100 nm,
and the preferred upper limit is -80 nm. Therefore, the
positive C plate preferably satisfies —~100 nm =Rxz(550)=-
80 nm. The more preferred lower limit of Rxz(550) is -95
nm, and the more preferred upper limit is -85 nm.

[0038] If the positive C plate satisfies equations (7) and
(8), the wavelength dispersion property of the retardation
Rxz in the out of plane direction satisfies the wavelength
dispersion property (reverse wavelength dispersion prop-
erty) necessary for maintenance of orthogonality at the
oblique viewing angle of the polarizing elements arranged in
Cross-Nicol, thereby effectively preventing the coloration
phenomenon at the oblique viewing angle. The preferred
lower limit of Rxz(450)/Rxz(550) is 0.78, and the preferred
upper limit is 0.86. The preferred lower limit of Rxz(650)/
Rxz(550) is 1.14, and the preferred upper limit thereof is
1.22.

[0039] The form of the positive C plate may be, for
example, a form configured by a single layer, a form
configured by a stacked body of two or more retardation
elements which (nx-ny)/(ny-nz) is substantially equal to
each other, and a form configured by a stacked body of two
or more retardation elements which maximum principal
refraction index direction in plane is substantially parallel to
or substantially orthogonal to each other. If the positive C
plate is configured by a single layer, it can be easily and
conveniently manufactured, enhancing reliability (durabil-
ity), and achieving thinning. If the positive C plate is
configured by a stacked body, the degree of freedom can be
enhanced in film design of selecting the film material and the
like compared to when configured by a single layer. Fur-
thermore, in a form in which two or more retardation
elements configuring the stacked body are stacked with the
optical axis direction substantially parallel to or substantially
orthogonal to each other, the influence on the retardation of
stacking is sufficiently reduced. Therefore, compared to
when simply using the plurality of various retardation ele-
ments without considering the arrangement state (arrange-
ment place, stacking direction), the wavelength dispersion
property in the oblique viewing angle can be optimized in
these forms configured by the stacked body.

[0040] The biaxial retardation film of the present invention
satisfies the following equations (9) to (12).

[0041] In equations (9) to (12), Rxy(}), Rxz()) represent
the retardation Rxy, Rxz of the retardation film at wave-
length Anm, respectively and are defined as Rxy=(nx-ny)xd,
Rxz=(nx-nz)xd where nx, ny (nx>ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

220 nm=Rxp(550)=330 nm 9
110 nm <Rxz(550)<165 nm (10)
0.75=Rxy(450)/Rxy(550)£0.97 an
1.03=Rxp(650)/Rxy(550)=1.25 (12)

[0042] Ifthe biaxial retardation film satisfies equations (9)
and (10), the retardation Rxy(550) in the in plane direction
and the retardation Rxz(550) in the out of plate direction are
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adjusted to a range suitable for maintaining the orthogonal-
ity at the oblique viewing angle of the polarizing elements
arranged in Cross-Nicol. The preferred lower limit of
Rxy(550) is 265 nm, and the preferred upper limit is 285 nm.
The preferred lower limit of Rxz(550) is 125 nm, and the
preferred upper limit is 145 nm. Therefore, the biaxial
retardation film preferably satisfies 265 nm=Rxy(550) =285
nm and 125 nm=Rxz(550)=145 nm. The more preferred
lower limit of Rxy =(550) is 270 nm, and the more preferred
upper limit is 280 nm. The more preferred lower limit of
Rxz(550) is 130 nm, and the more preferred upper limit is
140 nm.

[0043] If the biaxial retardation film satisfies equations
(11) and (12), the wavelength dispersion property of the
retardation Rxy in the in plane direction satisfies the wave-
length dispersion property (reverse wavelength dispersion
property) necessary for maintenance of orthogonality at the
oblique viewing angle of the polarizing elements arranged in
Cross-Nicol, thereby effectively preventing the coloration
phenomenon at the oblique viewing angle. The preferred
lower limit of Rxy(450)/Rxy(550) is 0.78, and the preferred
upper limit is 0.86. The preferred lower limit of Rxy(650)/
Rxy(550) is 1.14, and the preferred upper limit thereof is
1.22.

[0044] The form of the biaxial retardation film may be, for
example, a form configured by a single layer, a form
configured by a stacked body of two or more retardation
elements which (nx-ny)/(ny-nz) is substantially equal to
each other, and a form configured by a stacked body of two
or more retardation elements which maximum principal
refraction index direction in plane is substantially parallel to
or substantially orthogonal to each other. If the biaxial
retardation film is configured by a single layer, it can be
easily and conveniently manufactured, thereby enhancing
reliability (durability), and achieving thinning. If the biaxial
retardation film is configured by a stacked body, the degree
of freedom can be enhanced in film design of selecting the
film material and the like compared to when configured by
a single layer. Furthermore, in a form in which two or more
retardation elements configuring the stacked body are
stacked with the optical axis direction substantially parallel
to or substantially orthogonal to each other, the influence on
the retardation of stacking is sufficiently reduced. Therefore,
compared to when simply using the plurality of various
retardation elements without considering the arrangement
state (arrangement place, stacking direction), the wave-
length dispersion property in the oblique viewing angle can
be optimized in these forms configured by the stacked body.

[0045] The first negative C plate of the present invention
satisfies the following equations (13) to (16).

[0046] Inequations (13)to (16), Rxy(A), Rxz()) represent
the retardation Rxy, Rxz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx-ny)xd,
Rxz=(nx-nz)xd where nx, ny (nx2ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

0 nm=Rxy(550)=10 nm (13)
215 nm=Rxz(550)=450 nm (14)
1.01=Rxz(450)/Rxz(550)<1.17 (15)
0.89=Rxz(650)/Rxz(550)=1.00 (16)
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[0047] If the first negative C plate satisfies equation (13),
the retardation Rxy(550) in the in plane direction is suffi-
ciently reduced, and can be suitably used to cancel the extra
retardation at the oblique viewing angle of the liquid crystal
cell in the liquid crystal display of vertical alignment mode.
The preferred upper limit of Rxy(550) is 5 nm. Therefore,
the first negative C plate preferably satisfies 0
nm=Rxy(550)=5 nm. The preferred upper limit of
Rxy(550) is 3 nm.

[0048] If the first negative C plate satisfies equation (14),
the retardation Rxz(550) in the out of plane direction is
adjusted to a range suitable for canceling the extra retarda-
tion at the oblique viewing angle of the liquid crystal cell in
the liquid crystal display of vertical alignment mode.

[0049] If the first negative C plate satisfies equations (15)
and (16), the wavelength dispersion property of the retar-
dation Rxz in the out of plane direction satisfies the wave-
length dispersion property (reverse wavelength dispersion
property) necessary for canceling the extra retardation at the
oblique viewing angle of the liquid crystal cell in the liquid
crystal display of vertical alignment mode, thereby effec-
tively preventing the coloration phenomenon at the oblique
viewing angle. The preferred lower limit of Rxz(450)/
Rxz(550) is 1.04, and the preferred upper limit is 1.10. The
preferred lower limit of Rxz(650)/Rxz(550) is 0.96, and the
preferred upper limit thereof is 0.98.

[0050] The form of the first negative C plate may be, for
example, a form configured by a single layer, a form
configured by a stacked body of two or more retardation
elements which (nx-ny)/(ny-nz) is substantially equal to
each other, a form configured by a stacked body of two or
more retardation elements which maximum principal refrac-
tion index direction in plane is substantially parallel to or
substantially orthogonal to each other, a form configured by
a stacked body of two or more retardation elements each
satisfying 0 nm =Rxy(550)=10 nm, and a form in the above
forms where at least one of the two or more retardation
elements is a film having a thickness of less than or equal to
20 pm. If the first negative C plate is configured by a single
layer, it can be easily and conveniently manufactured,
enhancing reliability (durability), and achieving thinning. If
the first negative C plate is configured by a stacked body, the
degree of freedom can be enhanced in film design of
selecting the film material and the like compared to when
configured by a single layer. Furthermore, in a form in which
two or more retardation elements configuring the stacked
body are stacked with the optical axis direction substantially
parallel to or substantially orthogonal to each other, the
influence on the retardation of stacking is sufficiently
reduced. Therefore, compared to when simply using the
plurality of various retardation elements without considering
the arrangement state (arrangement place, stacking direc-
tion), the wavelength dispersion property in the oblique
viewing angle can be optimized in these forms configured by
the stacked body. Furthermore, in the form configured by a
stacked body of two or more retardation elements each
satisfying 0 nm =Rxy(550)=10 nm, two or more retardation
elements configuring the stacked body each have the retar-
dation Rxy(550) in the in plane direction sufficiently
reduced, and thus is more suitably used in canceling the
extra retardation at the oblique viewing angle of the liquid
crystal cell in the liquid crystal display of the vertical
alignment mode. In the form where at least one of the
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retardation elements is a film having a thickness of less than
or equal to 20 pm, the influence on the retardation by the
stacking of the retardation elements is sufficiently reduced,
and thus is further suitably used in canceling the extra
retardation at the oblique viewing angle of the liquid crystal
cell in the liquid crystal display of the vertical alignment
mode.

[0051] The film having a thickness of less than or equal to
20 um is more preferably formed by coating.

[0052] A stacked body in which the positive C plate and
the first negative C plate are stacked without a film exhib-
iting birefringence interposed therebetween (hereinafter
referred to as “first stacked retardation film”) or a stacked
body having a retardation property substantially the same as
the first stacked retardation film and including at least two
films exhibiting birefringence are stacked (hereinafter
referred to as “second stacked retardation film”) are respec-
tively used in combination with the positive A plate (pref-
erably, a positive A plate of the present invention) in the
liquid crystal display of vertical alignment mode, so that
maintenance of orthogonality at the oblique viewing angle
of the polarizing elements arranged at Cross-Nicol and
cancellation of the extra retardation at the oblique viewing
angle of the liquid crystal cell are performed. In the present
specification, that stacked without a film exhibiting birefrin-
gence interposed includes, in addition to when stacked
without interposing a film and when stacked with a film
(isotropic film) that does not exhibit birefringence inter-
posed, when stacked with a film exhibiting birefringence
interposed but substantially obtaining the desired effects.
The retardation property refers the effective retardation and
the wavelength dependency measured at a predetermined
angle (oblique viewing angle) greater than 0° from the
normal line direction of the retardation film.

[0053] The form of the first stacked retardation film may
be, for example, a form in which at least one of the positive
C plate and the first negative C plate configuring the first
stacked retardation film is configured by the stacked body of
two or more retardation elements each satisfying O
nm=Rxy(550)=10 nm, and a form in which at least one of
the two or more retardation elements is a film having a
thickness of less than or equal to 20 um in the above form.
Since the two or more retardation elements configuring the
stacked body each has the retardation Rxy(550) in the in
plane direction sufficiently reduced, it is more suitably used
in maintaining orthogonality at the oblique viewing angle of
the polarizing elements arranged in Cross-Nicol and in
canceling the extra retardation at the oblique viewing angle
of the liquid crystal cell in the liquid crystal display of the
vertical alignment mode. In the form where at least one of
the retardation elements is a film having a thickness of less
than or equal to 20 um, the influence on the retardation by
the stacking of the retardation elements is sufficiently
reduced, and thus is further suitably used in maintaining
orthogonality at the oblique viewing angle of the polarizing
elements arranged in Cross-Nicol in the liquid crystal dis-
play of the vertical alignment mode and canceling the extra
retardation at the oblique viewing angle of the liquid crystal
cell of the vertical alignment mode etc.

[0054] The film having a thickness of less than or equal to
20 um is preferably formed by coating.

[0055] The form of the second stacked retardation film
may be, for example, a form in which at least one film
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exhibiting birefringence configuring the second stacked
retardation film is configured from the stacked body of two
or more retardation elements each satisfying O
nm=Rxy(550)=10 nm, and a form in which at least one of
the two or more retardation elements is a film having a
thickness of less than or equal to 20 um in the above form.
Since the two or more retardation elements configuring the
stacked body each has the retardation Rxy(550) in the in
plane direction sufficiently reduced, it is more suitably used
in maintaining orthogonality at the oblique viewing angle of
the polarizing elements arranged in Cross-Nicol in the liquid
crystal display of the vertical alignment mode and in can-
celing the extra retardation at the oblique viewing angle of
the liquid crystal cell of the vertical alignment mode. In the
form where at least one of the retardation elements is a film
having a thickness of less than or equal to 20 pm, the
influence on the retardation by the stacking of the retardation
elements is sufficiently reduced, and thus is further suitably
used in maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged in Cross-Nicol in
the liquid crystal display of the vertical alignment mode and
canceling the extra retardation at the oblique viewing angle
of the liquid crystal cell of the vertical alignment mode etc.

[0056] The film having a thickness of less than or equal to
20 um is preferably formed by coating.

[0057] The second negative C plate of the present inven-
tion satisfies the following equations (19) to (22).

[0058] Inequations (19) to (22), Rxy(A), Rxz(\) represent
the retardation Rxy, Rxz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx-ny)xd,
Rxz=(nx-nz)xd where nx, ny (nx=ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film.

0 nm=Rxy(550)=10 nm (19)
108 nm £Ryz(550)=379 nm (20)
1.04= Rxz(450)/Rxz(550) @1
Rxz(650)/Rxz(550)=0.98 (22)

[0059] If the second negative C plate satisfies equation
(19), the retardation Rxy(550) in the in plane direction is
sufficiently reduced, and in combination with the positive A
plate in the liquid crystal display of vertical alignment mode,
the second negative C plate is suitably used in maintaining
orthogonality at the oblique viewing angle of the polarizing
elements arranged in Cross-Nicol, and is suitably used in
canceling the extra retardation at the oblique viewing angle
of the liquid crystal cell. The preferred upper limit of
Rxy(550) is 5 nm. Therefore, the second negative C plate
preferably satisfies 0 nm=Rxy(550)=5 nm. The preferred
upper limit of Rxy(550) is 3 nm.

[0060] Ifthe first negative C plate satisfies equation (20),
the retardation Rxz(550) in the out of plane direction is
adjusted to a range suitable for maintaining orthogonality at
the oblique viewing angle of the polarizing elements
arranged in Cross-Nicol and canceling the extra retardation
at the oblique viewing angle of the liquid crystal cell in the
liquid crystal display of vertical alignment mode.

[0061] If the second negative C plate satisfies equations
(21) and (22), the wavelength dispersion property of the
retardation Rxz in the out of plane direction satisfies the
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wavelength dispersion property (forward wavelength dis-
persion property) necessary for canceling the extra retarda-
tion at the oblique viewing angle of the liquid crystal cell in
the liquid crystal display of vertical alignment mode,
thereby effectively preventing the coloration phenomenon at
the oblique viewing angle.

[0062] The form of the second negative C plate may be,
for example, a form configured by a single layer, a form
configured by a stacked body of two or more retardation
elements satisfying 0 nm =Rxy(550)=10 nm, and a form in
the above forms where at least one of the two or more
retardation elements is a film having a thickness of less than
or equal to 20 um. If the second negative C plate is
configured by a single layer, it can be easily and conve-
niently manufactured, enhancing reliability (durability), and
achieving thinning. If the second negative C plate is con-
figured by a stacked body, the degree of freedom can be
enhanced in film design of selecting the film material and the
like compared to when configured by a single layer. Since
the two or more retardation elements configuring the stacked
body each has the retardation Rxy(550) in the in plane
direction sufficiently reduced, it is more suitably used in
maintaining orthogonality at the oblique viewing angle of
the polarizing elements arranged in Cross-Nicol and in
canceling the extra retardation at the oblique viewing angle
of the liquid crystal cell in the liquid crystal display of the
vertical alignment mode. In the form where at least one of
the retardation elements is a film having a thickness of less
than or equal to 20 pum, it is further suitably used in
maintaining orthogonality at the oblique viewing angle of
the polarizing elements arranged in Cross-Nicol and can-
celing the extra retardation at the oblique viewing angle of
the liquid crystal cell in the liquid crystal display of the
vertical alignment mode.

[0063] The film having a thickness of less than or equal to
20 um is preferably formed by coating.

[0064] The preferred Embodiment of the polarizing film
using the retardation film of the present invention will now
be described. The present invention relates to a polarizing
film including the positive A plate and the polarizing ele-
ment, wherein the polarizing film is stacked without inter-
posing a film exhibiting birefringence between the positive
A plate and the polarizing element, and the nx direction of
the positive A plate and the absorption axis of the polarizing
element are arranged in a substantially orthogonal relation-
ship.

[0065] The polarizing film using the positive A plate of the
present invention (hereinafter referred to as “polarizing film
PA”) is used in combination with the positive C plate
(preferably, positive C plate of the present invention) or the
polarizing film (preferably, polarizing film PC of the present
invention) including the positive C plate and the polarizing
element, thus being effective in performing the maintenance
of orthogonality at the oblique viewing angle of the polar-
izing elements arranged at Cross-Nicol arrangement in the
region of wide wavelength of red, blue, green (R, G, B) in
the liquid crystal display. And the positive A plate and the
polarizing element are stacked without interposing a film
exhibiting birefringence such as the supporting layer (e.g.,
protective film of TAC film etc.) for protecting polarizing
element between the positive A plate and the polarizing
element thereby allowing amore efficient retardation com-
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pensation. Furthermore, since the nx direction of the positive
A plate of the present invention and the absorption axis of
the polarizing element are arranged at a substantially
orthogonal relationship, the retardation change is not applied
to the linear polarized light passed through the polarizing
element and entered from the perpendicular direction.

[0066] The present invention relates to a polarizing film
including the positive C plate and the polarizing element,
wherein the polarizing film is stacked without interposing a
film exhibiting birefringence between the positive C plate
and the polarizing element.

[0067] The polarizing film using the positive C plate of the
present invention (hereinafter referred to as “polarizing film
PC”) is used in combination with the positive A plate
(preferably, positive A plate of the present invention) or the
polarizing film (preferably, polarizing film PA of the present
invention) including the positive A plate and the polarizing
element, thus being effective in performing the maintenance
of orthogonality at the oblique viewing angle of the polar-
izing elements arranged at Cross-Nicol arrangement in the
region of wide wavelength of red, blue, green (R, G, B) in
the liquid crystal display. And the positive C plate and the
polarizing element are stacked without interposing a film
exhibiting birefringence between the positive C plate and the
polarizing element thereby allowing a more efficient retar-
dation compensation. Furthermore, since the positive C plate
of the present invention is substantially isotropic optically in
the in plane direction, the retardation change is not applied
to the linear polarized light passed through the polarizing
element and entered from the perpendicular direction.

[0068] The present invention relates to a polarizing film
including the biaxial retardation film and the polarizing
element, wherein the polarizing film is stacked without
interposing a film exhibiting birefringence between the
biaxial retardation film and the polarizing element, and the
nx direction of the biaxial retardation film and the absorption
axis of the polarizing element are arranged in a substantially
orthogonal or a substantially parallel relationship.

[0069] The polarizing film using the biaxial retardation
film of the present invention (hereinafter referred to as
“polarizing film BI”) is used alone in the liquid crystal
display, thus being effective in performing the maintenance
of orthogonality at the oblique viewing angle of the polar-
izing elements arranged at Cross-Nicol arrangement in the
region of wide wavelength of red, blue, green (R, G, B). And
the biaxial retardation film and the polarizing element are
stacked without interposing a film exhibiting birefringence
between the biaxial retardation film and the polarizing
element thereby allowing a more efficient retardation com-
pensation. Furthermore, since the nx direction of the biaxial
retardation film and the absorption axis of the polarizing
element are arranged in a substantially orthogonal or a
substantially parallel arrangement, the retardation change is
not applied to the linear polarized light passed through the
polarizing element and entered from the perpendicular direc-
tion.

[0070] The present invention relates to a polarizing film
including a first stacked retardation film and the polarizing
element, wherein the polarizing film is stacked without
interposing a film exhibiting birefringence between the first
stacked retardation film and the polarizing element.

[0071] The polarizing film using the first stacked retarda-
tion film of the present invention (hereinafter referred to as
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“polarizing film L.A1”) is used in combination with the
positive A plate (preferably, positive A plate of the present
invention), or the polarizing film (preferably, polarizing film
PA of the present invention) including the positive A plate
and the polarizing element, thus being effective in perform-
ing the maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged at Cross-Nicol
arrangement and cancellation of the extra retardation at the
oblique viewing angle of the liquid crystal cell in the region
of' wide wavelength of red, blue, green (R, G, B) in the liquid
crystal display of vertical alignment mode. And the first
stacked retardation film and the polarizing element are
stacked without interposing a film exhibiting birefringence
such as the supporting layer (e.g., protective film of TAC
film etc.) for protecting polarizing element between the first
stacked retardation film and the polarizing element thereby
allowing a more efficient retardation compensation.

[0072] The present invention relates to a polarizing film
including a second stacked retardation film and a polarizing
element, wherein the polarizing film is stacked without
interposing a film exhibiting birefringence between the
second stacked retardation film and the polarizing element.

[0073] The polarizing film using the second stacked retar-
dation film of the present invention (hereinafter referred to
as “polarizing film [.A2”) is used in combination with the
positive A plate (preferably, positive A plate of the present
invention), or the polarizing film (preferably, polarizing film
PA of the present invention) including the positive A plate
and the polarizing element, thus being effective in perform-
ing the maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged at Cross-Nicol
arrangement and cancellation of the extra retardation at the
oblique viewing angle of the liquid crystal cell in the region
of wide wavelength of red, blue, green (R, G, B) in the liquid
crystal display of vertical alignment mode. And the second
stacked retardation film and the polarizing element are
stacked without interposing a film exhibiting birefringence
such as the supporting layer (e.g., protective film of TAC
film etc.) for protecting polarizing element between the
second stacked retardation film and the polarizing element
thereby allowing a more efficient retardation compensation.

[0074] The present invention relates to a polarizing film
including a second negative C plate and a polarizing ele-
ment, wherein the polarizing film is stacked without inter-
posing a film exhibiting birefringence between the second
negative C plate and the polarizing element.

[0075] The polarizing film using the second negative C
plate of the present invention (hereinafter referred to as
“polarizing film NC2”) is used in combination with the
positive A plate (preferably, positive A plate of the present
invention), or the polarizing film (preferably, polarizing film
PA of the present invention) including the positive A plate
and the polarizing element, thus being effective in perform-
ing the maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged at Cross-Nicol
arrangement and cancellation of the extra retardation at the
oblique viewing angle of the liquid crystal cell in the region
of wide wavelength of red, blue, green (R, G, B) in the liquid
crystal display of vertical alignment mode. And the second
negative C plate and the polarizing element are stacked
without interposing a film exhibiting birefringence such as
the supporting layer (e.g., protective film of TAC film etc.)
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for protecting polarizing element between the second nega-
tive C plate and the polarizing element thereby allowing a
more eflicient retardation compensation.

[0076] The preferred Embodiment of the liquid crystal
display using the polarizing film of the present invention
will now be described. The present invention relates to a
liquid crystal display including a liquid crystal cell, and a
first polarizing film and a second polarizing film in a
Cross-Nicol relationship with each other at both sides of the
liquid crystal cell, wherein the first polarizing film is a
polarizing film PA, the second polarizing film is a polarizing
film PC, and the first polarizing film and the second polar-
izing film have the side of the positive A plate and the
positive C plate on the liquid crystal cell side.

[0077] According to the liquid crystal display in which the
polarizing film PA is arranged on one side of the liquid
crystal cell, and the polarizing film PC is arranged on the
other side, the maintenance of orthogonality at the oblique
viewing angle of the polarizing elements in Cross-Nicol
arrangement is performed in a region of wide wavelength of
red, blue green (R, G, B), and thus the coloration phenom-
enon at the oblique viewing angle is prevented, wider
viewing angle is achieved, and high display quality is
obtained.

[0078] In the present invention, the first polarizing film
and the second polarizing film may be directly contacted to
or may not be directly contacted to the liquid crystal cell.

[0079] The present invention relates to a liquid crystal
display including a liquid crystal cell, and first polarizing
film and second polarizing film in a Cross-Nicol relationship
with each other at both sides of the liquid crystal cell,
wherein the first polarizing film is a polarizing film PA and
has the side of the positive A plate on the liquid crystal cell
side, and the liquid crystal display has the positive C plate
stacked without interposing a film exhibiting birefringence
on the liquid crystal cell side of the first polarizing film.

[0080] According to the liquid crystal display in which the
positive A plate of the present invention and the positive C
plate of the present invention are arranged on the liquid
crystal cell side than the polarizing element on one side of
the liquid crystal cell, the maintenance of orthogonality at
the oblique viewing angle of the polarizing elements in
Cross-Nicol arrangement is performed in a region of wide
wavelength of red, blue green (R, G, B), and thus the
coloration phenomenon at the oblique viewing angle is
prevented, wider viewing angle is achieved, and high dis-
play quality is obtained.

[0081] In this aspect, the positive C plate of the present
invention is substantially isotropic optically in the in plane
direction, and thus the retardation change is not applied to
the linear polarized light passed through the polarizing
element and entered from the perpendicular direction. In this
aspect, it is preferable that the second polarizing film
includes a polarizing element and the liquid crystal display
does not include a film exhibiting birefringence between the
polarizing element of the second polarizing film and the
liquid crystal cell.

[0082] The present invention relates to a liquid crystal
display including a liquid crystal cell, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
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wherein the first polarizing film is a polarizing film PC and
has the side of the positive C plate on the liquid crystal cell
side, and the liquid crystal display has the positive A plate
stacked with the nx direction thereof and the absorption axis
of'the polarizing element configuring the first polarizing film
in a substantially parallel relationship without interposing a
film exhibiting birefringence on the liquid crystal cell side of
the first polarizing film.

[0083] According to the liquid crystal display in which the
positive C plate of the present invention and the positive A
plate of the present invention are arranged on the liquid
crystal cell side than the polarizing element on one side of
the liquid crystal cell, the maintenance of orthogonality at
the oblique viewing angle of the polarizing elements in
Cross-Nicol arrangement is performed in a region of wide
wavelength of red, blue green (R, G, B), and thus the
coloration phenomenon at the oblique viewing angle is
prevented, wider viewing angle is achieved, and high dis-
play quality is obtained. Furthermore, since the positive A
plate of the present invention is arranged with the nx
direction and the absorption axis of the polarizing element in
a substantially orthogonal relationship, the retardation
change is not applied to the linear polarized light passed
through the polarizing element and entered from the per-
pendicular direction.

[0084] The present invention relates to a liquid crystal
display including a liquid crystal cell, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
wherein the first polarizing film is a polarizing film BI and
has the side of the biaxial retardation film on the liquid
crystal cell side.

[0085] According to the liquid crystal display in which the
biaxial retardation film of the present invention is arranged
on the liquid crystal cell side than the polarizing element, the
maintenance of orthogonality at the oblique viewing angle
of the polarizing elements in Cross-Nicol arrangement is
performed in a region of wide wavelength of red, blue green
(R, G, B), and thus the coloration phenomenon at the oblique
viewing angle is effectively prevented, wider viewing angle
is achieved, and high display quality is obtained.

[0086] The liquid crystal display preferably performs the
display of black with the majority of liquid crystal molecules
at the liquid crystal cell aligned substantially perpendicular
to the substrate and the in plane retardation at substantially
zero.

[0087] Inthe liquid crystal display of the present invention
of the vertical alignment mode (VA mode), the positive A
plate of the present invention and the positive C plate of the
present invention or the biaxial retardation film of the
present invention is arranged on the liquid crystal cell side
than the polarizing element, thus the maintenance of
orthogonality at the oblique viewing angle of the polarizing
elements arranged at Cross-Nicol, which was a problem in
the conventional liquid crystal display of VA mode, is
performed in a region of wide wavelength of red, blue, and
green (R, G, B), and thus the coloration phenomenon at the
oblique viewing angle is effectively prevented, wider view-
ing angle is achieved, and particularly-high display quality
is obtained. Furthermore, high contrast ratio is obtained,
similar to the conventional liquid crystal display of VA
mode.
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[0088] In the present specification, substantially perpen-
dicular includes, in addition to being completely perpen-
dicular, an error span in which the desired effect can be
substantially obtained, and substantially zero includes, in
addition to being zero, an error span in which the desired
effect can be substantially obtained.

[0089] The liquid crystal display preferably has a uniaxial
retardation film in a relationship adjacent to the liquid
crystal cell without a film exhibiting birefringence, and the
uniaxial retardation film satisfying the following equations
(23) and (24), and that has an optical axis out of plane and
where extraordinary ray refraction index<ordinary ray
refraction index. In equations (23) and (24), Rxy(A), Rxz(A)
represent the retardation Rxy, Rxz of the retardation film at
wavelength A nm respectively, and are defined as Rxy=(nx-
ny)xd, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the prin-
cipal refraction indexes in the in plane direction, nz is the
principal refraction index in the out of plane direction, and
d is the thickness in the retardation film. Furthermore, in
equation (24), Rlc()) represents the retardation Rlc of the
liquid crystal cell at wavelength Anm, and is defined as
Rlc=(ne-no)xd' where ne is the extraordinary ray refraction
index of the liquid crystal cell, no is the ordinary ray
refraction index, and d' is the thickness.

0 nm=Rxy(550)=10 nm (23)
0 nm=RIc(550)-Rxz(550)=35 nm (24)

[0090] If the uniaxial retardation film that satisfies the
equations (23) and (24), and that has an optical axis out of
plane and where extraordinary ray refraction index<ordinary
ray refraction index (hereinafter also referred to as “third
negative C plate”) satisfies equation (23), the retardation
Rxy(550) in the in plane direction is sufficiently reduced,
and is suitably used in performing the viewing angle com-
pensation of the liquid crystal cell in the liquid crystal
display of VA mode. The preferred upper limit of Rxy(550)
is 5 nm.

[0091] Ifthe third negative C plate satisfies equation (24),
the retardation Rxz(550) in the out of plane direction is
adjusted to a suitable range for performing the viewing angle
compensation at the oblique viewing angle of the liquid
crystal cell in the liquid crystal display of VA mode. The
preferred lower limit of Rlc(550)-Rxz(550) is 10 nm, and
the preferred upper limit is 30 nm.

[0092] According to the liquid crystal display in which the
third negative C plate is arranged in a relationship of being
adjacent to the liquid crystal cell without a film exhibiting
birefringence, the viewing angle compensation at the
oblique viewing angle of the liquid crystal cell in the liquid
crystal display of VA mode is effectively performed.

[0093] The preferred form of the third negative C plate
may be a form configured by a stacked body of two or more
retardation elements having the optical axis out of plane.
Compared to when configured by a single layer, when the
third negative C plate is configured by a stacked body, the
degree of freedom of film design such as selection of film
material can be enhanced.

[0094] The third negative C plate preferably satisfies
Rxz(450) 2Rxz(550)=Rxz(650). If the retardation Rxz in
the out of plane direction in the third negative C plate has
forward wavelength dispersion property, the viewing angle
compensation at the oblique viewing angle of the liquid
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crystal cell in the liquid crystal display of VA mode can be
effectively performed, and the coloration phenomenon at the
oblique viewing angle can be effectively prevented.

[0095] The third negative C plate preferably satisfies 0
nm=RIc(450)-Rxz(450)=35 nm and 0 nm=Rlc(650)-
Rxz(650)=35 nm. As a result, the viewing angle compen-
sation at the oblique viewing angle of the liquid crystal cell
in the liquid crystal display of VA mode can be performed
in a range of wide wavelength of red, blue, green (R, G, B),
the coloration phenomenon at the oblique viewing angle is
further effectively prevented. The more preferable lower
limit of Rlc(450)-Rxz(450) is 10 nm, and the more prefer-
able upper limit is 30 nm. The more preferably lower limit
of Rle(650)-Rxz(650) is 10 nm, and the more preferable
upper limit is 30 nm.

[0096] The liquid crystal display is preferably that which
performs display of black with the majority of liquid crystal
molecules in the liquid crystal cell aligned substantially
parallel to the substrate and substantially orthogonal to the
absorption axis of the first polarizing film, and that in which
a film exhibiting birefringence is not present between the
second polarizing film and the liquid crystal cell.

[0097] Since the positive A plate of the present invention
and the positive C plate of the present invention or the
biaxial retardation film of the present invention is arranged
on the liquid crystal cell side than the polarizing element in
the liquid crystal display of the present invention of in plane
switch mode (IPS mode), the maintenance of orthogonality
at the oblique viewing angle of the polarizing element
arranged in Cross-Nicol, which was a problem in the con-
ventional liquid crystal display of IPS mode, is performed in
a region of wide wavelength of red, blue, green (R, G, B),
and thus the coloration phenomenon at the oblique viewing
angle is effectively prevented, wider viewing angle is
achieved, and particularly-high display quality is obtained.

[0098] In such aspect of the IPS mode, it is preferable that
the second polarizing film includes a polarizing element and
the liquid crystal display does not include a film exhibiting
birefringence between the polarizing element of the second
polarizing film and the liquid crystal cell.

[0099] The present invention relates to a liquid crystal
display including a liquid crystal cell for performing display
of black with majority of liquid crystal molecules aligned
substantially perpendicular to the substrate and with the in
plane retardation substantially zero, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
where the first polarizing film is a polarizing film PA, the
second polarizing film is a polarizing film LA1, polarizing
film LA2 or polarizing film NC2, and the polarizing films
respectively have the side of the retardation film on the
liquid crystal cell side.

[0100] According to the liquid crystal display of VA mode
in which the polarizing film PA of the present invention is
arranged on one side of the liquid crystal cell, and the
polarizing film LA1 of the present invention, the polarizing
film LA2 of the present invention, or the polarizing film
NC2 of the present invention is arranged on the other side,
the maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged in Cross-Nicol and
cancellation of the extra retardation at the oblique viewing
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angle of the liquid crystal cell are performed in a region of
wide wavelength of red, blue green (R, G, B) since the first
stacked retardation film, the second stacked retardation film,
or the second negative C plate of the present invention is
arranged on the liquid crystal cell side than the polarizing
element, and thus the coloration phenomenon at the oblique
viewing angle is effectively prevented, wider viewing angle
is achieved, and high display quality is obtained. Further-
more, high contrast ratio is obtained, similar to the conven-
tional liquid crystal display of VA mode, in the liquid crystal
display of the present invention of VA mode.

[0101] In the present invention, the first polarizing film
and the second polarizing film may be directly contacted to
or may not be directly contacted to the liquid crystal cell.

[0102] The present invention relates to a liquid crystal
display including a liquid crystal cell for performing display
of black with majority of liquid crystal molecules aligned
substantially perpendicular to the substrate and with the in
plane retardation substantially zero, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
wherein the first polarizing film is a polarizing film PA and
has the side of the positive A plate on the liquid crystal cell
side, and the liquid crystal display is a liquid crystal display
in which the first stacked retardation film, the second stacked
retardation film, or the second negative C plate is stacked
without interposing a film exhibiting birefringence on the
liquid crystal cell side of the first polarizing film.

[0103] According to the liquid crystal display of VA mode
in which the positive A plate of the present invention and the
fist stacked retardation film of the present invention, the
second stacked retardation film of the present invention, or
the second negative C plate of the present invention are
arranged on the liquid crystal cell side of the polarizing
elements, the maintenance of orthogonality at the oblique
viewing angle of the polarizing elements arranged in Cross-
Nicol and cancellation of the extra retardation at the oblique
viewing angle of the liquid crystal cell are performed in a
region of wide wavelength of red, blue green (R, G, B), and
thus the coloration phenomenon at the oblique viewing
angle is effectively prevented, wider viewing angle is
achieved, and high display quality is obtained. Furthermore,
high contrast ratio is obtained, similar to the conventional
liquid crystal display of VA mode, in the liquid crystal
display of the present invention of the vertical alignment
mode (VA mode).

[0104] The present invention relates to a liquid crystal
display including a liquid crystal cell for performing display
of black with majority of liquid crystal molecules aligned
substantially perpendicular to the substrate and with the in
plane retardation substantially zero, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
wherein the first polarizing film is a polarizing film PA, the
second polarizing film satisfies the following equations (25)
and (26) and includes a uniaxial retardation film having
optical axis out of plane and where extraordinary ray refrac-
tion index<ordinary ray refraction index and polarizing
element, and the polarizing films are each stacked without
interposing a film exhibiting birefringence between the
retardation film and the polarizing element, the side of the
retardation film being positioned on the liquid crystal cell
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side. In equations (25) and (26), Rxy(\), Rxz(A) represent
the retardation Rxy, Rxz of the retardation film at wave-
length A nm respectively, and are defined as Rxy=(nx-ny)x
d, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the principal
refraction indexes in the in plane direction, nz is the prin-
cipal refraction index in the out of plane direction, and d is
the thickness in the retardation film. Furthermore, in equa-
tion (26), Rlc(\) represents the retardation Rlc of the liquid
crystal cell at wavelength % nm, and is defined as Rlc=(ne-
no)xd' where ne is the extraordinary ray refraction index of
the liquid crystal cell, no is the ordinary ray refraction index,
and d' is the thickness.

0 nm=Rxy(550)=10 nm (25)
71 nm=RIc(550)-Rxz(550)=142 nm (26)
[0105] If the uniaxial retardation film that satisfies equa-

tions (25) and (26), and that has an optical axis out of plane
and where extraordinary ray refraction index<ordinary ray
refraction index (hereinafter also referred to as “fourth
negative C plate”) satisfies equation (25), the retardation
Rxy(550) in the in plane direction is sufficiently reduced,
and is suitably used in performing the viewing angle com-
pensation of the liquid crystal cell in the liquid crystal
display of VA mode. The preferred upper limit of Rxy(550)
is 3 nm.

[0106] If the fourth negative C plate satisfies equation
(26), the retardation Rxz(550) in the out of plane direction
is adjusted to a suitable range for performing the viewing
angle compensation at the viewing angle of the liquid crystal
cell in the liquid crystal display of VA mode. The preferred
lower limit of Rlc(550)-Rxz(550) is 80 nm, and the pre-
ferred upper limit is 110 nm.

[0107] According to the liquid crystal display of the VA
mode in which the positive A plate of the present invention
is arranged on one side of the liquid crystal cell, and the
fourth negative C plate is arranged on the other side, the
maintenance of orthogonality at the oblique viewing angle
of the polarizing elements arranged in Cross-Nicol and
cancellation of the extra retardation at the oblique viewing
angle of the liquid crystal cell are performed in a region of
wide wavelength of red, blue green (R, G, B), and thus the
coloration phenomenon at the oblique viewing angle is
effectively prevented, wider viewing angle is achieved, and
high display quality is obtained. Furthermore, high contrast
ratio is obtained, similar to the conventional liquid crystal
display of VA mode, in the liquid crystal display of the
present invention of the VA mode.

[0108] In the present invention, the first polarizing film
and the second polarizing film may be directly contacted to
or may not be directly contacted to the liquid crystal cell.

[0109] The present invention relates to a liquid crystal
display including a liquid crystal cell for performing display
of black with majority of liquid crystal molecules aligned
substantially perpendicular to the substrate and with the in
plane retardation substantially zero, and a first polarizing
film and a second polarizing film in a Cross-Nicol relation-
ship with each other at both sides of the liquid crystal cell,
wherein the first polarizing film is a polarizing film PA and
has the side of the positive A plate on the liquid crystal cell
side, and the liquid crystal display is a liquid crystal display
in which the fourth negative C plate is stacked without
interposing a film exhibiting birefringence on the liquid
crystal cell side of the first polarizing film.
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[0110] According to the liquid crystal display of VA mode
in which the positive A plate of the present invention and the
fourth negative C plate of the present invention are arranged
on one side of the liquid crystal cell, the maintenance of
orthogonality at the oblique viewing angle of the polarizing
elements arranged in Cross-Nicol is performed in a region of
wide wavelength of red, blue green (R, G, B) by using the
positive A plate of the present invention in combination with
the positive C plate (positive C plate of present invention is
preferable), and cancellation of the extra retardation at the
oblique viewing angle of the liquid crystal cell is performed
in a region of wide wavelength of red, blue green (R, G, B)
by using the fourth negative C plate of the present invention,
and thus the coloration phenomenon at the oblique viewing
angle is effectively prevented, wider viewing angle is
achieved, and high display quality is obtained. Furthermore,
high contrast ratio is obtained, similar to the conventional
liquid crystal display of VA mode, in the liquid crystal
display of the present invention of the vertical alignment
mode (VA mode).

[0111] The fourth negative C plate preferably satisfies the
following equation (27). In equation (27), Rxz(\) represents
the retardation Rxz of the retardation film at wavelength A
nm, and is defined as Rxz=(nx-nz)xd where nx, ny (nx=ny)
are the principal refraction indexes in the in plane direction,
nz is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film.
Furthermore, Rlc()) represents the retardation Rlc of the
liquid crystal cell at wavelength Anm, and is defined as
Rlc=(ne-no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is the
thickness in the liquid crystal cell.

{RIc(450)-Rxz(450)} ={RIc(550)-

Rxz(550)} S{RIc(650)-Rxz(650) } 7
[0112] If the fourth negative C plate satisfies equation
(27), the wavelength dispersion property of the retardation
Rxz in the out of plane direction satisfies the wavelength
dispersion property (forward wavelength dispersion prop-
erty) necessary for performing cancellation of the extra
retardation at the oblique viewing angle of the liquid crystal
cell in the liquid crystal display of vertical alignment mode,
and effectively prevents the coloration phenomenon at the
oblique viewing angle.

[0113] The fourth negative C plate preferably satisfies
equations (28) and (29). The Rxz(}) in equations (28) and
(29) represents the retardation Rxz of the retardation film at
wavelength Anm, and is defined as Rxz=(nx-nz)xd where
nx, ny (nx=ny) are the principal refraction indexes in the in
plane direction, nz is the principal refraction index in the out
of plane direction, and d is the thickness in the retardation
film. Furthermore, Rlc(A) represents the retardation Rlc of
the liquid crystal cell at wavelength Anm, and is defined as
Rlc=(ne-no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is the
thickness in the liquid crystal cell.

0.75 < { Rlc(450)-Rxz(450)}{RIc(550)-
Rxz(550)}=0.97 (28)

1.03={RIc(650)-Rxz(650)}/{RIc(550)-
5

Rxz(550)}=1.2 29

[0114] Ifthe fourth negative C plate satisfies the equations
(28) and (29), the wavelength dispersion property of the
retardation Rxz in the out of plane direction satisfies the
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wavelength dispersion property (forward wavelength dis-
persion property) necessary for performing cancellation of
the extra retardation at the oblique viewing angle of the
liquid crystal cell in the liquid crystal display of vertical
alignment mode, and effectively prevents the coloration
phenomenon at the oblique viewing angle. The more pre-
ferred lower limit of {Rlc(450)-Rxz(450)}/{Rlc(550)-
Rxz(550)} is 0.78, and the more preferably upper limit 0.86.
The more preferred lower limit of {Rlc(650)-Rxz(650)}/
{R1c(550)-Rxz(550)} is 1.14, and the more preferably
upper limit 1.22.

[0115] The present invention relates to a liquid crystal
display including a liquid crystal cell, and polarizing films
being in a Cross-Nicol relationship with each other at both
sides of the liquid crystal cell, where at least one polarizing
film includes a retardation film having reverse wavelength
dispersion property, and the liquid crystal display includes a
retardation film having the wavelength dispersion property
substantially the same as the liquid crystal layer configuring
the liquid crystal cell. According to the liquid crystal display
of the present invention, the maintenance of orthogonality at
the oblique viewing angle of the polarizing elements
arranged in Cross-Nicol is performed in the region of wide
wavelength of red, blue, green (R, G, B) by the retardation
film having the wavelength dispersion property arranged at
the polarizing film, and the cancellation of the extra retar-
dation at the oblique viewing angle of the liquid crystal cell
is performed in the region of wide wavelength of red, blue,
green (R, G, B) by the retardation film having the reverse
wavelength dispersion property substantially the same as the
liquid crystal layer configuring the liquid crystal cell,
whereby the liquid crystal display of vertical alignment
mode (VA mode) etc. that effectively prevents the coloration
phenomenon at the oblique viewing angle, achieves wider
viewing angle and has particularly-high display quality is
provided. Furthermore, in addition to a form in which the
extra retardation at the oblique viewing angle of the liquid
crystal cell is completely canceled by the retardation film
having the wavelength dispersion property substantially the
same as the liquid crystal layer, as described above, a form
in which, in the VA mode, only some of the extra retardation
at the oblique viewing angle of the liquid crystal cell is
canceled by the negative C plate (retardation film having
wavelength dispersion property substantially the same as the
liquid crystal layer, for example, second negative C plate of
the present invention) having forward wavelength disper-
sion property larger than that in the liquid crystal cell that is
a positive C plate having forward wavelength dispersion
property (the changing rate of the retardation for wavelength
change is larger) may be provided. In this case, some of the
extra retardation at the oblique viewing angle of the liquid
crystal cell which is the positive C plate remains, but such
retardation shows reverse wavelength dispersion property.
The maintenance of orthogonality at the oblique viewing
angle of the polarizing elements arranged in Cross-Nicol is
performed by combining this positive C plate having reverse
wavelength dispersion property and the positive A plate
having reverse wavelength dispersion property.

[0116] Inthe present specification, the reverse wavelength
dispersion property refers to the wavelength property that
satisfies the relationship (retardation at wavelength 450
nm)= (retardation at wavelength 550 nm)=(retardation at
wavelength 650 nm), the forward wavelength dispersion
property refers to the wavelength property that satisfies the
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relationship (retardation at wavelength 450
nm)Z (retardation at wavelength 550 nm)=Z(retardation at
wavelength 650 nm), and flat wavelength dispersion prop-
erty refers to the wavelength property that satisfies the
relationship (retardation at wavelength 450
nm)=(retardation at wavelength 550 nm)=(retardation at
wavelength 650 nm). Furthermore, the wavelength disper-
sion property substantially the same as the liquid crystal
layer configuring the liquid crystal cell refers to the reverse
wavelength dispersion property if the wavelength dispersion
property of the liquid crystal layer is the reverse wavelength
dispersion property, refers to the forward wavelength dis-
persion property if the wavelength dispersion property of the
liquid crystal layer is the forward wavelength dispersion
property, and refers to the flat wavelength dispersion prop-
erty if the wavelength dispersion property of the liquid
crystal layer is the flat wavelength dispersion property. In the
liquid crystal cell of VA mode, the retardation film having
the wavelength dispersion property substantially the same as
the liquid crystal layer configuring the liquid crystal cell is
preferably the retardation film having forward wavelength
dispersion  property, and preferably satisfies 0
nm=RIc(450)-Rxz(450)=35 nm, O nm=RIc(550)-
Rxz(550)=35 nm, and 0 nm=Rlc(650)-Rxz(650)=35 nm.

[0117] The material of the retardation film having reverse
wavelength dispersion property includes modified polycar-
bonate and the like. With regards to the retardation film
having reverse wavelength dispersion property, that in
which the retardation becomes greater as the wavelength
becomes longer in the visible light wavelength region (380
to 780 nm) is preferred. The material of the retardation film
having forward wavelength dispersion property includes
polycarbonate, polysulfone, polymethyl methacrylate, and
the like. The material of the retardation film having flat
wavelength dispersion property includes norbornene resin
and the like.

[0118] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which at least one
of the retardation films having reverse wavelength disper-
sion property or having wavelength dispersion property
substantially the same as the liquid crystal layer is config-
ured by a stacked body of two or more retardation elements.
The degree of freedom in film design such as selection of the
film material and the like can be enhanced compared to
when configuring with a single layer by configuring the
retardation film as a stacked body of two or more retardation
elements. Furthermore, by being formed by a stacked body,
the optimization of the wavelength dispersion property at the
oblique viewing angle can be realized as opposed to when
simply using a plurality of various retardation elements
without considering the arranging form (arranging location).

[0119] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which the retar-
dation film having reverse wavelength dispersion property is
made of at least one selected from a group consisting of a
uniaxial retardation film (positive A plate) having optical
axis in plane and where extraordinary ray refraction
index>ordinary ray refraction index, a uniaxial retardation
film (positive C plate) having optical axis out of plane and
where extraordinary ray refraction index>ordinary ray
refraction index, and a biaxial retardation film, and the
retardation film having wavelength dispersion property sub-
stantially the same as the liquid crystal is a uniaxial retar-
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dation film (negative C plate) having optical axis out of
plane and where extraordinary ray refraction index<ordinary
ray refraction index. In such liquid crystal display of the
present invention, any of the positive A plate of the present
invention, the positive C plate of the present invention, the
biaxial retardation film of the present invention, the polar-
izing film PA of the present invention, the polarizing film PC
of'the present invention, the polarizing film BI of the present
invention, the first negative C plate of the present invention,
the second negative C plate of the present invention, the
third negative C plate of the present invention, the fourth
negative C plate of the present invention, the polarizing film
NC1 of the present invention, the polarizing film NC2, the
polarizing film including the third negative C plate and the
polarizing element, and the polarizing film including the
fourth negative C plate and the polarizing element can be
applied.

[0120] The present invention relates to a liquid crystal
display including a liquid crystal cell, and polarizing films
being in a in a Cross-Nicol relationship with each other at
both sides of the liquid crystal cell, where one polarizing
film includes a retardation film having reverse wavelength
dispersion property, and one polarizing film does not include
a supporting layer (protective film) exhibiting birefringence
on the liquid crystal cell side of the polarizing element.
According to such liquid crystal display of the present
invention, the maintenance of orthogonality at the oblique
viewing angle of the polarizing elements arranged in Cross-
Nicol is performed in the region of wide wavelength of red,
blue, green (R, G, B) by the retardation film having the
reverse wavelength dispersion property arranged at the
polarizing film, whereby the liquid crystal display of in
plane switching mode (IPS mode) etc. that effectively pre-
vents the coloration phenomenon at the oblique viewing
angle, achieves wider viewing angle and has particularly-
high display quality is provided. Furthermore, since the
retardation film can be designed in such liquid crystal
display of the present invention without taking into consid-
eration the retardation and the wavelength dispersion prop-
erty of the supporting layer (protective film) for protecting
polarizing elements consisting of triacetyl cellulose and the
like, it is useful in performing maintenance of orthogonality
at the oblique viewing angle of the polarizing elements
arranged in Cross-Nicol in a region of wide wavelength.

[0121] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which the retar-
dation film having reverse wavelength dispersion property is
configured by a stacked body of two or more retardation
elements. The degree of freedom in film design such as
selection of the film material and the like can be enhanced
compared to when configuring with a single layer by con-
figuring the retardation film as a stacked body of two or
more retardation elements. Furthermore, by being formed by
a stacked body, the optimization of the wavelength disper-
sion property at the oblique viewing angle can be realized as
opposed to when simply using a plurality of various retar-
dation elements without considering the arranging form
(arranging location).

[0122] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which the retar-
dation film having reverse wavelength dispersion property is
made of at least one selected from a group consisting of a
uniaxial retardation film (positive A plate) having optical
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axis in plane and where extraordinary ray refraction
index>ordinary ray refraction index, a uniaxial retardation
film (positive C plate) having optical axis out of plane and
where extraordinary ray refraction index>ordinary ray
refraction index, and a biaxial retardation film. In such liquid
crystal display of the present invention, any of the positive
A plate of the present invention, the positive C plate of the
present invention, the biaxial retardation film of the present
invention, the polarizing film PA of the present invention,
the polarizing film PC of the present invention, and the
polarizing film BI of the present invention can be applied.

[0123] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which at least one
of the alignment dividing means forming two or more
alignment directions of the liquid crystal molecules in time
of display of halftone and white or a color separation means
for performing color display is arranged, and the liquid
crystal display has a contrast ratio measured from the normal
line direction of greater than or equal to 800. According to
such aspect, the effects of the present invention are more
effectively exhibited.

[0124] In the present specification, the contrast ratio is
defined as the ratio of transmissivity in time of display of
white with respect to transmissivity in time of display of
black (transmissivity in time of display of white/transmis-
sivity in time of display of black), where each transmissivity
is measured by performing light reception at the view angle
of 2° using a dispersion light source having a half band
width of output angle-luminance property at the arbitrary
azimuthal angle direction of greater than or equal to 40°.

[0125] The rib shaped projection, for example, is suitably
used as the alignment dividing means. The color filter of
pigment dispersion type, for example, is suitably used as the
color separation means.

[0126] The preferred aspect of the liquid crystal display of
the present invention includes an aspect in which the pho-
toelastic coeflicient of the retardation film is less than or
equal to 20x10™® cm®N. According to such aspect, the
change in retardation, optical axis etc. associated with
deformation and the like of the retardation film due to
radiated heat from the backlight can be suppressed, and thus
the effects of the present invention are further effectively
exhibited.

[0127] The more preferred upper limit of the photoelastic
coefficient is 10x10~® ¢cm?*N, and the further preferably
upper limit is 5x107% cm*N.

[0128] The present invention also relates to a method of
designing the retardation in the in plane direction and the out
of plane direction of the retardation film, where the method
of designing the retardation film references the sign and the
absolute value of the effective retardation measured from the
angle inclined by a predetermined angle greater than 0° from
the normal line direction of the retardation film and the
liquid crystal cell as the design parameter. According to such
method of designing the retardation film, designing is per-
formed taking into consideration the maintenance of
orthogonality at the oblique viewing angle of the polarizing
elements arranged in Cross-Nicol, cancellation of the extra
retardation at the oblique viewing angle of the liquid crystal
cell etc., and thus is useful in terms of effectively preventing
the light leakage at the oblique viewing angle and achieving
wider viewing angle.
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[0129] In the method of designing the retardation film of
the present invention, the sign and the absolute value of the
effective retardation preferably uses the values at 450 nm,
550 nm, and 650 nm. It is thus particularly useful in terms
of effectively preventing the coloration phenomenon at the
oblique viewing angle and achieving wider viewing angle.

[0130] The angle inclined by a predetermined angle
greater than 0° is not particularly limited but, 40° and 60° are
suitable.

EFFECT OF THE INVENTION

[0131] According to the retardation film of the present
invention, the maintenance of orthogonality at the oblique
viewing angle of the polarizing elements of Cross-Nicol
arrangement is performed in a region of wide wavelength of
red, blue, and green, and the light leakage and the coloration
phenomenon at the oblique viewing angle are effectively
prevented in the liquid crystal display of vertical alignment
mode (VA mode), in plane switching mode (IPS mode) etc.
The liquid crystal display using such retardation film
achieves wider viewing angle, obtains high display quality,
and is particularly suitable in large television.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0132] The contents of the present invention will now be
specifically described based on simulation results and the
like. “LCD Master (manufactured by SHINTEC, Inc.)”,
which is a commercially available liquid crystal simulator, is
used for the simulation. The optical calculation algorithm is
a 2x2 Johns matrix method.

[0133] Various methods (generally referred to also as
display mode) exist for the liquid crystal display, but that in
which a liquid crystal cell is arranged between a pair of
polarizing elements in the Cross-Nicol relationship with
each other is most common. In such liquid crystal display,
display of black is substantially performed by Cross-Nicol
arrangement of the polarizing element by achieving a state
in which the liquid crystal molecules are aligned substan-
tially perpendicular to the substrate so that the liquid crystal
cells do not have retardation, or a state in which the liquid
crystal molecules are in plane rotated so that even if the
liquid crystal cells have retardation, the optical axis thereof
is substantially parallel or substantially perpendicular to the
polarizing axis (transmissive axis or absorption axis) of the
polarizing element so that the retardation is not exhibited
etc. is effective in terms of realizing high contrast ratio, and
most of the VA mode and the IPS mode adopt such method.

<Regarding Maintenance Of Orthogonality Of Polarizing
Elements>

[0134] In order to understand the basic viewing angle
property of the liquid crystal display, the viewing angle
property of the most basic system that does not include
liquid crystal cells, that is, of the system in which two
polarizing elements are arranged in the Cross-Nicol rela-
tionship will now be considered. In the present specification,
the polarizing element is essentially configured from the
minimum element necessary to obtain the desired linear
polarization from the random polarization, and is distinctly
differentiated from the film stacked with the supporting layer
(protective film), a so-called normal polarizing film in an
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aim of enhancing reliability on both sides of the minimum
element. The use of terms will now be described by way of
specific examples. Presently, the most common polarizing
element is a polarizing membrane obtained by adsorbing
stain solution containing iodine complex or dye having
dichroism to the polyvinyl alcohol film (PVA film), and
extending the same in a constant direction, and the most
common polarizing film is a film having a three layer
configuration obtained by adhering a transparent film such
as triacetyl cellulose film (TAC film) for protecting polar-
izing membrane on both sides of the polarizing membrane.

[0135] FIG. 1 is a view showing in a frame format the
relative arrangement relationship of the absorption axes for
the system in which two polarizing elements are arranged in
the Cross-Nicol relationship, where (a) is when observed
from the front, and (b) is when observed from an oblique
viewing angle. The direction of the white arrow in FIG. 1(a)
represents the observing direction (direction of tilting the
viewing angle) of FIG. 1(4). FIGS. 2(a) and 2(b) show the
result of calculating the change in transmissivity and chro-
maticity, respectively, when observed with the viewing
angle tilted in the 45° direction in the system shown in FIG.
1. The calculation of transmissivity is performed in the
entire region of the visible wavelength 0f 380 to 780 nm, and
the Y value obtained by performing visibility correction is
used as the transmissivity. The calculation of chromaticity is
performed with a method similar to the calculation of
transmissivity, and the xy chromaticity of XYZ calorimetric
system (CIE1931 standard colorimetric system) is used. In
the present specification, transmissivity represents the Y
value obtained by performing visibility correction unless
particularly stated. In the present specification, the direction
of tilting the viewing angle represents the direction of
bisecting the absorption axes of the two polarizing elements
such as 45° direction when the absorption axes of the two
polarizing elements are 0°, 90°, respectively, and 90° direc-
tion when the absorption axes is 45°, 135°, unless particu-
larly stated.

[0136] As shown in FIG. 2(a), the transmissivity is sup-
pressed low to substantially 0.01% at the front view, but
increases as the more the viewing angle is tilted, and is 1.2%
at viewing angle of 60°. As shown in FIG. 2(b), the
chromaticity point greatly changes the more the viewing
angle is tilted.

[0137] As described above, the transmissivity increases
and the chromaticity point changes the more the viewing
angle is tilted. This phenomenon can be explained as below.

[0138] The absorption axes of two polarizing elements
arranged in the Cross-Nicol relationship form an angle of
90° (orthogonality) when seen from the front, as shown in
FIG. 1(a), but when the viewing angle is tilted in the
direction of bisecting the relevant angle, as shown in FIG.
1(b), the angle formed by the absorption axes of the two
polarizing elements start to deviate from 90°. Thus, in the
oblique viewing angle, some of the linear polarization that
passes through the polarizing element (generally referred to
as polarizer) on the light source side is not absorbed at the
polarizing element (generally referred to as analyzer) on the
observer’s side and transmits therethrough, and as a result,
light leakage occurs.

[0139] FIG. 3 is an explanatory view expressing the light
leakage phenomenon in the oblique viewing angle on the
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Poincare sphere. Point P in FIG. 3 represents the polarizing
state of immediately after transmitting the polarizer at the
front view, and point E (overlapping point P) represents the
polarizing state in which the analyzer can most effectively
absorb. P' represents the polarizing state of immediately
after transmitting the polarizer in the oblique viewing angle,
and point E' represents the polarizing state in which the
analyzer can most effectively absorb in the oblique viewing
angle.

[0140] The detailed description in handling the polarizing
state on the Poincare sphere will be omitted, but the concept
of using the Poincare sphere is widely known in the field of
crystal optics and the like as a method effective in tracking
the polarizing state that changes through the retardation
element (see e.g., “Crystal Optics” written by Hiroshi
Takasaki, Published by Morikita Publishing Co., 1975, p.
146-163). In the Poincare sphere, the clockwise polarized
light is shown on the upper hemisphere, the counterclock-
wise polarized light is shown on the lower hemisphere, a
linear polarized light is shown on the equator, and right
circularly polarized light and left circularly polarized light
respectively on the upper and lower poles. The two polar-
izing states of symmetric relationship with respect to the
center of the sphere have the same absolute value of ellip-
ticity angle and have opposite polarities, and thus form a pair
of orthogonal polarized light. The effect of the retardation
film on the Poincare sphere is to convert the point repre-
senting the polarizing state immediately before passing the
retardation film into the point rotatably moved by an angle
determined by (2IT)x(retardation)/(A) (units in rad) with the
slow axis on the Poincare sphere.

[0141] Continuing the description with reference to FIG.
3, the polarizing state of immediately after passing the
polarizer and the polarizing state in which the analyzer most
effectively absorb coincide at the front view, whereas the
polarizing state of immediately after transmitting the polar-
izer moves to P' and the polarizing state in which the
analyzer most effectively absorb moves to E' in the oblique
viewing angle, and thus do not coincide. Therefore, in order
to eliminate the light leakage at the oblique viewing angle,
the polarizing state P' of the light after passing the polarizer
must be converted into the polarizing state E' before passing
the analyzer using the retardation film.

[0142] The means for converting the polarizing state P'
into the polarizing state E', that is, the types and number of
retardation film have various options. For example, a
method of combining the positive A plate and the positive C
plate (see e.g., J. Chen et al., “Optimum Film Compensation
Modes for TN and VA LCDs (SID Symp. Digest)” United
States, 1998, p. 315), a method using one biaxial retardation
film (see e.g., Japanese Laid-Open Patent Publication No.
11-305217).

[0143] FIGS. 4 and 5 are explanatory views representing
the effect of the retardation film on the Poincare sphere in a
system in which the two polarizing elements are arranged in
the Cross-Nicol relationship.

[0144] In the method of combining the positive A plate
and the positive C plate, the polarizing state P' is converted
into the polarizing state E' through the polarizing state P", as
shown in FIG. 4. In the method using one biaxial retardation
film, on the other hand, the polarizing state P' is converted
directly into the polarizing state E', as shown in FIG. 5. The
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arrow from the polarizing state P' to the polarizing state P"
in FIG. 4 represents the effect of the positive C plate, and the
arrow from the polarizing state P" to the polarizing state E'
in FIG. 4 represents the effect of the positive A plate. The
arrow from the polarizing state P' to the polarizing state E'
in FIG. 5 represents the effect of the biaxial retardation film.

[0145] However, in the prior art described above, the
polarizing state P' of the light other than the designed
wavelength (normally 550 nm) is not converted into the
polarizing state E', and is converted into the polarizing state
shifted from the polarizing state E' due to the wavelength
dispersion (wavelength property) of the retardation of the
positive A plate, the positive C plate, or the biaxial retarda-
tion film. As a result, light leakage of the wavelength other
than the certain designed wavelength occurs, and coloration
phenomenon occurs at the oblique viewing angle.

[0146] In order to solve such problem, the retardation of
the retardation film is suitably designed in the entire region
of the visible wavelength.

[0147] Considering the Poincare sphere shown in FIGS. 4
and 5, the change (length of arrow in the figure, more
specifically, rotation angle thereof) in the polarizing state by
the retardation of the retardation film is determined by
(2IDx(R)/(\) where R (nm) is the retardation of the retar-
dation film, and A(nm) is the wavelength of the light, and
thus, (2IDx(R)/(A) must be made constant irrespective of the
wavelength A over the entire region of the visible wave-
length to suitably design the retardation of the retardation
film at the entire region of the visible wavelength. That is,
(retardation) «<(A) Such retardation film can be realized by
using materials where greater retardation appears the longer
the wavelength, or a so-called material of reverse wave-
length dispersion and the like, for example, polymer mate-
rial etc. including cellulose acetate having a specific degree
of acetylation may be used (see e.g., Japanese Laid-Open
Patent Publication No. 2000-137116).

[0148] A case of using a combination of the positive A
plate and the positive C plate will now be considered.

[0149] FIGS. 6(a) and 6(b) are views showing the result of
calculating the change in transmissivity and chromaticity
when observed at the viewing angle tilted to an oblique
direction with respect to a system in which the conventional
single wavelength designed positive A plate and the positive
C plate are arranged between two polarizing elements
arranged in the Cross-Nicol relationship. The retardation
film of single wavelength design according to FIG. 6 is
designed at 550 nm, and the retardation thereof is assumed
to be constant irrespective of the wavelength. This is equiva-
lent to case in which a general norbornene resin is used for
the material of the retardation film.

[0150] The retardation condition of the conventional posi-
tive A plate, as reported by J. Chen et al., is most suitable
near the in plane retardation Rxy=137.5 nm defined by
Rxy=(nx-ny)xd in the single wavelength design of 550 nm
where nx, ny (nx>ny) are the principal refraction index in
the in plane direction of the retardation film, nz is the
principal refraction index in the out of plane direction, and
the d is the thickness; and the retardation condition of the
conventional positive C plate is most suitable near retarda-
tion in the thickness direction Rxz=-80 nm defined by
Rxz=(nx-nz)xd in the single wavelength design of 550 nm
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where nx, ny (nx=ny) are the principal refraction index in
the in plane direction of the retardation film, nz is the
principal refraction index in the out of plane direction, and
d is the thickness; but in the calculation of FIG. 6, calcula-
tion is performed with the positive A plate set at Rxy=139
nm, the positive C plate set at Rxz=—89 nm.

[0151] FIGS. 7(a) and 7(b) are views showing the result of
calculating the change in transmissivity and chromaticity
when observed at the viewing angle tilted to an oblique
direction with respect to a system in which the retardation
film designed for the entire region of the visible wavelength
of the present invention is arranged in place of the retarda-
tion film designed for single wavelength of the prior art in
the system of FIG. 6. In the calculation of FIG. 7, calculation
is performed by setting the retardation condition of each
wavelength so that the positive A plate is Rxy(h)/A=139/
550=constant, positive C plate is Rxz(A)/A=-89/550=con-
stant in the entire region of the visible wavelength.

[0152] As apparent from comparing FIGS. 2(a), 6(a), and
7(a), the light leakage in the oblique viewing angle can be
suppressed small by using one positive A plate and one
positive C plate, as described above. The transmissivity at
the oblique viewing angle of 60° was 1.2% when the
retardation film is not arranged, but is significantly smaller
or 0.03% when the retardation film designed for single
wavelength of the prior art is used, and is further smaller or
0.01% when the retardation film designed for the entire
region of the visible wavelength of the present invention is
used.

[0153] Assuming the chromaticity point at the oblique
viewing angle of 60° is (x60, y60), and the chromaticity
point of the front view is (x0, y0), the distance AExy
between the chromaticity point at the oblique viewing angle
of 60° and the chromaticity point of the front view is
calculated by the following equation (30).

AExy={(x60-x0)?+(y60-30)*}12 (30)

[0154] Comparing FIGS. 6(b) and 7(b) with respect to the
chromaticity distance calculated by equation (30), AExy=
0.174 when the retardation film designed for single wave-
length of the prior art is used, whereas AExy=0.001, or
extremely small, when the retardation film designed for the
entire region of the visible wavelength of the present inven-
tion is used, and the same hue as the front view was seen at
the oblique viewing angle. This indicates that when the
retardation film designed for the entire region of the visible
wavelength of the present invention is used, substantially the
same hue is seen even when observed at the oblique viewing
angle as when observed from the front, and thus coloring is
small with respect to change in viewing angle.

[0155] A case of using one biaxial retardation film will
now be described.

[0156] FIG. 8 is a view representing the result of calcu-
lating the change in transmissivity and chromaticity of when
observed with the viewing angle tilted in the oblique direc-
tion in a system in which the conventional biaxial retarda-
tion film designed for single wavelength is arranged between
two polarizing elements arranged in the Cross-Nicol rela-
tionship. The retardation film of single wavelength design
according to FIG. 8 is designed at 550 nm, and the retar-
dation is assumed as constant and not dependent on no the
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wavelength. This corresponds to a case of using the general
norbornene resin as the material of retardation film.

[0157] With regards to the retardation condition in the
single wavelength design of 550 nm of the conventional
biaxial retardation film, the calculation in FIG. 8 is per-
formed with the in plane retardation Rxy as 275 nm, which
is ¥4 of the designed wavelength 550 nm, the Nz coefficient
defined by Nz=(nx-nz)/(nx-ny) as 0.5, that is, the retarda-
tion Rxz in the thickness direction as 137.5 nm, which is %
of the designed wavelength 550 nm, as disclosed in Japanese
Laid-Open Patent Publication No. 11-305217 and the like
where nx, ny (nx>ny) are the principal refraction index in
the in plane direction of the retardation film, nz is the
principal refraction index of out of plane direction, and d is
the thickness.

[0158] FIG. 9 is a view showing the result of calculating
the change in transmissivity and chromaticity of when
observed with the viewing angle tilted in the oblique direc-
tion in a system in which the retardation film designed for
the entire region of the visible wavelength of the present
invention is arranged in place of the conventional retardation
film designed for single wavelength in the system of FIG. 8.
In the calculation of FIG. 9, calculation is performed with
the retardation Rxy(A) and Rxz(A) in each wavelength set so
that Rxy(A)/A=4 constant, Rxz(\)/A=Y4=constant in the
entire region of the visible wavelength.

[0159] As apparent from the comparison of FIGS. 2(a),
8(a), and 9(a), the light leakage at the oblique viewing angle
is suppressed small by using one biaxiliaty retardation film
as described above. The light leakage was 1.2% when the
retardation film was not arranged, whereas it was signifi-
cantly smaller or 0.03% when the conventional retardation
film designed for single wavelength was used, and was
further smaller or 0.01% when the retardation film designed
for the entire region of the visible wavelength of the present
invention was used.

[0160] If FIGS. 8(b) and 9(b) are compared with regards
to the chromaticity distance AExy, AExy was 0.152 when the
conventional retardation film designed for single wave-
length was used. However, when the retardation film
designed for the entire region of the visible wavelength of
the present invention was used AExy was 0.004, which was
very small, and the same hue as the front view at the oblique
viewing angle was shown. This indicates that in use of the
retardation film designed for the entire region of the visible
wavelength of the present invention substantially the same
hue is seen as in observation from the front view, even in
observation at the oblique viewing angle, and thus the
coloring with respect to change in viewing angle is small.

[0161] The suitable retardation condition of each retarda-
tion film is as described above, where the transmissivity at
the oblique viewing angle of 60° becomes less than or equal
to 0.12%, and thus is suppressed to less than or equal to Yio
0f'1.2% of when the phase film is not arranged if Rxy(550)=
118 to 160 nm for the positive A plate and Rxz(550)=-107
to =71 nm for the positive C plate when the positive A plate
and the positive C plate are used in combination, or if
Rxy(550)=220 to 330 nm, Rxy(550)=110 to 165 nm when
one biaxiliaty retardation film is used, whereby the effects of
the present invention are sufficiently achieved.
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<Regarding Cancellation of Retardation of Liquid Crystal
Cell>

[0162] The viewing angle property of the most basic
system not including the liquid crystal cells, that is, the
system in which two polarizing elements are arranged in
Cross-Nicol relationship has been described up to now, but
case of including liquid crystal cells between two polarizing
elements will now be considered. With regards to the display
mode of performing display of black with the liquid crystal
molecules substantially parallel to the transmissive axis of
one of the polarizing elements, that is, the display mode for
performing display of black with the liquid crystal mol-
ecules substantially parallel to the transmissive axis of one
of the polarizing elements as in the IPS mode, the liquid
crystal cells have an apparent retardation when observed
from the oblique viewing angle but since the apparent slow
axis (or fast axis) is constantly parallel to the transmissive
axis of one of the polarizing elements, the retardation is not
applied to the incident linear polarized light, and thus is not
different from the most basic system that does not include
liquid crystal cells when considering the retardation of the
liquid crystal cell. Therefore, a case of including liquid
crystal cells for performing the display of black with most of
the liquid crystal molecules aligned substantially perpen-
dicular to the substrate and the in plane retardation being
substantially zero, as in the VA mode, will now be consid-
ered. In such case, the liquid crystal cells have apparent
retardation at the oblique viewing angle, and the apparent
slow axis (or fast axis) is not parallel to the transmissive axis
of the polarizing element, and thus the apparent retardation
becomes the cause of light leakage at the oblique viewing
angle. The present invention is also applicable to other liquid
crystal modes other than the VA mode, but the VA mode will
be explained by way of a preferred example. A method of
canceling the retardation of the liquid crystal cell using a
uniaxial retardation film will be explained below, but film
exhibiting birefringence to be hereinafter descried etc. is not
necessary for the display mode for performing display of
black with the liquid crystal molecules substantially parallel
to the transmissive axis of one of the polarizing elements as
in the IPS mode.

[0163] When observed the liquid crystal cells in which
most of the liquid crystal molecules are aligned substantially
perpendicular to the substrate from the front view as in the
VA mode, the retardation of the liquid crystal cell is sub-
stantially zero and the display of black is obtained with the
Cross-Nicol polarizing element, but when observed from the
oblique viewing angle, the liquid crystal cells have apparent
retardation, and thus light leakage occurs. Considering a
simple case, the retardation of the vertical alignment crystal
cell of when the extraordinary ray refraction index ne=1.6,
ordinary ray refraction light no=1.5, and thickness d=3 pum
is zero in the front view, but is calculated as about +110 nm
in the oblique viewing angle of 60°. The sign of the apparent
retardation of the liquid crystal cell of when observed from
the oblique viewing angle is defined with positive and
negative of (p wave refraction index)-(s wave refraction
index). Therefore, the negative C plate having an out of
plane optical axis and which positive and negative of the
birefringence (ne-no) is opposite with the liquid crystal cell
needs to be stacked on the liquid crystal cell to cancel the
apparent retardation of the liquid crystal cell produced at the
oblique viewing angle. For example, a method (see e.g.,
Japanese Patent No. 3330574) is known of canceling the
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apparent retardation of the liquid crystal cell by using the
negative C plate having the retardation in the thickness
direction which positive and negative of the birefringence
(ne-no) is opposite and the absolute value is substantially
the same as the retardation Rlc in the thickness direction of
the liquid crystal cell defined by Rlc=(ne-no)xd, where ne
is the extraordinary ray refraction index of the liquid crystal
cell, no is the ordinary ray refraction light, and d is the
thickness.

[0164] In order to cancel the apparent retardation in the
oblique viewing angle of the vertical alignment liquid crys-
tal cell of ne=1.6, no=1.5, d=3 pum, and Rlc=300 nm, the
negative C plate of nz=ne=1.5, nx=ny=no=1.6, d=3 pum, and
Rxz=300 nm is used. The apparent retardation of when
observed at the oblique viewing angle of 40°, for example,
the above negative C plate is calculated to be —=59 nm, and
is substantially the same in absolute value with the +55 nm
for the liquid crystal cell. At the oblique viewing angle of
60°, the apparent retardation of the negative C plate and the
liquid crystal cell is calculated as +110 nm, -117 nm,
respectively, and is calculated as +15 nm, —15 nm, respec-
tively, at the oblique viewing angle of 20°, and thus the
apparent retardation of the liquid crystal cell is canceled by
the apparent retardation of the negative C plate at all oblique
viewing angles.

[0165] Furthermore, in order to cancel the apparent retar-
dation of the liquid crystal cell more accurately, the absolute
value of Rxz of the negative C plate is preferably set slightly
smaller than Rlc. For example, when observed the negative
C plate of ne=1.6, no=1.5, d=2.82 pm, Rxz=282 nm at the
oblique viewing angle of 40°, the retardation is calculated as
about -55 nm. When stacking such negative C plate and the
above described liquid crystal cell and observing the same at
the oblique viewing angle of 40°, the retardation is canceled
and becomes substantially zero as a stacked body since the
retardation of the liquid crystal cell is +55 nm, and that of
the negative C plate is —55 nm. Therefore, by setting the
refraction indexes ne, no and the thickness d of the negative
C plate so that the absolute value of the retardation becomes
the same at the oblique viewing angle 40°, the positive and
negative of the apparent retardation of the liquid crystal cell
and the apparent retardation of the negative C plate are
constantly opposite to each other and the absolute values
thereof are substantially the same at the oblique viewing
angle other than 40°, and thus the apparent retardation of the
liquid crystal cell can be canceled at all oblique viewing
angles. For example, the apparent retardation of the negative
C plate and the liquid crystal cell become +110 m, and -110
nm, respectively, at the oblique viewing angle of 60°, and
become +15 m, and -15 nm, respectively at the oblique
viewing angle of 20°.

[0166] With regards to the negative C plate of nz=ne 1.5,
nx=ny=no=1.6, d=2.65 um, Rxz=265 nm, the apparent retar-
dation thereof is calculated as =51 nm at the oblique viewing
angle of 40°, as =103 nm at the oblique viewing angle of
60°, and —14 nm at the oblique viewing angle of 20°, and the
apparent retardation of the liquid crystal cell is canceled at
all oblique viewing angles to the same extent as the negative
C plate of Rxz=300 nm. However, if the Rxz of the negative
C plate is greater than 300 nm and smaller than 265 nm, the
difference between the apparent retardation at the oblique
viewing angle of liquid crystal cell and the apparent retar-
dation at the oblique viewing angle of the negative C plate
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becomes large, and thus the apparent retardation at the
oblique viewing angle of the liquid crystal cell may not be
sufficiently canceled. That is, in order for the apparent
retardation of the liquid crystal cell at all oblique viewing
angles to be canceled by the apparent retardation of the
negative C plate, 0 nm=RIc-Rxz=35 nm is preferable.

[0167] As described above, with the apparent retardation
of the liquid crystal cell canceled at all the oblique viewing
angles, it becomes equivalent to the most basic system that
does not include the liquid crystal cells, that is, the system
in which the two polarizing elements are simply arranged in
Cross-Nicol relationship, and the light leakage of the
oblique viewing angle can be suppressed by realizing main-
tenance of the orthogonality of the polarizing element
described above using the retardation film.

[0168] FIGS. 10 to 13 show the calculation result of the
transmissivity at the oblique viewing angle for the system
(FIG. 10) in which the two polarizing elements are arranged
in Cross-Nicol, the system (FIG. 11) in which the liquid
crystal cells are arranged between the polarizing elements,
the system (FIG. 12) in which the negative C plate is
arranged so as to be adjacent to liquid crystal cells, and the
system (FIG. 13) in which the biaxial retardation film where
Rxz is constant at %5 the wavelength A of the light and the
Nz coefficient is 0.5 as described above in <regarding
maintenance of orthogonality of polarizing element> is
arranged so as to be adjacent with the polarizing element to
one of the liquid crystal cell side of the polarizing element.
The calculation result of the transmissivity shown in FIGS.
10 to 13 is for the monochromatic light of wavelength 550
nm, and is not the Y value obtained by performing visibility
correction at the 380 to 780 nm, which is the entire region
of the visible wavelength.

[0169] As apparent from the fact that the calculation result
for the system not including the liquid crystal cell shown in
FIG. 10 and the calculation result for the system including
the liquid crystal cell and the negative C plate shown in FIG.
12, the apparent retardation of when the liquid crystal cell is
observed from the oblique viewing angle can be canceled
substantially completely by arranging the negative C plate
which positive and negative of birefringence (ne-no) is
opposite from the liquid crystal cell and the absolute value
of the Rxz is substantially the same as the retardation Rlc in
the thickness direction of the liquid crystal cell. Further-
more, as apparent from FIG. 13, the light leakage can be
suppressed at all oblique viewing angles by arranging the
biaxial retardation film for the purpose of maintaining the
orthogonality of the polarizing element.

[0170] However, in the above described prior art, since the
negative C plate has the retardation condition is suitably
designed only at the single wavelength (normally, near 550
nm), and thus the wavelength dispersion (wavelength prop-
erty) of the retardation of the negative C plate and the
wavelength dispersion (wavelength property) of the retar-
dation of the liquid crystal cell differ, whereby the apparent
retardation of the liquid crystal cell cannot be completely
canceled at wavelengths other than the designed wave-
length. As a result, the apparent retardation of the liquid
crystal cell remains at the wavelengths other than the
designed wavelengths at the oblique viewing angle even if
the maintenance of orthogonality of the polarizing element
is realized, or the retardation of the retardation film remains
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after the retardation of the liquid crystal cell is completely
canceled if the absolute value of the retardation of the
retardation film is greater, whereby the polarizing state after
passing through the liquid crystal cell and immediately
before passing through the analyzer does not become the
linear polarized light, light leakage occurs at the relevant
wavelength, and coloration phenomenon occurs.

[0171] In order to solve the problem of the prior art, the
wavelength property of the negative C plate is optimized in
the present invention. Generally, the liquid crystal cells, that
is, the liquid crystal molecules producing the birefringence
has smaller birefringence (ne-no) (i.e., show forward wave-
length dispersion property) the longer the wavelength. For
example, if the birefringence (ne-no) of the liquid crystal
molecules at the wavelength Anm is expressed at An()), the
range of An(450)/An(550)=1.20 to 1.01, An(650)/An(550)=
0.99 to 0.80 is generally realized when the liquid crystal
material used in the liquid crystal display. Therefore, the
absolute value of the apparent retardation when the liquid
crystal cell is observed from the oblique viewing angle is
smaller the longer the wavelength, and if the absolute value
of the apparent retardation of the liquid crystal cell of when
observed from the oblique viewing angle of 40° at the
wavelength A nm is expressed as Rlc40(A), the relationship
of Rlc40(450)>Rl1c40(550)>Rl1c40(650) is satisfied.

[0172] Interms of suppressing the coloration phenomenon
at the oblique viewing angle, the absolute value of the
retardation of when observed from the oblique viewing
angle the negative C plate arranged to cancel the apparent
retardation of when the liquid crystal cell is observed from
the oblique viewing angle is preferably smaller the longer
the wavelength. For example, when the absolute value of the
retardation of the negative C plate of when observed from
the oblique viewing angle of 40° at the wavelength Anm is
expressed R40(0), the relationship of
R40(450)=R40(550)=R40(650) is preferably satisfied.
More preferably, R40(450) and Rlc40(450) are substantially
equal, and R40(650) and Rlc40(650) are substantially equal,
in which case, the apparent retardation of when the liquid
crystal cell is observed from the oblique viewing angle is
canceled. Furthermore, as described above, the absolute
value of Rxz of the negative C plate is preferably set slightly
smaller than Rlc, and thus the conditions can be represented
as Rxz(450)ZRxz(550)=Rxz(650), 0 nm=Rlc(450)-
Rxz(450)=35 nm, and 0 nm=Rlc(650)-Rxz(650)=35 nm
when Rlc at wavelength A is Rlc(A) and Rxz of the negative
C plate at wavelength A is Rxz()).

[0173] FIGS. 14 to 18 show the result of calculating the
change in transmissivity and chromaticity for a system (FIG.
14) in which two polarizing elements are arranged in Cross-
Nicol, a system (FIG. 15) in which the liquid crystal cell is
arranged between the polarizing elements, a system (FIG.
16) in which the conventional negative C plate designed for
single wavelength is arranged so as to be adjacent to the
liquid crystal cells, a system (FIG. 17) in which the negative
C plate designed for the entire region of the visible wave-
length of the present invention is arranged in place of the
conventional negative C plate designed for single wave-
length, and a system (FIG. 18) in which the biaxial retar-
dation film of the present invention designed with Rxy
constant at %5 the wavelength A of the light and Nz coeffi-
cient as 0.5 for the entire region of the visible wavelength as
described in <Regarding maintenance of orthogonality of

Oct. 18, 2007

polarizing element> is arranged so as to be adjacent to the
polarizing element on one of the liquid crystal cell side of
the polarizing element.

[0174] The retardation film designed for the single wave-
length according to FIG. 16 is designed at 550 nm and the
retardation thereof is assumed to be constant irrespective of
the wavelength. This is equivalent to a case in which the
general norbornene resin is used for the material of the
retardation film. The liquid crystal material configuring the
liquid crystal cell may be that where An(450)/An(550)=1.10,
An(650)/An(550)=0.90.

[0175] As apparent from the comparison of FIGS. 14(a),
16(a), and 17(a), the retardation at the oblique viewing angle
of the liquid crystal cell is canceled when the conventional
negative C plate designed for the single wavelength is used,
similar to when the negative C plate designed for the entire
region of the visible wavelength of the present invention is
used. However, since the chromaticity point (X, y) at the
oblique viewing angle of 60° for FIGS. 14(4), 16(b) and
17(b) is (0.317,0.315), (0.316, 0.311), and (0.317, 0.315), it
is apparent that the retardation at the oblique viewing angle
of the liquid crystal cell is more completely canceled with
the negative C plate designed for the entire region of the
visible wavelength of the present invention. Furthermore,
the light leakage at the oblique viewing angle can be
sufficiently suppressed and coloration is also suppressed to
be very small as in AExy=0.005 when the biaxial retardation
film suitably designed for the entire region of the visible
wavelength of the present invention is used to maintain
orthogonality of the polarizing elements arranged in Cross-
Nicol.

[0176] As described above, in the IPS mode, the mainte-
nance of orthogonality of the polarizing elements arranged
in Cross-Nicol is realized by using the combination of the
positive A plate and the positive C plate in which retarda-
tions are suitably designed at the entire region of the visible
wavelength or the biaxial retardation film in which retarda-
tions are suitably designed at the entire region of the visible
wavelength, so that high display quality with small amount
of light leakage and coloration is obtained even at the
oblique viewing angle. Furthermore, in the VA mode, in
addition to realizing the maintenance of orthogonality of the
polarizing elements arranged in Cross-Nicol, high display
quality with small amount of light leakage and coloration
even at the oblique viewing angle can be obtained by
canceling the retardation of the liquid crystal cell through
the use of the negative C plate which retardation is suitably
designed, more preferably through the use of the negative C
plate which retardation is suitably designed at the entire
region of the visible wavelength.

[0177] However, the stacking order etc. of the retardation
film has a number of rules to be met in order to sufficiently
obtain the effects of the present invention with the above
described configuration.

[0178] First, a film exhibiting birefringence that is not
necessary for the above described configuration should not
exist in excess. Exhibiting (not exhibiting) birefringence
normally refers to the refraction index having (not having)
anisotropy in the field of crystal optics, but a definite criteria
in having (not having) anisotropy is not known. Even if the
anisotropy of the refraction index is very small, the retar-
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dation film exhibits anisotropy of optical distance, that is,
retardation if the thickness of the relevant retardation film is
very large.

[0179] In the present invention, exhibiting (not exhibiting)
birefringence is to differentiate from having (not having)
retardation essentially as the retardation film, and thus
“exhibit birefringence” refers to a case of when one of the
absolute values of each retardation defined by Rxy=(nx-
ny)xd, Rxz=(nx-nz)xd, and Ryz=(ny-nz)xd is greater than
10 nm where nx and ny are the principal refraction indexes
in the in plane direction of the retardation film, nz is the
principal refraction index in the out of plane direction and d
is the thickness; and “not exhibit birefringence” refers to the
other cases.

[0180] The TAC film normally used for the supporting
layer (protective film) etc. of the polarizing element has
about Rxy=5 nm, about Rxz=50 nm (>10 nm), and thus is a
film exhibiting birefringence. Therefore, the effects of the
present invention may not be sufficiently obtained in a
configuration in which the positive A plate and the positive
C plate are stacked on the polarizing film including the TAC
film as the supporting layer (protective film) of the polar-
izing element, that is, in a configuration of (polarizing
element)/(TAC film)/(positive A plate)/(positive C plate).
Preferably, the positive A plate and the positive C plate are
stacked without the TAC film therebetween, or a film that
does not exhibit birefringence is used as the supporting layer
(protective film) of the polarizing element in place of the
TAC film.

[0181] Next, the negative C plate arranged to cancel the
apparent retardation of the liquid crystal cell at the oblique
viewing angle must be adjacent to the liquid crystal cell
without other retardation films that exhibit birefringence. It
should be noted that the film that does not exhibit birefrin-
gence may be arranged. In other words, the effects of the
present invention can be sufficiently obtained with the
configuration of (negative C plate)/(liquid crystal cell), or
(negative C plate)/(film not exhibiting birefringence)/(liquid
crystal cell). However, the effects of the present invention
may not be sufficiently obtained with the configuration of
(negative C plate)/(film that exhibits birefringence)/(liquid
crystal cell). The negative C plate is not necessary in the IPS
mode, as previously described. The direction of the stacking
order is also not distinguished. In other words, the configu-
ration of (polarizing element)/(biaxial retardation film)/(lig-
uid crystal cell)/(polarizing element) and the configuration
of (polarizing element)/(liquid crystal cell)/(biaxial retarda-
tion film)/(polarizing element) are substantially the same.
Furthermore, in the above described configuration, the
biaxial retardation film and each uniaxial retardation film
may be configured as a stacked body of two or more
retardation films which Nz is substantially equal to each
other. For example, the biaxial retardation film of nx=1.55,
ny=1.45, nz=1.5, d=10 um may be configured as a stacked
body of two biaxial retardation films each of nx=1.55,
ny=1.45, nz=1.5, d=5 um. Alternatively, it may be config-
ured as a stacked body of the biaxial retardation film of
nx=1.55, ny=1.45, nz=1.5, d=3 pm and the biaxial retarda-
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tion film of nx=1.55, ny=1.45, nz=1.5, d=7 um. With respect
to the positive C plate and the negative C plate, they may be
configured as a stacked body of two or more retardation
elements which Nz differ from each other. In this case, the
sum of Rxz of each retardation element is assumed to be Rxz
of the negative C plate.

[0182] The present invention will now be described in
more detail with reference to the following Embodiments,
but it should be noted that the present invention is not
limited to the following Embodiments.

1. Simulation

[0183] In Embodiments 1 to 13 and the comparative
examples 1 to 4 described below, the liquid crystal display
model used for simulation was designed. “LCD master
(manufactured by SHINTEC, Inc.)”, which is a commer-
cially available liquid crystal simulator, is used for the
simulation. The optical calculation algorithm used is 2x2
Johns matrix method.

<Designing Liquid Crystal Display Model>

EMBODIMENT 1

[0184] FIG. 19-1 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 1.

[0185] As shown in FIG. 19-1, the liquid crystal display of
Embodiment 1 according to the present invention is a VA
mode liquid crystal display realized by arranging a polariz-
ing film 100a obtained by stacking in order the positive C
plate 20 designed for the entire region of the visible wave-
length of the present invention, the polarizing element 50a,
and the TAC film 60a on one outer side of the VA mode
liquid crystal cell 5, where the liquid crystal 2 having
negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 15 performed
with vertical alignment process on the surface so that the
side of the positive C plate 20 is positioned on the liquid
crystal cell 5 side; arranging the negative C plate 30
designed for the entire region of the visible wavelength of
the present invention on the other outer side of the VA mode
liquid crystal cell 5; and arranging further on the outer side
a polarizing film 1005 obtained by stacking in order the
positive A plate 10 designed for the entire region of the
visible wavelength of the present invention, the polarizing
element 505, and the TAC film 605 so that the side of the
positive A plate 10 is positioned on the negative C plate 30
side.

[0186] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10, the
positive C plate 20, the negative C plate 30, the polarizing
elements 50qa, 505, and the TAC films 60a, 605 configuring
the liquid crystal display of the present Embodiment is
shown in table 1 below, and the respective axis setting is as
shown in FIG. 19. The optical properties of the polarizing
elements 50a, 5056 and the TAC films 60a, 605 are common
in each embodiment and example below.
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TABLE 1

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 um) no = 1.474 no = 1.464 no = 1.459 MODE
POSITIVE A PLATE nx = 1.50214 nx =1.50139 nx = 150064 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny = 1.49900 DESIGN

nz = 1.50100  nz = 1.50000 nz = 1.49900
POSITIVE C PLATE nx = 1.50100  nx =1.50000 nx =149900 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny =1.49900 DESIGN

nz = 1.50173  nz = 1.50089  nz = 1.50005
NEGATIVE C PLATE nx = 1.50100  nx =1.50000 nx =149900 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny =1.49900 DESIGN

nz = 149805 nz=149712 nz= 149620
POLARIZING ELEMENT ne=no=15 ne=no=15 mne=no=15 eAXIS=ABSORPTION
(20 pm) ke =148E-2 ke=195E-2 ke=214E-2 AXIS

ko =4.25E-4 ko =3.53E-4 ko =3.79E-4
TAC FILM nx = 1.48850 nx =1.48750 nx = 1.48700
(80 pm) ny = 1.48850 ny = 1.48750  ny = 1.48700

nz = 1.48785 nz = 1.48675 nz = 1.48620

[0187] In table 1, ke and ko respectively represent the
imaginary part (extinction coeflicient) of the refraction index
with respect to the extraordinary ray and the ordinary ray.

EMBODIMENT 2

[0188] FIG. 20 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 2.

[0189] As shown in FIG. 20, the liquid crystal display of
Embodiment 2 according to the present invention is a VA
mode liquid crystal display realized by arranging the nega-
tive C plate 30 designed for the entire region of the visible
wavelength of the present invention on one outer side of the
VA mode liquid crystal cell 5, where the liquid crystal 2
having negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 15 performed
with vertical alignment process on the surface; arranging on
the outer side thereof a polarizing film 100a obtained by
stacking the polarizing element 50a and the TAC film 60a so
that the side of the polarizing element 50q is positioned on
the negative C plate 30 side; and arranging a polarizing film
1005 obtained by stacking in order the positive C plate 20
designed for the entire region of the visible wavelength of
the present invention, the positive A plate 10 designed for
the entire region of the visible wavelength of the present
invention, the polarizing element 505, and the TAC film 605
on the other outer side of the VA mode liquid crystal cell 5
so that the side of the positive C plate 20 is positioned on the
liquid crystal cell 5 side.

[0190] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10, the
positive C plate 20, and the negative C plate 30 configuring
the liquid crystal display of the present Embodiment is
shown in table 1 above, and the respective axis setting is as
shown in FIG. 20.

EMBODIMENT 3

[0191] FIG. 21 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 3.

[0192] As shown in FIG. 21, the liquid crystal display of
Embodiment 3 according to the present invention is a VA
mode liquid crystal display realized by arranging the nega-
tive C plate 30 designed for the entire region of the visible
wavelength of the present invention on one outer side of the
VA mode liquid crystal cell 5, where the liquid crystal 2
having negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 15 performed
with vertical alignment process on the surface; arranging on
the outer side thereof a polarizing film 100a obtained by
stacking the polarizing element 50a and the TAC film 60a so
that the side of the polarizing element 50a is positioned on
the negative C plate 30 side; and arranging a polarizing film
1005 obtained by stacking in order the positive A plate 10
designed for the entire region of the visible wavelength of
the present invention, the positive C plate 20 designed for
the entire region of the visible wavelength of the present
invention, the polarizing element 505, and the TAC film 605
on the other side of the VA mode liquid crystal cell 5 so that
the side of the positive A plate 10 is positioned on the liquid
crystal cell 5 side.

[0193] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10, the
positive C plate 20, and the negative C plate 30 configuring
the liquid crystal display of the present Embodiment is
shown in table 1 above, and the respective axis setting is as
shown in FIG. 21.

EMBODIMENT 4

[0194] FIG. 22 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 4.

[0195] As shown in FIG. 22, the liquid crystal display of
Embodiment 4 according to the present invention is a VA
mode liquid crystal display realized by arranging a polariz-
ing film 100a obtained by stacking in order a film not
exhibiting birefringence (isotropic film) 70, the polarizing
element 50a, and the TAC film 60a on one outer side of the
VA mode liquid crystal cell 5, where the liquid crystal 2
having negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 15 performed
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with vertical alignment process on the surface so that the
side of the isotropic film 70 is positioned on the liquid
crystal cell 5 side; arranging the negative C plate 30
designed for the entire region of the visible wavelength of
the present invention on the other side of the liquid crystal
cell 5; and arranging further on the outer side a polarizing
film 1005 obtained by stacking in order the positive C plate
20 designed for the entire region of the visible wavelength
of the present invention, the positive A plate 10 designed for
the entire region of the visible wavelength of the present
invention, the polarizing element 505, and the TAC film 605
so that the side of the positive C plate 20 is positioned on the
negative C plate 30 side.

[0196] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10, the
positive C plate 20, and the negative C plate 30 configuring
the liquid crystal display of the present Embodiment is
shown in table 1 above, the optical property of the isotropic
film 70 is shown in table 2 below, and the respective axis
setting is as shown in FIG. 22.

TABLE 2
PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm
ISOTROPIC FILM nx = 1.51000 nx = 1.51000  nx = 1.51000
(80 pm) ny = 151000 ny = 1.51000 ny = 1.51000
nz=1.51000 nz=151000 nz =1.51000

EMBODIMENT 5

[0197] FIG. 23 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 5.

[0198] As shown in FIG. 23, the liquid crystal display of
Embodiment 5 according to the present invention is a VA
mode liquid crystal display realized by arranging a polariz-
ing film 100a obtained by stacking in order an isotropic film
70, the polarizing element 50a, and the TAC film 60a on one
outer side of the VA mode liquid crystal cell 5, where the
liquid crystal 2 having negative dielectric constant anisot-
ropy is sandwiched between two upper and lower substrates
la, 16 performed with vertical alignment process on the
surface so that the side of the isotropic film 70 is positioned
on the liquid crystal cell 5 side; arranging the negative C
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plate 30 designed for the entire region of the visible wave-
length of the present invention on the other side of the liquid
crystal cell 5; and arranging further on the outer side a
polarizing film 10056 obtained by stacking in order a positive
A plate 10 designed for the entire region of the visible
wavelength of the present invention and a positive C plate 20
designed for the entire region of the visible wavelength of
the present invention, the polarizing element 505, and the
TAC film 605 so that the side of the positive A plate 10 is
positioned on the negative C plate 30 side.

[0199] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10, the
positive C plate 20, and the negative C plate 30 configuring
the liquid crystal display of the present Embodiment is
shown in table 1 above, the optical property of the isotropic
film 70 is shown in table 2 above, and the respective axis
setting is as shown in FIG. 23.

EMBODIMENT 6

[0200] FIG. 24-1 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 6.

[0201] As shown in FIG. 24-1, the liquid crystal display of
Embodiment 6 according to the present invention is a VA
mode liquid crystal display realized by arranging the nega-
tive C plate 30 designed for the entire region of the visible
wavelength of the present invention on one outer side of the
VA mode liquid crystal cell 5, where the liquid crystal 2
having negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 15 performed
with vertical alignment process on the surface; arranging on
the outer side thereof a polarizing film 10a obtained by
stacking the polarizing element 50a and the TAC film 60a so
that the side of the polarizing element 50a is positioned on
the negative C plate 30 side; and arranging a polarizing film
1005 obtained by stacking in order the biaxial retardation
film 40 designed for the entire region of the visible wave-
length of the present invention, the polarizing element 505,
and the TAC film 605 on the other side of the VA mode
liquid crystal cell 5 so that the side of the biaxial retardation
film 40 is positioned on the liquid crystal cell 5 side.

[0202] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the negative C plate 30 and the
biaxial retardation film 40 configuring the liquid crystal
display of the present Embodiment is shown in table 3
below, and the respective axis setting is as shown in FIG.
24-1.

TABLE 3

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 um) no = 1.474 no = 1.464 no = 1.459 MODE
BIAXIAL RETARDATION  nx = 1.50100 nx = 1.50000 nx = 1.49900 TOTAL WAVELENGTH
FILM ny = 149875 ny=149725 ny=149575 DESIGN
(100 pm) nz=149988 nz=149863 nz=1.49738
NEGATIVE C PLATE mx = 150100 nx =1.50000 nx=149900 TOTAL WAVELENGTH
(100 pm) ny = 150100 ny = 1.50000 ny = 1.49900 DESIGN

nz =149805 nz=149712 nz = 1.49620
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EMBODIMENT 7

[0203] FIG. 25 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 7.

[0204] As shown in FIG. 25, the liquid crystal display of
Embodiment 7 according to the present invention is a VA
mode liquid crystal display realized by arranging a polariz-
ing film 100a obtained by stacking in order the isotropic film
70, the polarizing element 50a, and the TAC film 60a on one
outer side of the VA mode liquid crystal cell 5, where the
liquid crystal 2 having negative dielectric constant anisot-
ropy is sandwiched between two upper and lower substrates
la, 16 performed with vertical alignment process on the
surface so that the side of the isotropic film 70 is positioned
on the liquid crystal cell 5 side; arranging the negative C
plate 30 designed for the entire region of the visible wave-

Oct. 18, 2007

plate 30 designed for the entire region of the visible wave-
length of the present invention on the other side of the liquid
crystal cell 5; and arranging further on the outer side a
polarizing film 1005 obtained by stacking in order the
positive A plate 10 designed for the entire region of the
visible wavelength of the present invention, the polarizing
element 505, and the TAC film 605 so that the side of the
positive A plate 10 is positioned on the negative C plate 30
side.

[0208] The optical property of the isotropic film 70 of the
present Embodiment is shown in table 2 above, each optical
property of the liquid crystal 2 (VA mode liquid crystal cell
5), the positive A plate 10, and the positive C plate 30
configuring the liquid crystal display is shown in table 4
below, and the respective axis setting is as shown in FIG. 26.

TABLE 4

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL  ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 um) no = 1.474 no = 1.464 no = 1.459 MODE
POSITIVE A PLATE nx = 1.50214 nx = 1.50139  nx = 1.50064 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny = 1.49900  DESIGN

nz = 1.50100  nz = 1.50000  nz = 1.49900
NEGATIVE C PLATE nx = 1.50100 nx =1.50000 nx =1.49900 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000  ny = 1.49900  DESIGN

nz = 1.49876  nz=1.49799 nz=1.49723

length of the present invention on the other side of the liquid
crystal cell 5; and arranging further on the outer side a
polarizing film 1005 obtained by stacking in order the
biaxial retardation film 40 designed for the entire region of
the visible wavelength of the present invention, the polar-
izing element 505, and the TAC film 605 so that the side of
the biaxial retardation film 40 is positioned on the negative
C plate 30 side.

[0205] The optical property of the isotropic film 70 of the
present Embodiment is shown in table 2 above, each optical
property of the liquid crystal 2 (VA mode liquid crystal cell
5), the negative C plate 30 and the biaxial retardation film 40
configuring the liquid crystal display of the present Embodi-
ment is shown in table 3 above, and the respective axis
setting is as shown in FIG. 25.

EMBODIMENT 8

[0206] FIG. 26 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 8.

[0207] As shown in FIG. 26, the liquid crystal display of
Embodiment 8 according to the present invention is a VA
mode liquid crystal display realized by arranging a polariz-
ing film 100a obtained by stacking in order the isotropic film
70, the polarizing element 50a, and the TAC film 60a on one
outer side of the VA mode liquid crystal cell 5, where the
liquid crystal 2 having negative dielectric constant anisot-
ropy is sandwiched between two upper and lower substrates
la, 1b performed with vertical alignment process on the
surface so that the side of the isotropic film 70 is positioned
on the liquid crystal cell 5 side; arranging the negative C

[0209] The relationship between the retardation of the
negative C plate of the present Embodiment when seen from
the oblique viewing angle of 40° and the retardation of the
positive C plate and the negative C plate of Embodiment 4
when seen from the oblique viewing angle of 40° was as
shown in table 5 below.

[0210] In other words, the negative C plate of the present
Embodiment had the retardation property substantially the
same as the stacked body of the positive C plate and the
negative C plate of Embodiment 4.

TABLE 5

RETARDATION (nm) SEEN FROM
OBLIQUE VIEWING
ANGLE OF 40°

PRODUCT NAME 450 nm 550 nm 650 nm
POSITIVE C PLATE OF -14.8 -18.1 -21.3
EMBODIMENT 4

NEGATIVE C PLATE OF 60.1 58.7 57.2
EMBODIMENT 4

POSITIVE C PLATE OF 453 40.6 35.9
EMBODIMENT 4 + NEGATIVE

C PLATE OF

EMBODIMENT 4

NEGATIVE C PLATE OF 45.6 40.9 36.1

EMBODIMENT 8

EMBODIMENT 9

[0211] FIG. 27 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 9.
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[0212] As shown in FIG. 27, the liquid crystal display of order the positive A plate 10 designed for the entire region
Embodiment 9 according to the present invention is a VA of the visible Wavelength of the present invention, the
mode liquid crystal display realized by arranging the nega- pe]arizing element 50{% apd the TAC film 605 on the.other
tive C plate 30 designed for the entire region of the visible side of the VA mode liquid crystal cell 5 so that the side of
wavelength of the present invention on one outer side of the the.posmve A plate 10 is positioned on the liquid crystal cell
VA mode liquid crystal cell S, where the liquid crystal 2 5 side.

having negative dielectric constant anisotropy is sandwiched [0216] Each optical property of the liquid crystal 2 (VA
between two upper and lower substrates 1a, 1b performed mode liquid crystal cell 5), the positive A plate 10, the first
with vertical alignment process on the surface; arranging on negative C plate 30A, and the second negative C plate 30B
the outer side thereof a polarizing film 100a obtained by conﬁguring the hqu]d crysta] disp]ay of the present Embodi-
stacking in order the polarizing element 50a and the TAC ment is shown in table 6 below, and the respective axis
film 60a so that the side of the polarizing element 50a is setting is as shown in FIG. 28.

1.50100  nz=1.50000  nz = 1.49900
1.50100  nx =1.50000 nx =1.49900 TOTAL WAVELENGTH

nz
FIRST NEGATIVE C nx

TABLE 6
PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 pm) no = 1.474 no = 1.464 no = 1.459 MODE
POSITIVE A PLATE nx = 1.50214 nx = 1.50139 nx =1.50064 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny =1.49900 DESIGN

PLATE ny = 1.50100  ny = 1.50000 ny = 1.49900  DESIGN

(100 pm) nz = 1.50050 nz=149950 nz= 149850

SECOND NEGATIVE C nx = 1.61000 nx = 1.59000 nx = 1.57500 TOTAL WAVELENGTH
PLATE ny = 1.61000  ny = 1.59000  ny = 1.57500  DESIGN

(2 pm) nz = 1.51750  nz=1.51000 nz = 1.52200

positioned on the negative C plate 30 side; and arranging a [0217] The relationship between the retardation of the first
polarizing film 1005 obtained by stacking in order the negative C plate and the second negative C plate of the
positive A plate 10 designed for the entire region of the present Embodiment when seen from the oblique viewing
visible wavelength of the present invention, the polarizing angle of 40° and the retardation of the negative C plate of
element 505, and the TAC film 604 on the other side of the Embodiment 9 when seen from the oblique viewing angle of
VA mode liquid crystal cell 5 so that the side of the positive 40° was as shown in table 7 below. In other words, the
A plate 10 is positioned on the liquid crystal cell 5 side. stacked body of the first negative C plate and the second

[0213] Fach optical property of the liquid crystal 2 (VA negative C plate of the present Embodiment had the retar-
. . dation property substantially the same as the negative C

mode liquid crystal cell 5), the positive Apate 10, and the late of Embodiment 9

negative C plate 30 configuring the liquid crystal display of P '

the present Embodiment is shown in table 4 above, and the

respective axis setting is as shown in FIG. 27.

TABLE 7

RETARDATION (nm) SEEN FROM

EMBODIMENT 10 OBLIQUE VIEWING ANGLE OF 40°

[0214] FIG.28isa Perspective \{ie\y showing in a frame PRODUCT NAME 450 nm 550 nm 650 nm

format the configuration of the liquid crystal display of

Embodiment 10. FIRST NEGATIVE C PLATE 10.2 10.2 10.2
OF EMBODIMENT 10

[0215] As shown in FIG. 28, the liquid crystal display of SECOND NEGATIVE C 35.4 30.6 26.1

: : : o PLATE OF EMBODIMENT 10

Em(l;o?.lmegt 10 ac]c 3r.d1111g to ﬂ}? péels)ent vention 1s a Vﬁ FIRST NEGATIVE C PLATE 45.6 40.8 36.3

mode liquid crystal display realized by arranging a secon OF EMBODIMENT 10 +

negative C plate 30B designed for the entire region of the SECOND NEGATIVE C

visible wavelength of the present invention and a first PLATE OF EMBODIMENT 10
NEGATIVE C PLATE OF 45.6 40.9 36.1

negative C plate 30A designed for the entire region of the
visible wavelength of the present invention on one outer side
of the VA mode liquid crystal cell 5, where the liquid crystal
2 having negative dielectric constant anisotropy is sand-
wiched between two upper and lower substrates 1a, 15 EMBODIMENT 11
performed with vertical alignment process on the surface;
arranging on the outer side thereof a polarizing film 100a
obtained by stacking in order the polarizing element 50a and
the TAC film 60q so that the side of the polarizing element
504 is positioned on the first negative C plate 30A side; and [0219] As shown in FIG. 29, the liquid crystal display of
arranging a polarizing film 1005 obtained by stacking in Embodiment 11 according to the present invention is an IPS

EMBODIMENT 9

[0218] FIG. 29 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 11.



US 2007/0242188 Al

mode liquid crystal display realized by arranging a polariz-
ing film 100q obtained by stacking in order a positive C plate
20 designed for the entire region of visible wavelength of the
present invention, a positive A plate 10 designed for the
entire region of visible wavelength of the present invention,
the polarizing element 50a, and the TAC film 60a on one
outer side of an IPS mode liquid crystal cell 6, where the
liquid crystal 3 having positive dielectric constant anisot-
ropy is sandwiched between two upper and lower substrates
la, 1b performed with parallel alignment process on the
surface so that the side of the positive C plate 20 is
positioned on the liquid crystal cell 6 side; and arranging a
polarizing film 1005 obtained by stacking in order the
isotropic film 70, the polarizing element 505, and the TAC
film 605 on the other outer side of the IPS mode liquid
crystal cell 6 so that the side of the isotropic film 70 is
positioned on the liquid crystal cell 6 side.

[0220] The optical property of the liquid crystal 3 (IPS
mode liquid crystal cell 6), the positive A plate 10, the
positive C plate 20 and the isotropic film 70 configuring the
liquid crystal display of the present Embodiment is shown in
table 8 below, and the respective axis setting is as shown in
FIG. 29.

Oct. 18, 2007

polarizing film 1005 obtained by stacking in order the
isotropic film 70, the polarizing element 5054, and the TAC
film 6056 on the other outer side of the IPS mode liquid
crystal cell 6 so that the side of the isotropic film 70 is
positioned on the liquid crystal cell 6 side.

[0223] The optical property of the liquid crystal 3 (IPS
mode liquid crystal cell 6), the positive A plate 10, the
positive C plate 20 and the isotropic film 70 configuring the
liquid crystal display of the present Embodiment is shown in
table 8 above, and the respective axis setting is as shown in
FIG. 30.

EMBODIMENT 13

[0224] FIG. 31-1 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 13.

[0225] As shown in FIG. 31-1, the liquid crystal display of
Embodiment 13 according to the present invention is an IPS
mode liquid crystal display realized by arranging the polar-
izing film 100a obtained by stacking in order a biaxial
retardation film 40 designed for the entire region of visible

TABLE 8

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL  ne = 1.564 ne = 1.550 ne = 1.542 IPS
(3.2 pm) no = 1.474 no = 1.464 no = 1.459 MODE
POSITIVE APLATE nx =1.50214 nx =1.50139 nx=1.50064 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny = 1.49900  DESIGN

nz = 1.50100  nz = 1.50000  nz = 1.49900
POSITIVE C PLATE nx = 1.50100 nx = 1.50000 nx = 1.49900 TOTAL WAVELENGTH
(100 pm) ny = 1.50100  ny = 1.50000 ny = 1.49900 DESIGN

nz = 1.50173  nz =1.50089  nz = 1.50005
ISOTROPIC FILM nx = 1.51000 nx = 1.51000  nx = 1.51000
(80 pum) ny = 1.51000 ny = 1.51000  ny = 1.51000

nz = 1.51000  nz = 1.51000  nz = 1.51000

EMBODIMENT 12

[0221] FIG. 30 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
Embodiment 12.

[0222] As shown in FIG. 30, the liquid crystal display of
Embodiment 12 according to the present invention is an IPS
mode liquid crystal display realized by arranging the polar-
izing film 100a obtained by stacking in order the positive A
plate 10 designed for the entire region of visible wavelength
of the present invention, the positive C plate 20 designed for
the entire region of visible wavelength of the present inven-
tion, the polarizing element 50a, and the TAC film 60a on
one outer side of an IPS mode liquid crystal cell 6, where the
liquid crystal 3 having positive dielectric constant anisot-
ropy is sandwiched between two upper and lower substrates
la, 16 performed with parallel alignment process on the
surface so that the side of the positive A plate 10 is
positioned on the liquid crystal cell 6 side; and arranging the

wavelength of the present invention, the polarizing element
50a, and the TAC film 60a on one outer side of an IPS mode
liquid crystal cell 6, where the liquid crystal 3 having
positive dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 16 performed
with parallel alignment process on the surface so that the
side of the biaxial retardation film 40 is positioned on the
liquid crystal cell 6 side; and arranging the polarizing film
1005 obtained by stacking in order the isotropic film 70, the
polarizing element 505, and the TAC film 604 on the other
outer side of the IPS mode liquid crystal cell 6 so that the
side of the isotropic film 70 is positioned on the liquid
crystal cell 6 side.

[0226] Each optical property of the liquid crystal 3 (IPS
mode liquid crystal cell 6), the biaxial retardation film 40
and the isotropic film 70 configuring the liquid crystal
display of the present Embodiment is shown in table 9
below, and the respective axis setting is as shown in FIG.
31-1.
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TABLE 9

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 IPS
(3.2 um) no = 1.474 no = 1.464 10 = 1.459 MODE
BIAXIAL RETARDATION  nx = 1.50100 nx = 1.50000 nx = 1.49900 TOTAL WAVELENGTH
FILM ny = 1.49875 ny = 149725 ny = 149575  DESIGN
(100 pm) nz = 149988 nz = 149863 nz = 1.49738
ISOTROPIC FILM nx=151000 nx=151000 nx = 1.51000
(80 pum) ny = 1.51000  ny = 151000 ny = 1.51000

nz=151000 nz=151000 nz=1.51000

COMPARATIVE EXAMPLE 1

[0227] FIG. 19-2 is a perspective showing in a frame
format a configuration of a liquid crystal display of com-
parative example 1 of the prior art.

[0228] As shown in FIG. 19-2, the liquid crystal display of
comparative example 1 is a liquid crystal display having a
configuration similar to Embodiment 1 except for that a
conventional positive A plate 10' designed for single wave-
length, a conventional positive C plate 20' designed for
single wavelength, and a conventional negative C plate 30'
designed for single wavelength are used in place of the
positive A plate 10 designed for the entire region of the
visible wavelength of the present invention, the positive C
plate 20 designed for the entire region of the visible wave-
length of the present invention, and the negative C plate 30
designed for the entire region of the visible wavelength of
the present invention shown in FIG. 19-1.

[0229] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10', the
positive C plate 20", and the negative C plate 30' configuring
the liquid crystal display of the present comparative example
is shown in table 10 below, and the respective axis setting is
as shown in FIG. 19-2.

COMPARATIVE EXAMPLE 2

[0230] FIG. 24-2 is a perspective showing in a frame
format a configuration of a liquid crystal display of com-
parative example 2 of the prior art.

[0231] As shown in FIG. 24-2, the liquid crystal display of
comparative example 2 is a liquid crystal display having a
configuration similar to Embodiment 6 except for that a
conventional negative C plate 30' designed for single wave-
length and a conventional biaxial retardation film 40
designed for single wavelength are used in place of the
negative C plate 30 designed for the entire region of the
visible wavelength of the present invention and the biaxial
retardation film 40 designed for the entire region of the
visible wavelength of the present invention shown in FIG.
24-1.

[0232] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the negative C plate 30" and the
biaxial retardation film 40' configuring the liquid crystal
display of the present comparative example is shown in table
11 below, and the respective axis setting is as shown in FIG.
24-2.

TABLE 10
PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL  ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 pm) no = 1.474 no = 1.464 no = 1.459 MODE
POSITIVE APLATE nx = 150239 nx =1.50139 nx=1.50039 SINGLE
(100 pm) ny = 1.50100  ny = 1.50000 ny = 1.49900 WAVELENGTH
nz = 1.50100  nz = 1.50000  nz =1.49900 DESIGN
POSITIVE C PLATE nx = 1.50100 nx =1.50000 nx = 1.49900 SINGLE
(100 pm) ny = 1.50100  ny = 1.50000  ny = 1.49900 ~WAVELENGTH
nz = 1.50189  nz = 1.50089  nz =1.49989  DESIGN
NEGATIVE C PLATE nx = 1.50100 nx =1.50000 nx=1.49900 SINGLE
(100 pm) ny = 1.50100  ny = 1.50000  ny = 1.49900 WAVELENGTH
nz = 1.49812 nz = 149712 nz=1.49612 DESIGN
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TABLE 11

PRODUCT NAME OPTICAL PROPERTY

(THICKNESS) 450 nm 550 nm 650 nm REMARKS

LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 VA

(3.5 um) no=1474  no=1464 10 = 1.459 MODE

BIAXIAL RETARDATION  nx = 1.50100  nx = 1.50000 nx = 1.49900  SINGLE

FILM ny = 1.49825 ny = 149725 ny = 149625 WAVELENGTH

(100 pm) nz = 149963 nz=149863 1z = 149763 DESIGN

NEGATIVE C PLATE nx = 1.50100 nx =150000 nx =1.49900 SINGLE

(100 pm) ny = 1.50100  ny = 1.50000 ny = 149900 WAVELENGTH
nz=149812 nz=149712 nz=149612 DESIGN

COMPARATIVE EXAMPLE 3

[0233] FIG. 32 is a perspective view showing in a frame
format the configuration of the liquid crystal display of
comparative example 3 of the prior art.

negative C plate 30" and the TAC films 60a, 605 configuring
the liquid crystal display of the present comparative example
is shown in table 12 below, and the respective axis setting is
as shown in FIG. 32.

TABLE 12

PRODUCT NAME

OPTICAL PROPERTY

(THICKNESS) 450 nm 550 nm 650 nm REMARKS

LIQUID CRYSTAL  ne = 1.564 ne = 1.550 ne = 1.542 VA

(3.5 um) no = 1.474 10 = 1.464 no = 1.459 MODE

POSITIVE A PLATE nx = 1.50186  nx = 1.50086  nx = 1.49986  SINGLE

(100 pm) ny = 150100 my = 1.50000 ny = 1.49900 WAVELENGTH
nz=150100 nz=150000 nz=149900 DESIGN

NEGATIVE C PLATE nx = 1.50100  nx = 1.50000  nx = 1.49900  SINGLE

(100 pm) ny = 150100 ny =1.50000 ny=1.49900 WAVELENGTH
nz = 149979 nz = 149879 nz=149779 DESIGN

[0234] As shown in FIG. 32, the liquid crystal display of
comparative example 3 is a VA mode liquid crystal display
realized by arranging the conventional negative C plate 30'
designed for single wavelength on the outer side of the VA
mode liquid crystal cell 5, where the liquid crystal 2 having
negative dielectric constant anisotropy is sandwiched
between two upper and lower substrates 1a, 16 performed
with vertical alignment process on the surface; arranging on
one outer side thereof a polarizing film 100a obtained by
stacking in order the TAC film 60, the polarizing element
50a and the TAC film 60a; and arranging a polarizing film
1005 obtained by stacking in order the conventional positive
A plate 10" designed for single wavelength, the TAC film
605, the polarizing element 505 and the TAC film 604 on the
other outer side of the VA mode liquid crystal cell 5 so that
the side of the positive A plate 10' is positioned on the liquid
crystal cell 5 side.

[0235] Each optical property of the liquid crystal 2 (VA
mode liquid crystal cell 5), the positive A plate 10', the

COMPARATIVE EXAMPLE 4

[0236] FIG. 31-2 is a perspective showing in a frame
format a configuration of a liquid crystal display of com-
parative example 4 of the prior art.

[0237] As shown in FIG. 31-2, the liquid crystal display of
comparative example 4 is a liquid crystal display having a
configuration similar to Embodiment 13 except for that a
conventional biaxial retardation film 40' designed for single
wavelength is used in place of the biaxial retardation film 40
designed for the entire region of the visible wavelength of
the present invention shown in FIG. 31-1.

[0238] Each optical property of the liquid crystal 3 (IPS
mode liquid crystal cell 6), the biaxial retardation film 40'
and the isotropic film 70 configuring the liquid crystal
display of the present comparative example is shown in table
13 below, and the respective axis setting is as shown in FIG.
31-2.
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TABLE 13

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL ne = 1.564 ne = 1.550 ne = 1.542 PS
(3.2 um) no = 1.474 no = 1.464 no = 1.459 MODE
BIAXIAL RETARDATION  nx = 1.50100  nx = 1.50000 nx = 1.49900  SINGLE
FILM ny = 1.49825  ny = 149725 ny = 1.49625 WAVELENGTH
(100 pm) nz = 149963 nz=149863 nz=149763 DESIGN
ISOTROPIC FILM nx = 1.51000 nx = 1.51000 nx = 1.51000
(80 um) ny = 1.51000 0y = 1.51000  ny = 1.51000

nz = 1.51000 nz=1.51000 nz = 1.51000

<Simulation Evaluation of Display Property>

[0239] The display of black was performed for the liquid
crystal display of each example, and the transmissivity at the
oblique viewing angle of 60°, and the distance AExy
between the chromaticity point at the oblique viewing angle
of 60° and the chromaticity point at the front view were
examined, which results are shown in table 14 below.

TABLE 14
OBLIQUE VIEWING ANGLE LIQUID
PROPERTY OF 60° CRYSTAL
TRANSMISSIVITY (%) A Exy MODE

EMBODIMENT 1 0.01 0.008 VA
EMBODIMENT 2 0.01 0.008 VA
EMBODIMENT 3 0.01 0.001 VA
EMBODIMENT 4 0.01 0.008 VA
EMBODIMENT 5 0.01 0.008 VA
EMBODIMENT 6 0.01 0.001 VA
EMBODIMENT 7 0.01 0.001 VA
EMBODIMENT 8 0.01 0.009 VA
EMBODIMENT 9 0.01 0.009 VA
EMBODIMENT 10 0.01 0.011 VA
EMBODIMENT 11 0.01 0.024 IPS
EMBODIMENT 12 0.01 0.026 IPS
EMBODIMENT 13 0.01 0.029 IPS
COMPARATIVE 0.04 0.182 VA
EXAMPLE 1

COMPARATIVE 0.02 0.125 VA
EXAMPLE 2

COMPARATIVE 0.05 0.178 VA
EXAMPLE 3

COMPARATIVE 0.03 0.141 IPS
EXAMPLE 4

[0240] As apparent from table 14, the transmissivity at the
oblique viewing angle was lower, AExy was very small, and
the viewing angle property improved in the liquid crystal
display of Embodiments 1 to 13 according to the present
invention compared to the liquid crystal display of com-
parative examples 1 to 4 of the prior art in time of display
of black. In particular, reduction in AExy, that is, improve-
ment in coloration phenomenon was significant.

2. Manufacturing of Liquid Crystal Display, and Evaluation
of Display Property of the Same

<Manufacturing of Liquid Crystal Display>

[0241] The liquid crystal display was actually manufac-
tured in the following Embodiments 14 to 16 and compara-
tive example 5.

EMBODIMENT 14

[0242] The liquid crystal display having a configuration
similar to Embodiment 9 was experimentally manufactured
in the present Embodiment.

[0243] Specifically, the positive A plate 10 was manufac-
tured from resin which absolute value of photoelastic coef-
ficient is 10x10™® cm?/N, and had optical property (reverse
wavelength dispersion property) of Rxy(550)=Rxz(650)=
140 nm, Rxy(450)/Rxy(550)=0.84, Rxy(650)/Rxy(550)=
1.11, as shown in table 4 above.

[0244] The negative C plate 30 was manufactured from
resin_ which absolute value of photoelastic coefficient is
5%10  cm?N, and had optical property (forward wavelength
dispersion property) of Rxy(550)=2 nm, Rxz(550)=200 nm,
Rxy(450)/Rxy(550)=1.06, Rxy(650)/Rxy(550)=0.95.

[0245] Furthermore, that including a rib shaped protrusion
(alignment dividing means) which alignment direction of the
liquid crystal molecules in time of intermediate tone display
and in time of display of white is 4, and a pigment dispersion
color filter (color separation means) for performing color
display, and in which contrast ratio measured from the
normal line direction is 1140 was manufactured for the VA
liquid crystal cell 5.

[0246] The contrast ratio is defined by the ratio of the
transmissivity in time of display of white with respect to the
transmissivity in time of display of black, and each trans-
missivity was measured by performing light acceptance at
the viewing angle of 2° using a diffusion light source which
half band width of output angle-luminance property in an
arbitrary azimuthal direction is greater than or equal to 40°.

EMBODIMENT 15

[0247] The liquid crystal display of the present Embodi-
ment has a configuration similar to the liquid crystal display
of Embodiment 14 except for that the contrast ratio mea-
sured from the normal line direction of the liquid crystal cell
is 730.

EMBODIMENT 16

[0248] The liquid crystal display of the present Embodi-
ment has a configuration similar to the liquid crystal display
of Embodiment 14 except for that both the positive A plate
10 and the negative C plate 30 are manufactured from resin
in which absolute value of photoelastic coefficient is 45x10
cm?/N.
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COMPARATIVE EXAMPLE 35

[0249] The liquid crystal display of the present compara-
tive example has a configuration similar to the liquid crystal
display of Embodiment 14 except for that both the positive
A plate 10 and the negative C plate 30 are manufactured
from resin having a flat wavelength dispersion property.

[0250] Specifically, the positive A plate 10 is manufac-
tured from resin in which absolute value of photoelastic
coefficient is 10x10~® cm?/N, and has optical property (flat
wavelength dispersion property) of Rxy(550)=Rxz(650)=
140 nm, Rxy(450)/Rxy(550)=1.00, Rxy(650)/Rxy(550)=
1.00, as shown in table 15. Furthermore, the negative C plate
30 is manufactured from resin in which absolute value of
photoelastic coefficient is 5x10™® cm?/N, and the optical
property thereof has optical property (flat wavelength dis-
persion property) of Rxy(550)=2 nm, Rxz(550)=200 nm,
Rxy(450)/Rxy(550)=1.00, Rxy(650)/Rxy(550)=1.00, as
shown in table 15 below.
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example 5 when performing display of black. In particular,
reduction in AExy, that is, improvement in coloration phe-
nomenon was significant. Therefore, the positive A plate 10
preferably exhibits the reverse wavelength dispersion prop-
erty, and the negative C plate 30 preferably exhibits the
forward wavelength dispersion property.

[0253] The viewing angle property improved in the liquid
crystal display of Embodiment 15 compared to the liquid
crystal display of comparative example 5, but the effect
thereof is small compared to the liquid crystal display device
of Embodiment 14. Therefore, the contrast ratio of the liquid
crystal cell is preferably greater than or equal to 730, and
more preferably greater than or equal to 1140.

[0254] The viewing angle property improved in the liquid
crystal display of Embodiment 16 similar to the liquid
crystal display of Embodiment 14, but after continuing the
evaluation with the backlight lighted, the positive A plate 10
and the negative C plate 30 deformed due to the radiated

TABLE 15

PRODUCT NAME OPTICAL PROPERTY
(THICKNESS) 450 nm 550 nm 650 nm REMARKS
LIQUID CRYSTAL  ne = 1.564 ne = 1.550 ne = 1.542 VA
(3.5 um) no = 1.474 0 = 1.464 10 = 1.459 MODE
POSITIVE A PLATE nx = 1.50139 nx = 1.50139 nx = 1.50139 TOTAL WAVELENGTH
(100 pm) ny = 1.50000 ny = 1.50000 ny = 1.50000 DESIGN

nz =1.50000 nz = 1.50000 nz = 1.50000
NEGATIVE C PLATE nx = 1.50000 nx = 1.50000 nx = 1.50000 TOTAL WAVELENGTH
(100 pm) ny = 1.50000 ny = 1.50000 ny = 1.50000 DESIGN

nz=149799 nz=149799 nz = 1.49799

<Evaluation of Display Property>

[0251] The evaluation results of the liquid crystal display
manufactured in Embodiments 14 to 16 and comparative
example 5 are shown in table 16 below. In evaluation, the
backlight of a commercially available LCD television (37
inch AQUOS (trade name) manufactured by Sharp Co.) was
used as the light source.

TABLE 16

OBLIQUE
VIEWING ANGLE
PROPERTY OF 60°

TRANSMISSIVITY
(%) A Exy REMARKS

EMBODIMENT 14 0.02 0.014

EMBODIMENT 15 0.03 0.077

EMBODIMENT 16 0.02 0.014 SIGNIFICANT
UNEVENNESS
OCCURRED
60 MINUTES
AFTER LIGHTING
BACKLIGHT.

COMPARAIVE 0.1 0.121

EXAMPLE 5

[0252] As apparent from table 16, the transmissivity at the
oblique viewing angle was lower, AExy was very small, and
the viewing angle property improved in the liquid crystal
display of Embodiment 14 according to the present inven-
tion compared to the liquid crystal display of comparative

heat from the backlight, and thus significant unevenness
(light leakage) occurred. Therefore, the retardation film
preferably has a photoelastic coefficient of less than or equal
to 10x107® cm?/N.

[0255] The present application claims priority (under 35
U.S.C §119) on Patent Application No. 2004-192107 filed in
Japan on Jun. 29, 2004, the entire contents of which are
hereby incorporated by reference.

[0256] In the present specification, “greater than or equal
to”” and “less than or equal to” include the relevant numerical
value. In other words, “greater than or equal to” means
relevant numerical value and greater than or equal to the
relevant numerical value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0257] FIG. 1 is a view showing in a frame format the
relative arrangement relationship of the absorption axes for
the system in which two polarizing elements are arranged in
the Cross-Nicol relationship, where (a) is when observed
from the front, and (b) is when observed from an oblique
viewing angle;

[0258] FIG. 2 (a) is a view showing the result of calcu-
lating transmissivity of when observed with the viewing
angle tilted in the 45° direction for the system in which two
polarizing elements are arranged in the Cross-Nicol rela-
tionship, and FIG. 2 (b) is a view showing the result of
calculating the change in chromaticity in the relevant case;

[0259] FIG. 3 is a view explaining a phenomenon in which
the transmissivity increases and the chromaticity point
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changes the more the viewing angle is tilted in a system in
which two polarizing elements are arranged in the Cross-
Nicol relationship;

[0260] FIG. 4 is a view explaining in frame format the
effect of when the positive A plate and the positive C plate
are arranged between two polarizing elements in a system in
which two polarizing elements arranged in a Cross-Nicol
relationship;

[0261] FIG. 5 is a view explaining in frame format the
effect of when one biaxial retardation film is arranged
between two polarizing elements in a system in which two
polarizing elements are arranged in a Cross-Nicol relation-
ship;

[0262] FIG. 6 (a) is a view showing the result of calcu-
lating the transmissivity (Y value) of when observed with
the viewing angle titled to 45° direction, FIG. 6 (b) is a view
showing the result of calculating the change in chromaticity
of the relevant case in a system in which the conventional
single wavelength designed positive A plate and the positive
C plate are arranged between two polarizing elements
arranged in the Cross-Nicol relationship;

[0263] FIG. 7 (a) is a view showing the result of calcu-
lating the transmissivity (Y value) of when observed with
the viewing angle titled to 45° direction, and FIG. 7 (b) is a
view showing the result of calculating the change in chro-
maticity of a relevant case in a system in which the retar-
dation film designed for the entire region of the visible
wavelength of the present invention is arranged in place of
the retardation film designed for single wavelength of the
prior art in the system of FIG. 6;

[0264] FIG. 8 (a) is a view showing a result of calculating
the transmissivity (Y value) of when observed with the
viewing angle tilted to the 45° direction, and FIG. 8 (b) is a
view showing a result of calculating the change in chroma-
ticity of the relevant case in a system in which the conven-
tional biaxial retardation film designed for the single wave-
length is arranged between two polarizing elements arranged
in Cross-Nicol relationship;

[0265] FIG.9 (a) is a view showing a result of calculating
the transmissivity (Y value) of when observed with the
viewing angle tilted to the 45° direction, and FIG. 9 (b) is a
view showing a result of calculating the change in chroma-
ticity of the relevant case in a system in which the retarda-
tion film designed for the entire region of the visible
wavelength of the present invention is arranged in place of
the conventional retardation film designed for the single
wavelength in the system of FIG. 8;

[0266] FIG. 10 is a view showing a result of calculating
the transmissivity (=Y value) of when observed with the
viewing angle tilted to the 45° direction in a system in which
two polarizing elements are arranged in Cross-Nicol;

[0267] FIG. 11 is a view showing a result of calculating
the transmissivity (=Y value) of when observed with the
viewing angle tilted to the 45° direction in a system in which
the liquid crystal cell is arranged between the polarizing
elements in the system of FIG. 10;

[0268] FIG. 12 is a view showing a result of calculating
the transmissivity (=Y value) of when observed with the
viewing angle tilted to the 45° direction in a system in which
the conventional negative C plate designed for single wave-
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length is arranged so as to be adjacent to the liquid crystal
cell in the system of FIG. 11;

[0269] FIG. 13 is a view showing a result of calculating
the transmissivity (=Y value) of when observed with the
viewing angle tilted to the 45° direction in a system in which
the biaxial retardation film designed for the entire region of
the visible wavelength of the present invention is arranged
so as to be adjacent to the polarizing element on the liquid
crystal cell side of one polarizing element in the system of
FIG. 12;

[0270] FIG. 14 (a) is a view showing a result of calculat-
ing the transmissivity of when observed with the viewing
angle tilted to the 45° direction, and FIG. 14 (b) is a view
showing a result of calculating the change in chromaticity of
the relevant case in a system in which the two polarizing
elements are arranged in Cross-Nicol;

[0271] FIG. 15 (a) is a view showing a result of calculat-
ing the transmissivity of when observed with the viewing
angle tilted to the 45° direction, and FIG. 15 (b) is a view
showing a result of calculating the change in chromaticity of
the relevant case in a system in which the liquid crystal cell
is arranged between the polarizing elements in the system of
FIG. 14;

[0272] FIG. 16 (a) is a view showing a result of calculat-
ing the transmissivity of when observed with the viewing
angle tilted to the 45° direction, and FIG. 16 () is a view
showing a result of calculating the change in chromaticity of
the relevant case in a system in which the conventional
negative C plate designed for single wavelength is arranged
so as to be adjacent to the liquid crystal cell in the system of
FIG. 15;

[0273] FIG. 17 (a) is a view showing a result of calculat-
ing the transmissivity of when observed with the viewing
angle tilted to the 45° direction, and FIG. 17 (b) is a view
showing a result of calculating the change in chromaticity of
the relevant case in a system in which the negative C plate
designed for the entire region of the visible wavelength of
the present invention is arranged in place of the conventional
negative C plate designed for single wavelength in FIG. 16;

[0274] FIG. 18 (a) is a view showing a result of calculat-
ing the transmissivity of when observed with the viewing
angle tilted to the 45° direction, and FIG. 18 (4) is a view
showing a result of calculating the change in chromaticity of
the relevant case in a system in which the biaxial retardation
film designed for the entire region of the visible wavelength
of the present invention is arranged so as to be adjacent to
the polarizing element on the liquid crystal cell side of one
polarizing element in the system of FIG. 17,

[0275] FIG. 19-1 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 1;

[0276] FIG. 19-2 is a perspective view showing in a frame
format a configuration of a liquid crystal display of a
comparative Embodiment 1;

[0277] FIG. 20 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 2;

[0278] FIG. 21 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 3;
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[0279] FIG. 22 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 4;

[0280] FIG. 23 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 5;

[0281] FIG. 24-1 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 6;

[0282] FIG. 24-2 is a perspective view showing in a frame
format a configuration of a liquid crystal display of com-
parative example 2;

[0283] FIG. 25 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 7,

[0284] FIG. 26 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 8;

[0285] FIG. 27 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 9;

[0286] FIG. 28 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 10;

[0287] FIG. 29 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 11;

[0288] FIG. 30 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 12;

[0289] FIG. 31-1 is a perspective view showing in a frame
format a configuration of a liquid crystal display of Embodi-
ment 13;

[0290] FIG. 31-2 is a perspective view showing in a frame
format a configuration of a liquid crystal display of com-
parative example 4; and

[0291] FIG. 32 is a perspective view showing in a frame
format a configuration of a liquid crystal display of a
comparative example 3.

DESCRIPTION OF SYMBOLS
1a, 1b: Substrate
2: VA mode liquid crystal molecule

[0292]
[0293]
[0294]
[0295]
[0296]

[0297] 10: Positive A plate (designed for entire region of
visible wavelength)

3: IPS mode liquid crystal molecule
5: VA mode liquid crystal cell
6: IPS mode liquid crystal cell

[0298] 10" Positive A plate (designed for single wave-
length)

[0299] 20: Positive C plate (designed for entire region of
visible wavelength)

[0300] 20" Positive C plate (designed for single wave-
length)
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[0301] 30: Negative C plate (designed for entire region of
visible wavelength)

[0302] 30a: First negative C plate (designed for entire
region of visible wavelength)

[0303] 305: Second negative C plate (designed for entire
region of visible wavelength)

[0304] 30" Negative C plate (designed for single wave-
length)

[0305] 40: Biaxial retardation film (designed for entire
region of visible wavelength)

[0306] 40" Biaxial retardation film (designed for single
wavelength)

[0307]
[0308]
[0309]
[0310]

50a, 505: Polarizing element

60a, 60b: TAC film

70: Film not exhibiting birefringence
100a, 1005: Polarizing film

1. A uniaxial retardation film having an optical axis in
plane and where extraordinary ray refraction index>ordinary
ray refraction index,

wherein the retardation film satisfies the following equa-
tions (1) to (4):

118 nm=Rxp(550) =160 nm (1)
—10 nm=Ryz(550)=10 nm 2)
0.75=Rxy(450)/Rxy(550)=0.97 3)
1.03=Rxy(650)/Rxy(550)=1.25 ),

in equations (1) to (4), Rxy(A), Ryz(\) represent the
retardation Rxy, Ryz of the retardation film at wave-
length A nm respectively, and are defined as Rxy=(nx—
ny)xd, Ryz=(ny-nz)xd where nx, ny (nx>ny) are the
principal refraction indexes in the in plane direction, nz
is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film.

2. The retardation film according to claim 1, wherein the
retardation film satisfies 130 nm =Rxy(550)=150 nm.

3. The retardation film according to claim 1, wherein the
retardation film is configured by a stacked body of two or
more retardation elements in which (nx-ny)/(ny-nz) are
substantially equal to each other.

4. The retardation film according to claim 1, wherein the
retardation film is configured by a stacked body of two or
more retardation elements which maximum principal refrac-
tion index direction in plane is substantially parallel to or
substantially orthogonal to each other.

5-24. (canceled)

25. A uniaxial retardation film having an optical axis out
of plane and where extraordinary ray refraction
index<ordinary ray refraction index,

wherein the retardation film satisfies the following equa-
tions (19) to (22):

0 nm =Rxy(550)=10 nm (19)
108 nm =Ryz(550)=379 nm (20)
1.04=Rxz(450)/Rxz(550) (1)
Rxz(650)/Rxz(550)=0.98 (22),

in equations (19) to (22), Rxy(A), Rxz()A) represent the
retardation Rxy, Rxz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx—
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ny)xd, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the
principal refraction indexes in the in plane direction, nz
is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film.

26. The retardation film according to claim 25, wherein
the retardation film is configured by a stacked body of two
or more retardation elements each satisfying O
nm=Rxy(550)=10 nm.

27. The retardation film according to claim 26, wherein at
least one of the two or more retardation elements is a film
having a thickness of less than or equal to 20 pm.

28. A polarizing film comprising the retardation film
according to claim 1 and a polarizing element, wherein

the polarizing film is stacked without interposing a film
exhibiting birefringence between the retardation film
and the polarizing element, and the nx direction of the
retardation film and the absorption axis of the polariz-
ing element are arranged in a substantially orthogonal
relationship.

29-33. (canceled)

34. A polarizing film comprising the retardation film

according to claim 25 and a polarizing element, wherein

the polarizing film is stacked without interposing a film
exhibiting birefringence between the retardation film
and the polarizing element.

35-87. (canceled)

88. A liquid crystal display comprising a liquid crystal cell
for performing display of black in a state where the majority
of liquid crystal molecules align substantially perpendicu-
larly to the substrate and the in plane retardation is substan-
tially zero, and a first polarizing film and a second polarizing
film in a Cross-Nicol relationship with each other on both
sides of the liquid crystal cell; wherein

the first polarizing film is the polarizing film according to
claim 28;

the second polarizing film is the polarizing film compris-
ing the retardation film and a polarizing element,
wherein

the polarizing film is stacked without interposing a film
exhibiting birefringence between the retardation film
and the polarizing element; and

the polarizing films are each arranged so that the side of
the retardation film is positioned on the liquid crystal
cell side.

89. The liquid crystal display according to claim 88,
wherein the liquid crystal cell includes at least one of an
alignment dividing means forming two or more alignment
directions of the liquid crystal molecules in time of display
of halftone and white or a color separation means for
performing color display; and

the contrast ratio measured from the normal line direction
of the liquid crystal display is greater than or equal to
800.

90. The liquid crystal display according to claim 88,
wherein at least one retardation film has photoelastic coef-
ficient of less than or equal to 20x10™® cm?/N.

91. A liquid crystal display comprising a liquid crystal cell
for performing display of black in a state where the majority
of liquid crystal molecules align substantially perpendicu-
larly to the substrate and the in plane retardation is substan-
tially zero, and a first polarizing film and a second polarizing
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film in a Cross-Nicol relationship with each other on both
sides of the liquid crystal cell; wherein

the first polarizing film is the polarizing film comprising
the retardation film and a polarizing element, wherein

the polarizing film is stacked without interposing a film
exhibiting birefringence between the retardation film
and the polarizing element, and the nx direction of the
retardation film and the absorption axis of the polariz-
ing element are arranged in a substantially orthogonal
relationship and has the side of the retardation film on
the liquid crystal side; and

the liquid crystal display is stacked with the retardation
film according to claim 25 without interposing a film
exhibiting birefringence on the liquid crystal cell side
of the first polarizing film.
92. The liquid crystal display according to claim 91,
wherein the second polarizing film includes a polarizing
element; and

the liquid crystal display does not include a film exhib-
iting birefringence between the polarizing element of
the second polarizing film and the liquid crystal cell.
93. The liquid crystal display according to claim 91,
wherein the liquid crystal cell includes at least one of an
alignment dividing means forming two or more alignment
directions of the liquid crystal molecules in time of display
of halftone and white or a color separation means for
performing color display; and

the contrast ratio measured from the normal line direction
of the liquid crystal display is greater than or equal to
800.

94. The liquid crystal display according to claim 91,
wherein at least one retardation film has photoelastic coef-
ficient of less than or equal to 20x10™® cm?/N.

95. A liquid crystal display comprising a liquid crystal cell
for performing display of black in a state where the majority
of liquid crystal molecules align substantially perpendicu-
larly to the substrate and the in plane retardation is substan-
tially zero, and a first polarizing film and a second polarizing
film in a Cross-Nicol relationship with each other on both
sides of the liquid crystal cell; wherein

the first polarizing film is the polarizing film according to
claim 28;

the second polarizing film includes an uniaxial retardation
film satisfying the following equations (31) and (32):

0 nm=Rxp(550)=10 nm (31)
71 nm=RIc(550)-Rxz(550)=142 nm (32),

in equations (31) and (32), Rxy(A), Rxz()) represent the
retardation Rxy, Rxz of the retardation film at wave-
length A nm respectively, and are defined as Rxy=(nx—
ny)xd, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the
principal refraction indexes in the in plane direction, nz
is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film,
and

in equation (32), Rlc()) represents the retardation Rlc of
the liquid crystal cell at wavelength Anm, and is defined
as Rlc=(ne-no)xd' where ne is the extraordinary ray
refraction index, no is the ordinary ray refraction index,
and d' is the thickness in the liquid crystal cell, and
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the uniaxial retardation film having an optical axis out of
plane and where extraordinary ray refraction
index<ordinary ray refraction index and a polarizing
element; and

the polarizing film is stacked without interposing a film
exhibiting birefringence between the respective retar-
dation film and the polarizing element, and has the side
of the retardation film on the liquid crystal cell side.
96. The liquid crystal display according to claim 95,
wherein the uniaxial retardation film satisfies the following
equation (33):
{RIc(450)-Rxz(450)} {RIc(550)-
Rxz(550)} = {RIc(650)-Rxz(650) } (33),
in equation (33), Rxz(\) represents the retardation Rxz of
the retardation film at wavelength Anm, and is defined
as Rxz=(nx-nz)xd where nx, ny (nxZny) is the prin-
cipal refraction indexes in the in plane direction, nz is
the principal refraction index in the out of plane direc-
tion, and d is the thickness in the retardation film, and

Rlc(A) represents the retardation Rlc of the liquid crystal
cell at wavelength Anm, and is defined as Rlc=(ne-
no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is
the thickness in the liquid crystal cell.

97. The liquid crystal display according to claim 96,

wherein the uniaxial retardation film satisfies the following
equations (34) and (35):

0.75 = {RIc(450)-Rxz(450)}/{Rlc(550)~
Rxz(550)}=0.97 (34)

1.03 = {Ric(650)-Rxz(650)}/{Ric(550)-
Rxz(550)}£1.25 (35),
in equations (34) and (35), Rxz(\) represents the retar-
dation Rxz of the retardation film at wavelength Anm,
and is defined as Rxz=(nx-nz)xd where nx, ny
(nxZny) are the principal refraction indexes in the in
plane direction, nz is the principal refraction index in
the out of plane direction, and d is the thickness in the
retardation film, and

Rlc(A) represents the retardation Rlc of the liquid crystal
cell at wavelength Anm, and is defined as Rlc=(ne-
no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is
the thickness in the liquid crystal cell.

98. The liquid crystal display according to claim 95,
wherein the liquid crystal cell includes at least one of an
alignment dividing means forming two or more alignment
directions of the liquid crystal molecules in time of display
of halftone and white or a color separation means for
performing color display; and

the contrast ratio measured from the normal line direction
of the liquid crystal display is greater than or equal to
800.

99. The liquid crystal display according to claim 95,
wherein at least one retardation film has photoelastic coef-
ficient of less than or equal to 20x10™® cm?/N.

100. A liquid crystal display comprising a liquid crystal
cell for performing display of black in a state where the
majority of liquid crystal molecules align substantially per-
pendicularly to the substrate and the in plane retardation is
substantially zero, and a first polarizing film and a second
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polarizing film in a Cross-Nicol relationship with each other
on both sides of the liquid crystal cell; wherein

the first polarizing film is the polarizing film according to
claim 28 and has the side of the retardation film on the
liquid crystal side; and

the liquid crystal display has a uniaxial retardation film
stacked without a film exhibiting birefringence on the
liquid crystal cell side of the first polarizing film, and
the uniaxial retardation film satisfying the following
equations (36) and (37):
0 nm=Rxp(550)=10 nm (36)
71 nm=RIc(550)-Rxz(550)=142 nm (37),

in equations (36) and (37), Rxy()), Rxz(}) represent the
retardation Rxy, Rxz of the retardation film at wave-
length Anm respectively, and are defined as Rxy=(nx—
ny)xd, Rxz=(nx-nz)xd where nx, ny (nx=ny) are the
principal refraction indexes in the in plane direction, nz
is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film,
and

in equation (37), Rlc()) represents the retardation Rlc of
the liquid crystal cell at wavelength Anm, and is defined
as Rlc=(ne-no)xd' where ne is the extraordinary ray
refraction index, no is the ordinary ray refraction index,
and d' is the thickness in the liquid crystal cell, and

the uniaxial retardation film having an optical axis out of
plane and where extraordinary ray refraction
index<ordinary ray refraction index.
101. The liquid crystal display according to claim 100,
wherein the second polarizing film includes a polarizing
element; and

the liquid crystal display does not include a film exhib-
iting birefringence between the polarizing element of
the second polarizing film and the liquid crystal cell.
102. The liquid crystal display according to claim 100,
wherein the uniaxial retardation film satisfies the following
equation (38):
{Ric(450)-Rxz(450)} <{RIc(550)-
Rxz(550)} £{RIc(650)-Rxz(650)} (38),
in equation (38), Rxz(A) represents the retardation Rxz of
the retardation film at wavelength Anm, and is defined
as Rxz=(nx-nz)xd where nx, ny (nx=ny) are the
principal refraction indexes in the in plane direction, nz
is the principal refraction index in the out of plane
direction, and d is the thickness in the retardation film,
and

Rlc(M) represents the retardation Rlc of the liquid crystal
cell at wavelength Anm, and is defined as Rlc=(ne-
no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is
the thickness in the liquid crystal cell.

103. The liquid crystal display according to claim 102,

wherein the uniaxial retardation film satisfies the following
equations (39) and (40):

0.75<{R1c(450)-Rxz(450)}/{Rlc(550)-
Rxz(550)}£0.97

1.03 ={RIc(650)-Rxz(650)}/{Rlc(550)-
Rxz(550)}£1.25 (40),

in equations (39) and (40), Rxz(\) represents the retar-
dation Rxz of the retardation film at wavelength A nm,

(39)
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and is defined as Rxz=(nx-nz)xd where nx, ny (nx-ny)
are the principal refraction indexes in the in plane
direction, nz is the principal refraction index in the out
of plane direction, and d is the thickness in the retar-
dation film, and

Rlc()) represents the retardation Rle of the liquid crystal
cell at wavelength A nm, and is defined as Rlc=(ne-
no)xd' where ne is the extraordinary ray refraction
index, no is the ordinary ray refraction index, and d' is
the thickness in the liquid crystal cell.

104. The liquid crystal display according to claim 100,
wherein the liquid crystal cell includes at least one of an
alignment dividing means forming two or more alignment
directions of the liquid crystal molecules in time of display
of halftone and white or a color separation means for
performing color display; and

the contrast ratio measured from the normal line direction
of the liquid crystal display is greater than or equal to
800.

105. The liquid crystal display according to claim 100,
wherein at least one retardation film has photoelastic coef-
ficient of less than or equal to 20x10™® cm?/N.

106. A liquid crystal display comprising a liquid crystal
cell and polarizing films in a Cross-Nicol relationship with
each other on both sides of the liquid crystal cell; wherein

at least one polarizing film includes a retardation film
having reverse wavelength dispersion property; and

the liquid crystal display further includes a retardation
film having a wavelength dispersion property substan-
tially the same as a liquid crystal layer configuring the
liquid crystal cell.
107. The liquid crystal display according to claim 106,
wherein at least one of the retardation film having the
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reverse wavelength dispersion property or the wavelength
dispersion property substantially the same as the liquid
crystal layer is configured by a stacked body of two or more
retardation elements.

108. The liquid crystal display according to claim 106,
wherein

the retardation film having reverse wavelength dispersion
property is made of at least one selected from a group
consisting of a uniaxial retardation film having optical
axis in plane and where extraordinary ray refraction
index>ordinary ray refraction index, a uniaxial retar-
dation film having optical axis out of plane and where
extraordinary ray refraction index>ordinary ray refrac-
tion index, and a biaxial retardation film; and

the retardation film having wavelength dispersion prop-
erty substantially the same as the liquid crystal is a
uniaxial retardation film having optical axis out of
plane and where extraordinary ray refraction
index<ordinary ray refraction index.

109. The liquid crystal display according to claim 106,
wherein the liquid crystal cell includes at least one of an
alignment dividing means forming two or more alignment
directions of the liquid crystal molecules in time of display
of halftone and white or a color separation means for
performing color display; and

the contrast ratio measured from the normal line direction
of the liquid crystal display is greater than or equal to
800.

110. The liquid crystal display according to claim 106,
wherein at least one retardation film has photoelastic coef-
ficient of less than or equal to 20x10~® cm?/N.

111-116. (canceled)
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