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7) ABSTRACT

A positive uniaxial film 14 with a retardation of Rp [nm] in
an in-plane direction is disposed between a vertical align-
ment mode liquid crystal cell 11 and a polarizing plate 12,
and a negative uniaxial film 15 with a retardation of Rn [nm]
in a thickness direction is disposed between the positive
uniaxial film 14 and the polarizing plate 12. Further, when
a parameter ol [nm] in relation to Rp is 35+(Rlc/80-4)"x
3.5+(360-Rlc)xRtac/850; and a parameter f1 [am] in rela-
tion to Ra is Rle-1.9xRtac, where Rtac [nm] is a retardation
in a thickness direction of the respective base films of
polarizing plates 12 and 13, the retardations Rp and Rn are
set to fall within ranges of 80% to 120% of the parameter o1
and 60% to 90% of the parameter 1, respectively.

11 Claims, 14 Drawing Sheets
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FIG. 1
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FIG. 6
THICKNESS OF
LIQUID CRYSTAL | Ryac [nm] Rp [nm] Rn [nm]
CELL [um]

0 38 243

30 41 181

30 50 43 140

80 49 17

0 35 331

30 36 270

40 50 36 230

80 38 169

0 37 371

45 30 36 311
(Rlc=360[nm]) 50 36 271
80 37 211

0 39 417

30 37 358

o0 50 36 318

80 35 259
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FIG. 7
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FIG. 8
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FIG. 10
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FIG. 14
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LIQUID CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of interna-
tional application PCT/JP03/02521 filed 4 Mar. 2003, which
designated the U.S.

TECHNICAL FIELD

The present invention relates to a vertical alignment mode
liquid crystal display device.

BACKGROUND ART

Conventionally, a liquid crystal display device has been
widely used for the screen of a word processor and a
computer. In recent years, the liquid crystal display device
has spread rapidly as a television screen. Many of these
liquid crystal display devices adopt TN (Twisted Nematic)
mode. However, the TN mode liquid crystal display device
has the problems of tendencies to degrade a contrast and to
reverse a gradation property when viewed from an oblique
direction.

For this reason, in recent years, in light of the improve-
ment in viewing angle property when viewed from an
oblique direction, a VA (Vertical Alignment) mode liquid
crystal display device has been attracting attention. A liquid
crystal cell of the VA mode liquid crystal display device is
arranged in combination of a nematic liquid crystal having
a negative dielectric anisotropy with a vertical alignment
film.

Further, for example, Japanese Patent No. 2947350
(published on Sep. 13, 1999) and Japanese Laid-Open Patent
Publication No. 2000-39610 (published on Feb. 8, 2000), as
shown in FIGS. 16 and 17, disclose a liquid crystal display
device 101 in which a biaxial film 116 is provided between
a liquid crystal cell 111 and a polarizing plate 112, and a
liquid crystal display device 101¢ in which a positive
uniaxial film 114 and a negative uniaxial film 115 are
provided between the liquid crystal cell 111 and the polar-
izing plate 112 and between the positive uniaxial film 114
and the polarizing plate 112, respectively, in order to opti-
cally compensate for the optical anisotropy of the liquid
crystal cell 111 when black image is displayed.

With the above arrangement, even though the liquid
crystal cell 111 brings a phase difference depending on a
polar angle to transmitting light when the liquid crystal cell
111 in which liquid crystal molecules are oriented vertically
is viewed from an oblique direction, the phase difference can
be compensated by properly setting the respective retarda-
tions of the film 116 (films 114 and 115). Therefore, a black
display can be performed substantially as in the case when
the liquid crystal cell 111 is viewed from a front direction,
that is, as in the case where the liquid crystal molecules
maintain the polarized state of the transmitting light. As a
result of this, it is possible to prevent light leakage, thus
enhancing the contrast and suppressing the occurrence of
coloring and tone degradation when viewed from an oblique
direction.

However, nowadays, under the situation where a liquid
crystal display device with a wider viewing angle and higher
display quality is expected, there is a demand for the
improvement in coloring and tone degradation caused when
viewed from the oblique direction. The liquid crystal display
device using the films 116 (114 and 115) with the retardation
described in Japanese Patent No. 2947350 and Japanese
Laid-Open Patent Publication No. 2000-39610, however, is
not always satisfactory and still leaves room for improve-
ment.
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In view of the above problems, the present invention in a
vertical alignment mode liquid crystal display device is
attained as a result of investigating the effects of base films
of polarizing plates on suitable retardations of films for the
suppression of coloring and tone degradation when viewed
from an oblique direction. It is therefore an object of the
present invention is to surely provide a liquid crystal display
device in which the coloring and tone degradation can be
suppressed within allowable limits in practical use, while
maintaining a contrast at a sufficiently high value in practical
use when viewed from an oblique direction.

DISCLOSURE OF INVENTION

In order to achieve the above object, a liquid crystal
display device according to the present invention, includes:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal mol-
ecules of the liquid crystal are oriented substantially verti-
cally to respective surfaces of the pair of substrates;

a pair of polarizing plates disposed so as to sandwich the
liquid crystal cell therebetween, respective absorption axes
of the pair of polarizing plates being orthogonal to each
other;

a first phase difference film, disposed between one of the
pair of polarizing plates and the liquid crystal cell, the first
phase difference film having a positive uniaxial anisotropy;
and

a second phase difference film, disposed between the one
of the pair of polarizing plates and the first phase difference
film, the second phase difference film having a negative
uniaxial anisotropy,

wherein each of the pair of polarizing plates has a base
film with an optical axis substantially vertical to the pair of
substrates, the base film having a negative uniaxial
anisotropy, the first phase difference film has a retardation
axis crossing at right angle the absorption axis of the one of
the pair of polarizing plates on the same side when seen from
the liquid crystal, and the second phase difference film has
an optical axis substantially vertical to the pair of substrates,
taking the following means.

More specifically, when a parameter o [nm] in relation to
Rp is:

=35+(Rlc/80-4)?x3.5+(360-Rlc)xRtac/850; and
a parameter  [nm] in relation to Ra is:
p=Rlc-19%Rtac,

where Rp [nm] is a retardation in an in-plane direction of
the first phase difference film, Rn [nm] is a retardation in a
thickness direction of the second phase difference film, Rtac
[am] is a retardation in a thickness direction of the base
films, and Rlc [nm] is a retardation in a thickness direction
of the liquid crystal,

the retardation Rp is set to fall within the range from not
less than 80% to not more than 120% of the parameter o, and
the retardation Rn is set to fall within the range from not less
than 60% to not more than 90% of the parameter P.

In the above-arranged liquid crystal display device, liquid
crystal molecules oriented substantially vertically to the
substrates, although not bringing a phase difference to light
incident from the normal direction to the substrate, bring a
phase difference depending on a polar angle (tilt angle to the
normal direction) to obliquely incident light. Therefore, the
liquid crystal display device cannot completely absorb the
light supposed to be absorbed by the polarizing plate on the
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side from where the light emits, without the first and second
phase difference films. This results in the occurrence of light
leakage, thus degrading a contrast and causing the coloring
and tone degradation.

In order to solve the problem, since the above arrange-
ment is provided with first and second phase difference
films, the phase difference that the liquid crystal has brought
depending on the polar angle can be compensated by the first
and second phase difference films. As a result of this, it is
possible to prevent light leakage when viewed from an
oblique direction, enhancing the contrast and preventing the
occurrence of coloring and tone degradation.

Incidentally, when the respective retardations of the first
and second phase difference films are determined, it cannot
be always said that just subtracting the retardation in the
thickness direction of the base films from each of the
respective retardations in the thickness direction of the first
and second phase difference films, which is an optimum
retardation when base films are absent, is sufficient, because
the coloring and tone degradation caused when viewed from
an oblique direction are required to be suppressed much
further.

The inventors of the present application, as a result of
extensive research to further suppress the coloring and tone
degradation, while maintaining a contrast at a sufficiently
high value in practical use when a vertical alignment mode
liquid crystal display device is viewed from an oblique
direction, have found that the retardation in the thickness
direction of the base films does not always function as
equally as each of the retardation in the thickness direction
of the first phase difference film and the retardation in the
thickness direction of the second phase difference film.
Specifically, the inventors have found to complete the
present invention that: when the retardation in the in-plane
direction of the first phase difference film with a positive
uniaxial anisotropy is set so that the contrast becomes the
maximum, the dependency of the retardation Rp on the
retardation in the thickness direction of the base films,
reverses depending on whether the retardation of the liquid
crystal is over 360 [nm], and it is possible to effectively
suppress the coloring and tone degradation by setting the
retardations to fall within a predetermined range with ref-
erence to such retardations that the contrast becomes the
maximum.

In the liquid crystal display device of the present
invention, the retardations Rp and Rn are set according to
the retardation Rtac in the thickness direction of the base
films and the retardation Rlc in the thickness direction of the
liquid crystal, and the retardations Rp and Rn are set to fall
within the range where the coloring and tone degradation
can be tolerated, while maintaining a contrast at a suffi-
ciently high value in practical use when viewed from an
oblique direction. With this arrangement, unlike the arrange-
ment in which the retardation in the thickness direction of
the base films is treated equally to the retardation in the
thickness direction of the first phase difference film and the
retardation in the thickness direction of the second phase
difference film, it is possible to surely obtain a liquid crystal
display device which can maintain a contrast at a sufficiently
high value in practical use when viewed from the oblique
direction and limit the coloring and tone degradation within
allowable limits.

In the case where the improvement in productivity is
especially required, in addition to the above arrangement, it
is desirable that the retardation Rle in the thickness direction
of the liquid crystal is set to fall in the range from 324 [nm]
10 396 [nm], and the retardation Rp in the in-plane direction
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4
of the first phase difference film is set to fall within a range
from 30.7 [nm] to 41.7 [am].

If the retardation Rlc is set to fall within the foregoing
range, the dependency of the retardation Rp on the retarda-
tion in the thickness direction of the base films is small.
Therefore, even in the case where the variations of the base
films caused in the manufacturing process varies the retar-
dation in the thickness direction of the base films, the
retardation Rp can be set to fall within the range from 80%
to 120% of the parameter o by setting the retardations Rlc
and Rp to be in the foregoing ranges. As a result of this, even
in the case where the retardation in the thickness direction of
the base films varies, it is possible to use the same first phase
difference film, thus improving the productivity.

Further, in the case where the suppression of coloring and
tone degradation is especially required, in addition to the
above arrangement, it is desirable that the retardation Rp is
set to fall within the range from not less than 90% to not
more than 110% of the parameter o, and the retardation Rn
is set to fall within the range from not less than 65% to not
more than 85% of the parameter . With this arrangement,
it is possible to obtain a liquid crystal display device which
can further suppress the coloring and tone degradation when
viewed from an oblique direction.

Still further, in the case where both the suppression of
coloring and tone degradation and the improvement in
productivity are especially required, it is desirable that the
retardation Rlc in the thickness direction of the liquid crystal
is set to fall within the range from 342 [nm]to 378 [nm], and
the retardation Ryp in the in-plane direction of the first phase
difference film is set to fall within the range from 33.3 [nm]
to 38.6 [nm].

If the retardations Rlc and Rp are set to fall within the
foregoing ranges, the retardation Rp can be set to fall within
the range from 90% to 110% of the parameter a even in the
case where the variations of the base films caused in the
manufacturing process varies the retardation in the thickness
direction of the base films. As a result of this, even in the
case where the retardation in the thickness direction of the
base films varies, it is possible to use the same first phase
difference film, thus improving the productivity.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram showing the main arrange-
ment of a liquid crystal display device according to an
embodiment of the present invention.

FIG. 2 is a schematic diagram showing a liquid crystal
cell provided in the liquid crystal display device in the state
where no voltage is applied.

FIG. 3 is a schematic diagram showing a liquid crystal
cell provided in the liquid crystal display device in the state
where a voltage is applied.

FIG. 4 is a plan view showing the vicinity of a pixel
electrode in an arrangement example of the liquid crystal
cell.

FIG. § shows preferable ranges for retardation in the
in-plane direction of a positive uniaxial film and retardation
in the thickness direction of a negative uniaxial film which
are provided in the liquid crystal display device, where the
retardations are expressed by relative values to the respec-
tive parameters.

FIG. 6 shows experimental results of optimal values for
the retardations with respect to the combination of a liquid
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crystal cell with a polarizing plate in an example of the
present invention.

FIG. 7 shows a contrast evaluation method in a liquid
crystal display device.

FIG. 8 is a schematic diagram showing the main arrange-
ment of a liquid crystal display device according to another
embodiment of the present invention.

FIG. 9 shows preferable ranges for retardations in the
in-plane direction and thickness direction of a biaxial film
which is provided in the liquid crystal display device, where
the retardations are expressed by relative values to the
respective parameters.

FIG. 10 is a schematic diagram showing the main arrange-
ment of a liquid crystal display device which is a modified
example of the foregoing liquid crystal display device.

FIG. 11 shows experimental results of optimal values for
the retardations with respect to the combination of a liquid
crystal cell with a polarizing plate in an example of the
present invention.

FIG. 12 is a perspective view showing a pixel electrode of
a liquid crystal cell in another arrangement example of the
foregoing liquid crystal display devices.

FIG. 13 is a plan view showing the vicinity of a pixel
electrode in a liquid crystal cell in still another arrangement
example of the foregoing liquid crystal display devices.

FIG. 14 is a perspective view showing a pixel electrode of
a liquid crystal cell in yet another arrangement example of
the foregoing liquid crystal display devices.

FIG. 15 is a perspective view showing a pixel electrode
and a counter electrode of a liquid crystal cell in still another
arrangement example of the foregoing liquid crystal display
devices.

FIG. 16 is a schematic diagram showing the main arrange-
ment of a liquid crystal display device with a conventional
art.

FIG. 17 is a schematic diagram showing the main arrange-
ment of a liquid crystal display device with another con-
ventional art.

BEST MODE FOR CARRYING OUT THE
INVENTION
[First Embodiment]

Referring to FIGS. 1 to 7, the following will explain one
embodiment of the present invention. Note that, as described
in detail later, the present invention can be applied to other
liquid crystal cell; however, the following will explain a
multi-domain vertical alignment liquid crystal cell as one
preferable example of a liquid crystal cell.

Aliquid crystal display device 1 according to the present
embodiment, as shown in FIG. 1, has a layer structure,
including a vertical alignment (VA) mode liquid crystal cell
11, polarizing plates 12 and 13 which are respectively
disposed so as to sandwich the liquid crystal cell 11
therebetween, a positive uniaxial film (first phase difference
film) 14 which is disposed between the polarizing plate 12
and the liquid crystal cell 11, and a negative uniaxial film
(second phase difference film) 15 which is disposed between
the positive uniaxial film 14 and the polarizing plate 12.

The liquid crystal cell 11, as shown in FIG. 2, includes: a
TFT (Thin Film Transistor) substrate 11a provided with a
pixel electrode 21a corresponding to a pixel (described
later); a counter substrate 11b provided with a counter
electrode 21b; and a liquid crystal layer 11c, sandwiched
between the substrates 11g and 11b, which is a nematic
liquid crystal with negative dielectric anisotropy. Note that,
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6

the liquid crystal display device 1 according to the present
embodiment is capable of color display, and a color filter
including the colors of pixels is formed on the counter
substrate 11b.

Further, under the TFT substrate 11a provided with the
pixel electrode 214, a vertical alignment film 224 is formed
on one side surface of the liquid crystal layer 11¢. Similarly,
under the counter substrate 115 provided with the counter
electrode 215, a vertical alignment film 22b is formed on the
other side surface of the liquid crystal layer 11c. With this
arrangement, in the state where a voltage is not applied
between the two electrodes 21a and 21b, liquid crystal
molecules M in the liquid crystal layer 1lc, which is
disposed between the two substrates 1la and 11b, are
oriented vertically to the surfaces of the substrates 11a and
11b. On the other hand, when a voltage is applied between
the two electrodes 21¢ and 215, the liquid crystal molecules
M in the state of being oriented in the normal direction to the
substrates 11¢ and 11b (in the state where no voltage is
applied) tilt at a tilt angle depending on the applied voltage
(see FIG. 3). Note that, the two substrates 11z and 11b are
opposed to each other, so that the normal direction and
in-plane direction with respect to the substrates 11a and 11b
are hereinafter referred to just as normal direction and
in-plane direction, except for the case where they are
required to be distinguished.

Here, the liquid crystal cell 11 according to the present
embodiment is a multi-domain vertical alignment liquid
crystal cell in which each pixel is divided into a plurality of
regions (domains), and is controlled so that the domains
have mutually different orientation directions, i.e. azimuths
of the liquid crystal molecules M tilted when a voltage is
applied (in-plane components at a tilt angle).

More specifically, as shown in FIG. 4, the pixel electrode
21a has protrusions 23a formed thereon in a stripe pattern,
and each of the protrusions 23a zigzags appropriately at
right angles in the in-plane direction with a mountain shape
in cross-section. Similarly, the counter electrode 215 has
protrusions 23b formed thereon in a stripe pattern, and each
of the protrusions 23b zigzags appropriately at right angles
in the in-plane direction with a mountain shape in the normal
direction. The two protrusions 23¢ and 23b in the in-plane
direction are disposed at such a distance that the normal to
the slope of the protrusion 23a is substantially equal to the
normal to the slope of the protrusion 23b. Further, the
protrusions 23a and 23b are formed by the application of a
photosensitive resin on the pixel electrode 21a and the
counter electrode 21b, respectively, and the process of
photolithography.

Here, the liquid crystal molecules near the protrusions
23a are oriented so as to be vertical to the slopes of the
protrusions 23. In addition, when a voltage is applied, the
electric field near the protrusions 23a tilts so as to be parallel
to the slopes of the protrusions 23a. Here, the long axes of
the liquid crystal molecules tilt in the vertical direction with
respect to the electric field. According to the continuity of
liquid crystal, the liquid crystal molecules away from the
slopes of the protrusions 23 are oriented as well in the same
direction as the direction in which the liquid crystal mol-
ecules near the slopes of the protrusions 23« tilt. Similarly,
when a voltage is applied, the electric field near the protru-
sions 23b tilts so as to be parallel to the slopes of the
protrusions 23b. Here, the long axes of the liquid crystal
molecules tilt in the vertical direction with respect to the
electric field. According to the continuity of liquid crystal,
the liquid crystal molecules away from the slopes of the
protrusions 23 are oriented as well in the same direction as
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the direction in which the liquid crystal molecules near the
slopes of the protrusions 23b tilt.

Conscquently, as to the protrusions 23¢ and 23b, when
parts except for a corner part C are referred to as line parts,
in the region between a line part 1.23a of the protrusion 23«
and a line part 1.23b of the protrusion 23b, in-plane com-
ponent as the orientation direction of the liquid crystal
molecules when a voltage is applied is equal to that in the
direction from the line part 1.23a to the line part 1235.

Here, in the protrusions 23a and 23b, the corner part C
bends approximately at right angles. Therefore, the orienta-
tion directions of the liquid crystal molecules are divided
into four parts in a pixel, and this can form domains D1 to
D4 of mutually different orientation directions of the liquid
crystal molecules in the pixel.

On the other hand, the polarizing plates 12 and 13 shown
in FIG. 1 are respectively provided with polarizing films 12«
and 13¢ and triacetyl cellulose (TAC) films 12b and 13b as
base films for holding the polarizing films 12a and 13a. The
two TAC films 125 and 13b have negative optically uniaxial
anisotropy, and the respective optical axes are set so as to be
substantially equal to the normal direction of the liquid
crystal cell 11. The two polarizing plates 12 and 13 are
disposed so that an absorption axis AA12 of the polarizing
plate 12 is orthogonal to an absorption axis AA13 of the
polarizing plate 13. Further, the two polarizing plates 12 and
13 are disposed so that each of the absorption axes AA12
and AA13 forms an angle of 45 degrees with the in-plane
component in the orientation direction of the liquid crystal
molecules in each of the domains D1 to D4 when a voltage
is applied.

Further, the positive uniaxial film 14, which is layered on
one surface of the liquid crystal cell 11, is an optically
anisotropic film having the property of nxp>nyp=nzp, where
nxp and nyp are refractive indexes in the in-plane direction
of the film, and nzp is a refractive index in the normal
direction. Let a film thickness be dp, retardation Rp in the
in-plane direction can be calculated by the following expres-
sion (1):

Rp=dp-(nxp-nyp) (@

Further, the positive uniaxial film 14 is disposed so that its
retardation axis SL14 is orthogonal to the absorption axis
AA12 of the polarizing plate 12 at the same side when
viewed from the liquid crystal cell 11.

Meanwhile, the negative uniaxial film 13, which is lay-
ered on the other surface of the liquid crystal cell 11, is an
optically anisotropic film having the property of nxn=
nyn>nzn, where nxn and nyn are refractive indexes in the
in-plane direction of the film, and nzn is a refractive index
in the normal direction. Let a film thickness be dn, retarda-
tion R in the thickness direction can be calculated by the
following expression (2):

Rn=dn-{(roam+myn)/2-nzn} 2.
Further, the negative uniaxial film 15 is disposed so that its
optical axis is substantially equal to the normal direction of
the liquid crystal cell 11.

With the above-arranged liquid crystal display device 1,
while a voltage is applied-between the pixel electrode 21a
and the counter electrode 21b, the liquid crystal molecules
in the liquid crystal cell 11, as shown in FIG. 3, are obliquely
oriented to the normal direction just at the angle depending
on the applied voltage. This brings a phase difference
depending on the applied voltage to light passing through
the liquid crystal cell 11.
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Here, the absorption axes AA12 and AA13 of the polar-
izing plates 12 and 13 are disposed so as to be orthogonal to
each other. As described in detail later, the positive uniaxial
film 14 and negative uniaxial film 15 are arranged so as to
compensate the phase difference that the liquid crystal cell
11 brings to transmitting light in the case where the liquid
crystal molecules in the liquid crystal cell 11 are oriented in
the normal direction, as shown in FIG. 2.

Therefore, light incident to a polarizing plate on the side
from where the light emits (e.g. the polarizing plate 12) turns
elliptically polarized light depending on the phase difference
that the liquid crystal cell 11 brings, and a part of the incident
light passes through the polarizing plate 12. As a result of
this, the amount of light emitted from the polarizing plate 12
can be controlled in accordance with the applied voltage.
This makes it possible to display with gradations.

Further, the liquid crystal cell 11 has-domains D1 to D4
formed of mutually different orientation directions of the
liquid crystal molecules in a pixel. Therefore, even in the
case where the liquid crystal molecules cannot bring phase
difference to transmitting light when the liquid crystal cell 11
is viewed from the direction which is parallel to the orien-
tation direction of liquid crystal molecules which belong to
a certain domain (e.g. the domain D1), the liquid crystal
molecules in the rest of domains (the domains D2 to D4 in
this case) can bring phase difference to transmitting light.
Thus, the domains can optically compensate with one
another. As a result of this, it is possible to improve a display
quality level of the liquid crystal cell 11 and to increase a
viewing angle when viewed from an oblique direction.

On the other hand, while a voltage is not applied between
the pixel electrode 21a and the counter electrode 21b, the
liquid crystal molecules in the liquid crystal cell 11, as
shown in FIG. 2, are in the state of being oriented vertically.
In this state (when no voltage is applied), the light incident
from the normal direction to the liquid crystal cell 11, which
cannot be brought phase difference by the liquid crystal
molecules, passes through the liquid crystal cell 11, main-
taining a polarized state. As a result of this, light incident to
a polarizing plate on the side from where the light emits (e.g.
the polarizing plate 12) turns linearly polarized light which
is substantially parallel to the absorption axis AA12 of the
polarizing plate 12 and cannot pass through the polarizing
plate 12. This allows the liquid crystal display device 1 to
display black image.

Here, to the light incident from an oblique direction to the
liquid crystal cell 11, brought by liquid crystal molecules is
the phase difference depending on the angle between the
incident light and the orientation direction of the liquid
crystal molecules, that is, the angle (polar angle) between
the incident light and the normal direction to the liquid
crystal cell 11. Therefore, without the positive uniaxial film
14 and the negative uniaxial film 15, the light incident to the
polarizing plate 12 turns elliptically polarized light depend-
ing on the polar angle, and a part of the polarized light passes
through the polarizing plate 12. This results in the occur-
rence of light leakage even in the state where the liquid
crystal molecules are oriented vertically to display black
image, which could degrade display contrast and cause the
coloring and tone degradation.

However, with the arrangement shown in FIG. 1 in which
the positive uniaxial film 14 and the negative uniaxial film
15 are provided, if the respective retardations are properly
set, the phase difference brought depending on the polar
angle by the liquid crystal cell 11 can be cancelled. As a
result of this, it is possible to prevent light leakage, thus
enhancing the contrast and suppressing the occurrence of
coloring and tone degradation when viewed from an oblique
direction.
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Here, in the liquid crystal display device 1 according to
the present embodiment, the respective retardations of the
positive uniaxial film 14 and the negative uniaxial film 15
are set as described below, in order to attain a liquid crystal
display device which characterizes excellent color and
gradation, maintaining a sufficiently high contrast in prac-
tical use, as a display quality level when viewed obliquely;
more specifically, in order to attain a liquid crystal display
device such that a viewer hardly perceives the coloring and
tone degradation when viewing from an oblique direction,
keeping the contrast of a sufficiently high value of 10 or
more in practical use when viewed from an oblique direc-
tion.

Specifically, when retardation Rtac [nm] in the thickness
direction of the TAC films 12b and 13b and a parameter ol
[om] in relation to the retardation Rp are expressed by the
following expression (3):

a1=35+(RIc/80-4)’x3.5+(360-Rlc)xRtac/850 3),
the retardation Rp in the in-plane direction of the positive
uniaxial film 14 is set to fall within the range of not less than
80% to more than 120% of the parameter al.

Further, when retardation Rle [nm] in the thickness direc-
tion of the Liquid crystal ¢ell 11 and a parameter f1 [am] in
relation to the retardation Rn are expressed by the following
expression (4):

B1=Ric-1.9xRtac @),
the retardation Rn in the thickness direction of the negative
uniaxial film 15 is set to fall within the range of not less than
60% to not more than 90% of the parameter f1.

Thus, by setting the retardations Rp and Rn to be in the
range Al shown in FIG. § with reference to the parameters
al and {1, it is possible to surely attain the liquid crystal
display device 1 with such an excellent viewing angle
property that a viewer hardly perceives the coloring and tone
degradation when viewing from an oblique direction, main-
taining the contrast of a sufficiently high value of 10 or more
in practical use when viewed from an oblique direction.

Further, less coloring and tone degradation found by the
viewer occur in the inner part than in the peripheral part of
the range Al. Especially, as in a range A2 shown in FIG. 5,
by setting the retardation Rp to fall within the range from not
less than 90% to not more than 110% of the parameter ol
as well as by setting the retardation Rn to fall within the
range from not less than 65% to not more than 85% of the
parameter 1, it is possible to realize the liquid crystal
display device 1 with more excellent viewing angle property.

Note that, when the retardations Rp and Rn are set to fall
with the range A2, the improvement in the coloring and tone
degradation more than that obtained when those are set to
fall within the range Al is not recognized by the viewer, and
the improvement in the coloring and tone degradation is
substantially saturated. Therefore, by setting the retardations
Rp and Rn to be in the range A2, it is possible to realize the
liquid crystal display device 1 with such an excellent display
quality level. Further, when the retardations Rp and Rn are
respectively set to the same values of the parameters al and
B1, the contrast when viewed from an oblique direction
becomes the maximum. Still further, the retardations Rp and
Rn respectively set to the values ranging from 80% to 120%
of the parameter a1 and 85% to 90% of the parameter 1 can
suppress the occurrence of the coloring and tone degradation
within allowing limits as well as enhance the contrast, as
compared with the case where the retardations Rp and Rn
are set to fall within the range A2.
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Here, as obvious from the expression (5), the increase or
degrease in the optimal value of the retardation Rp in the
in-plane direction of the positive uniaxial film 14 according
to the retardation Rtac in the thickness direction of the TAC
films 12b and 13b varies depending on the retardation Rlc in
the thickness direction of the liquid crystal cell 11. On the
border of the retardation Rle of 360 [nm] of the liquid crystal
cell 11, dependency of the optimal retardation Rp on the
retardation Rtac is reversed.

Therefore, by setting the retardation Rlc in the thickness
direction of the liquid crystal cell 11 to 360 [nm], it is
possible to fix the retardation Rp in the in-plane direction of
the positive uniaxial film 14 to 35.9 [nm] regardless of the
retardation Riac.

Further, in the case where the retardation Rle 1s in the
range from 324 [nm] to 396 [nm] and the retardation Rp is
in the range from 30.7 [nm] to 41.7 [nm], the retardation Rp
is within the range from 80% to 120% of the parameter ol
under the condition that the retardation Rtac is a general
value, i.e. approximately 30 [nm] to 80 [nm]. As a result of
this, by setting the retardation Rn to be 60% to 90% of the
parameter [}1, it is possible to surely attain the liquid crystal
display device 1 with such an excellent viewing angle
property that a viewer hardly perceives the coloring and tone
degradation when viewing from an oblique direction, main-
taining the contrast of a sufficiently high value of 10 or more
in practical use when viewed from an oblique direction.

Therefore, in the case where it is placed importance on the
improvement in productivity, it is desirable that the retar-
dation Rlc in the thickness direction of the liquid crystal cell
11 is set to fall within the range from 324 [nm] to 396 [nm],
and the retardation Rp in the in-plane direction of the
positive uniaxial film 14 is set to fall within the range from
30.7 [am] to 41.7 [am].

According to this, even in the case where the retardation
Rtac changes depending on the variations of the TAC films
12b and 13b caused in, the manufacturing process, it is
possible to realize the liquid crystal display device 1b with
such an excellent viewing angle property as described
above, using the positive uniaxial film 14 with the same
value of the retardation Rp in the in-plane direction. As a
result of this, even in the case of the variations of the TAC
films 126 and 13b caused in the manufacturing process, it is
possible to fix a type of the positive uniaxial film 14, thus
improving the productivity.

Further, in the case where it is placed importance on both
the improvement in productivity and more excellent viewing
angle property, it is desirable that the retardation Rlc is set
to fall within the range from 342 [nm] to 378 [nm], and the
retardation Rp is set to fall within the range from 33.3 [nm]
to 38.6 [nm]. In this case, the retardation Rp is within the
range from 90% to 110% of the parameter ol under the
condition that the retardation Rtac is a general value, i.e.,
approximately 30 [nm] to 80 [nm]. Therefore, by setting the
retardation Rn to fall within the range from 65% to 85% of
the parameter 1, it is possible to realize the liquid crystal
display device 1 having values within the range A2, i.¢., the
liquid crystal display device 1 with an extremely excellent
viewing angle property. Also in this case, even in the case
where the retardation Rtac varies depending on the varia-
tions of the TAC films 12b and 13b caused in the manufac-
turing process, it is possible to fix a type of the positive
uniaxial film 14, thus improving the productivity.

EXAMPLE 1

In the present example, as the liquid crystal cell 11
prepared were liquid crystal cells with a refractive index
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anisotropy An of 0.08 each in the liquid crystal layer 1lc,
and respective thicknesses (cell thickness dlc) of 3.0 [um],
4.0 [um], and 5.0 [um], i.e., liquid crystal cells with respec-
tive retardations Rle (=dlc:An) in the thickness direction of
240 [nm], 320 [nm], and 400 [nm]. Also, as TAC films 125
and 13b prepared were TAC films with respective retarda-
tions Rtac in the thickness direction of 0 [nm], 30 [nm], 50
[om], and 80 [am]. Further, for all combinations of the liquid
crystal cells 11 with the TAC films 12b and 135 calculated
were the respective retardations Rp and Rn where the
contrast when viewed from an oblique direction became the
maximum. As a result of this, the experimental result shown
in FIG. 7 could be obtained.

Note that, a viewing angle in the case where the liquid
crystal device 1 is actually used is an angle (polar angle)
from the normal to the liquid crystal cell 11 in the range from
0 degree to 60 degrees. Because the increase of the polar
angle degrades the contrast, the contrast was measured from
the direction in which the polar angle is 60 degrees, as
shown in FIG. 7. Further, the contrast was measured at an
azimuth (in-plane direction) of 45 degrees with reference to
the absorption axes AA12 and AA13 of the polarizing films
124 and 13a because the contrast becomes the minimum at
the azimuth of 45 degrees with reference to the absorption
axes AA12 and AA13.

As result of this, in the arrangement in which the positive
uniaxial film 14 was layered between the negative uniaxial
film 15 and the liquid crystal cell 11, as shown in FIG. 1, it
was confirmed that the liquid crystal display device 1 with
the maximum contrast could be attained under the condition
that the retardation Rp in the in-plane direction of the
positive uniaxial film 14 was equal to the foregoing param-
eter ol and the retardation Rn in the thickness direction of
the negative uniaxial film 15 was equal to the foregoing
parameter 1. Further, the foregoing expressions (3) and (4)
could be calculated from the experimental result.

Further, it was confirmed that in the case of the liquid
crystal cells 11 prepared above, using the above-prepared
general TAC films 12b and 13b (Rtac=30, 50, 80 [nm]), the
optimal value of the retardation Rp in the in-plane direction
of the positive uniaxial film 14 was from 35 to 49 [nm], and
in the case where the thickness of the liquid crystal cell 11
was 3.0 [um] and 4.0 [um)], that is, in the case where the
retardation Rlc in the thickness direction of the liquid crystal
cell 11 was 240 [nm] and 320 [nm], the optimal value of the
retardation Rp increased with the increase in the retardation
Rtac. It was also confirmed that in the case where the
thickness of the crystal cell 11 was 5.0 [um] (the retardation
Rle was 400 [nm]), the optimal value of the retardation Rp
decreased with the increase in the retardation Rtac.

Further, by setting the retardation Rle in the thickness
direction of the liquid crystal cell 11 to 360 [nm], it was
confirmed that the retardation Rp where the contrast became
the maximum when viewed from the foregoing oblique
direction is approximately constant in spite of the change in
the retardation Rtac.

In addition, with changes in the retardations Rp and Rn by
5% each at a time, a viewer from the oblique direction
estimated the coloring and tone degradation caused in each
of the liquid crystal display devices 1. Specifically, the
viewer from the oblique direction judged, as the presence or
absence of a coloring phenomenon, whether there occurred
the phenomenon that white shifted to yellow or a bluish
color, and judged, as the presence or absence of tone
degradation, whether there occurred the phenomenon that
tone degradation in bright regions deteriorated the expres-
siveness of images.
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According to this judgment, it was confirmed that even in
the case where the retardation Rlc in the thickness direction
of the liquid crystal cell 11 and the retardation Rtac of the
TAC films 12b and 13b had any of the foregoing values, the
contrast from the oblique direction (at the polar angle of 60
degrees) was above 10, maintaining a sufficient contrast in
practical use, under the condition that the retardation Rp was
a value of not less than 80% nor more than 120% of the
parameter o1, and the retardation Rn was a value not less
than 60% nor more than 90% of the parameter $1. Further,
it was confirmed that when the retardations Rp and Rn were
set to the foregoing ranges, the liquid crystal display device
1 indicated such an excellent viewing angle property that the
viewer hardly perceived the coloring and tone degradation
when viewing from the oblique direction. Further, in the
case where the retardation Rp was smaller than 80% or
greater than 120% of the parameter o1, and in the case
where the retardation Rn was smaller than 60% or greater
than 90% of the parameter p1, it was clearly confirmed by
the viewer from the oblique direction that there occurred the
coloring phenomenon that white shifted to yellow or a bluish
color, or the phenomenon that tone degradation in bright
regions deteriorated the expressiveness of images, and it was
confirmed as well that the coloring and tone degradation was
not tolerable for the viewer.

In addition, it was confirmed that even in the case where
the retardation Rlc in the thickness direction of the liquid
crystal cell 11 and the retardation Rtac of the TAC films 12b
and 13b had any of the foregoing values, less coloring and
tone degradation was found by the viewer from the oblique
direction under the condition that the retardation Rp was a
value not less than 90% nor more than 110% of the param-
eter a1 and the retardation Rn was a value not less than 65%
nor more than 85% of the parameter 1 than the condition
that the retardation Rp was a value ranging from 80% to
90% or from 110% to 120% of the parameter a1 and the
retardation Rn was a value ranging from 60% to 65% or
from 85% to 90% of the parameter f1.

Under the condition that the retardation Rp was a value
not less than 90% not more than 110% of the parameter ol
and the retardation Rn was a value not less than 65% nor
more than 85% of the parameter 1, it was confirmed that
the effect of the improvement in the coloring and tone
degradation was substantially saturated, and a plurality of
liquid crystal display devices 1 with the respective Rp and
Rn set to the above range could obtain similarly excellent
display quality level so that the viewer from the oblique
direction could not recognize the differences in the coloring
and tone degradation from the liquid crystal display devices
1.

Note that, it was confirmed that the center value of the
retardation Rp in the range A2 was a value of 100% of the
retardation Rp that maximized the contrast from the oblique
direction (=the parameter al) (a value equal to the param-
eter al). Meanwhile, it was also confirmed that the center
value of the retardation Rn in the range A2 was 75% of the
retardation Rn that maximized the contrast from the oblique
direction (=the parameter 1), and the coloring phenomenon
and the tone degradation could be improved under the
condition that the retardation Rn in the thickness direction of
the negative uniaxial film 15 was set to be a value smaller
than the parameter f1 where the contrast became the opti-
mal.

Also, it was confirmed that the condition that the retar-
dation Rp was set to fall within the range from 80% to 120%
of the parameter a1, and the retardation Rn was set to fall
within the range from 85% to 90% of the parameter 1 could
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limit the coloring and tone degradation within allowable
limits as well as enhance the contrast, as compared with the
condition set to fall within the range A2.

Further, by setting the retardation Rlc of the liquid crystal
cell 11 to be in the range from 324 [nm] to 396 [nm] and
setting the retardation Rp in the in-plane direction of the
positive uniaxial film 14 to be in the range from 30.7 [nm]
to 41.7 [nm], it was confirmed that the contrast when the
liquid crystal display device 1 was viewed from an oblique
direction was above 10 under the condition that the retar-
dation Rtac was a general value, and that the viewer from the
oblique direction hardly perceives the coloring and tone
degradation. Also, it was confirmed that in terms of coloring
and tone degradation, the viewer from an oblique direction
could not recognize the differences from the liquid crystal
display devices 1 with the values of the retardations Rp and
Rn within the range A2 under the condition that the retar-
dation Rlc was in the range from 342 [nm] to 378 [nm], and
the retardation Rp was in the range from 33.3 [nm] to 38.6
[om].

[Second Embodiment]

Aliquid crystal display device 1a according to the present
embodiment has an arrangement similar to that of the liquid
crystal display device 1 shown in FIG. 1. However, instead
of the positive uniaxial film 14 and the negative uniaxial film
15, a biaxial film (phase difference film) 16 is layered
between the liquid crystal cell 11 and the polarizing plate 12
shown in FIG. 8.

The biaxial film 16 is an optically anisotropic film having
the property of nx2>ny2>nz2, where nx2 and ny2 are
refractive indexes in the in-plane direction of the film, and
nz2 is a refractive index in the normal direction. Let a film
thickness be d2, retardation Rxy in the in-plane direction and
retardation Rz in the thickness direction can be calculated by

the following respective expressions (5) and (6):
Ray=d2-(nx2-ny2) 5
Rz=d2-{(nx2+my2)/2-nz2} (6)

Further, the biaxial film 16 is disposed so that its in-plane
retardation axis SL16 is orthogonal to the absorption axis
AA12 of the polarizing plate 12 at the same side when
viewed from the liquid crystal cell 11.

Also in such a case, in the case where a liquid crystal cell
11 in which liquid crystal molecules are vertically oriented
is viewed from an oblique direction, the biaxial film 16
compensates the phase difference that the liquid crystal cell
11 brings to transmitting light. Therefore, if the retardation
of the biaxial film 16 is properly set, the contrast when
viewed from an oblique direction can be enhanced.

Further, in the liquid crystal display device 1a according
to the present embodiment, the retardation of the biaxial film
16 is set as described below, in order to attain a liquid crystal
display device which characterizes excellent color and
gradation, maintaining a sufficiently high contrast in prac-
tical use, as a display quality level when viewed obliquely;
more specifically, in order to attain a liquid crystal display
device such that a viewer hardly perceives the coloring and
tone degradation when viewing from an oblique direction,
keeping the contrast of a sufficiently high value of 10 or
more in practical use when viewed from an oblique direc-
tion.

Specifically, when retardation Rtac [nm] in the thickness
direction of the TAC films 12b and 13b and a parameter a2
[nm] in relation to the retardation Rxy in the in-plane
direction are expressed by the following expression (7):

02-85-0.09xRle-Riac/20 m,
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the retardation Rxy in the in-plane direction of the biaxial
film 16 is set to fall within the range from not less than 80%
to not more than 120% of the parameter a2.

Further, when retardation Rle [nm] in the thickness direc-
tion of the liquid crystal cell 11 and a parameter f2 [am] in
relation to the retardation Rz are expressed by the following
expression (8):

(2=1.05xRic-1.9xRrac ®,

the retardation Rz in the thickness direction of the biaxial
film 16 is set to fall within the range from not less than 60%
to not more than 90% of the parameter 2.

Thus, by setting the retardations Rxy and Rz to fall within
the range Al shown in FIG. 9 with reference to the param-
eters o2 and P2, it is possible to surely attain the liquid
crystal display device la with such an excellent viewing
angle property that a viewer hardly perceives the coloring
and tone degradation when viewing from an oblique
direction, maintaining the contrast of a sufficiently high
value of 10 or more in practical use when viewed from an
oblique direction.

Further, less coloring and tone degradation found by the
viewer occur in the inner part than in the peripheral part of
the range Al. Especially, as in the range A2 shown in FIG.
9, by setting the retardation Rxy to be not less than 90% nor
more than 110% of the parameter o2 as well as by setting the
retardation Rz to fall within the range from not less than
65% to not more than 85% of the parameter 2, it is possible
to realize the liquid crystal display device la with more
excellent viewing angle property.

Note that, when the retardations Rxy and Rz are set to fall
within the range A2, the improvement in the coloring and
tone degradation more than that obtained when those are set
to fall within the range A1 is not recognized by the viewer,
and the improvement in the coloring and tone degradation-is
substantially saturated. Therefore, by setting the retardations
Rxy and Rz to be in the range A2, it is possible to realize the
liquid crystal display device 1a with such an excellent
display quality level. Further, when the retardations Rxy and
Rz are respectively set to the same values of the parameters
a2 and P2, the contrast when viewed from an oblique
direction becomes the maximum. Still further, the retarda-
tions Rxy and Rz respectively set to the values ranging from
80% to 120% of the parameter a2 and 85% to 90% of the
parameter $2 can suppress the occurrence of the coloring
and tone degradation within allowable limits as well as
enhance the contrast, as compared with the case where the
retardations Rxy and Rz are set to fall within the range A2.

As a liquid crystal display device 1b shown in FIG. 10,
biaxial films 16a and 16b into which the biaxial film 16
shown in FIG. 8 is divided may be disposed on the two sides
of the liquid crystal cell 11, respectively. Note that, in this
case, the biaxial films 16a and 16b respectively correspond
to first and second phase difference films recited in the
claims.

In this case, the biaxial film 164 is disposed so that its
retardation axis SL.16a in the in-plane direction is orthogo-
nal to the absorption axis AA12 of the polarizing plate 12 at
the same side when viewed from the liquid crystal cell 11.
Similarly, the biaxial film 164 is disposed so that its retar-
dation axis SL16b is orthogonal to the absorption axis AA13
of the polarizing plate 13 at the same side when viewed from
the liquid crystal cell 11. Also in this case, the same effect
can be obtained by setting each of the retardations Rxya and
Rxyb in the in-plane direction of the respective biaxial films
164 and 165 to be half of the retardation Rxy in the in-plane
direction of the biaxial film 16 and setting each of the
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retardations Rza and Rzb in the thickness direction of the
respective biaxial films 164 and 165 to be half of the
retardation Rz in the thickness direction of the biaxial film
16.

Specifically, when retardation Rtac [nm] in the thickness
direction of the TAC films 12b and 13b and a parameter o3
[om] in relation to the retardations Rxya and Rxyb in the
in-plane direction are expressed by the following expression
(9):

03=42.5-0.045xRIc-Rtac/40 ©),
cach of the retardations Rxyva and Rxyb in the in-plane
direction of the respective biaxial films 16a and 16b are set
to fall within the range from not less than 80% to nor more
than 120% of the parameter o3.

Further, when retardation Rlc [nm] in the thickness direc-
tion of the liquid crystal cell 11 and a parameter f3 [nm] in
relation to the retardations Rza and Rzb are expressed by the
following expression (10):

$3=0.525xRIc-0.95xRtac (10),

each of the retardations Rza and Rzb in the thickness
direction of the respective biaxial films 16a and 16b are set
to fall within the range from not less than 60% to not more
than 90% of the parameter p3.

As in the case of the liquid crystal display device 1a, this
makes it possible to surely attain the liquid crystal display
device 1b with such an excellent viewing angle property that
a viewer hardly perceives the coloring and tone degradation
when viewing from an oblique direction, maintaining the
contrast of a sufficiently high value of 10 or more in practical
use when viewed from an oblique direction.

Further, as in the case of the liquid crystal display device
1a, less coloring and tone degradation found by the viewer
occur in the inner part than in the peripheral part of the range
Al. Especially, as in the range A2 shown in FIG. 9, by
setting the retardations Rxya and Rxyb to be not less than
90% nor more than 110% of the parameter a3 as well as by
setting the retardations Rza and Rzb to be not less than 65%
nor more than 85% of the parameter 3, it is possible to
realize the liquid crystal display device 1b with more
excellent viewing angle property.

Note that, as in the case of the liquid crystal display device
1a, when the retardations Rxya and Rxyb and the retarda-
tions Rza and Rzb are set to fall within the range A2, the
improvement in the coloring and tone degradation more than
that obtained when those are set to fall within the range Al
is not recognized by the viewer, and the improvement in the
coloring and tfone degradation is substantially saturated.
Therefore, by setting the retardations Rxya and Rxyb and the
retardations Rza and Rzb to be in the range A2, it is possible
to realize the liquid crystal display device 15 with such an
excellent display quality level. Further, when the retarda-
tions Rxya and Rxyb and the retardations Rza and Rzb are
respectively set to the same values of the parameters a3 and
B3, the contrast when viewed from an oblique direction
becomes the maximum. Still further, the retardations Rxya
and Rxyb and the retardations Rza and Rzb respectively set
1o the values ranging from 80% to 120% of the parameter a3
and 85% to 90% of the parameter 3 can suppress the
occurrence of the coloring and tone degradation within
allowable limits as well as enhance the contrast, as com-
pared with the case where the retardations Rxy and Rz are
set to fall within the range A2.

EXAMPLE 2

In the present example, the same liquid crystal cells 11
and the TAC films 12b and 13b were prepared as in the
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Example 1. For all combinations of the liquid crystal cells 11
with the TAC films 12b and 13b calculated were the respec-
tive retardations Rxy and Rz where the contrast when
viewed from the same oblique direction as that in Example
1 became the maximum. According to this, the experimental
result shown in FIG. 11 could be obtained.

As shown in FIG. 8, in the arrangement in which the
biaxial film 16 was layered between one of the polarizing
plates 12 and 13 (the polarizing plate 12 in FIG. 12) and the
liquid crystal cell 11, it was confirmed that the liquid crystal
display device 1a with the maximum contrast could be
attained under the condition that the retardation Rxy in the
in-plane direction of the biaxial film 16 was equal to the
foregoing parameter 2 and the retardation Rz in the thick-
ness direction of the biaxial film 16 was equal to the
foregoing parameter P2. Further, by approximating the
experimental result with a linear expression, the foregoing
expressions (7) and (8) could be calculated.

Further, it was confirmed that in the case of the liquid
crystal cells 11 prepared above, using the above-prepared
general TAC films 125 and 13b (Rtac=30, 50, 80 [nm]), the
optimal value of the retardation Rxy in the in-plane direction
was from 45 to 65 [nm], and although the retardation Rtac
was a retardation in the thickness direction, the retardation
Rtac was influential to the retardation Rxy in the in-plane
direction of the biaxial film 16, and it was impossible to
easily handle the influence of the TAC films 125 and 13b.

In addition, with changes in the retardations Rxy and Rz
by 5% each at a time, a viewer from the oblique direction
estimated the coloring and tone degradation caused in each
of the liquid crystal display devices 1. Specifically, the
viewer from the oblique direction judged, as the presence or
absence of a coloring phenomenon, whether there occurred
the phenomenon that white shifted to yellow or a bluish
color, and judged, as the presence or absence of tone
degradation, whether there occurred the phenomenon that
tone degradation in bright regions deteriorated the expres-
siveness of images.

According to this judgment, it was confirmed that even in
the case where the retardation Rlc in the thickness direction
of the liquid crystal cell 11 and the retardation Rtac of the
TAC films 12b and 13b had any of the foregoing values, the
contrast from the oblique direction (at the polar angle of 60
degrees) was above 10, maintaining a sufficient contrast in
practical use, under the condition that the retardation Rxy
was a value of not less than 80% nor more than 120% of the
parameter o2, and the retardation Rz was a value not less
than 60% nor more than 90% of the parameter $2. Further,
it was confirmed that when the retardations Rxy and Rz were
set to the foregoing ranges, the liquid crystal display device
1a indicated such an excellent viewing angle property that
the viewer hardly perceived the coloring and tone degrada-
tion when viewing from the oblique direction. Further, in the
case where the retardation Rxy was smaller than 80% or
greater than 120% of the parameter o2, and in the case
where the retardation Rz was smaller than 60% or greater
than 90% of the parameter P2, it was clearly confirmed by
the viewer from the oblique direction that there occurred the
coloring phenomenon that white shifted to yellow or a bluish
color, or the phenomenon that tone degradation in bright
regions deteriorated the expressiveness of images, and it was
confirmed as well that the coloring and tone degradation was
not tolerable for the viewer.

In addition, it was confirmed that even in the case where
the retardation Rlc in the thickness direction of the liquid
crystal cell 11 and the retardation Rtac of the TAC films 126
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and 13b had any of the foregoing values, less coloring and
tone degradation was found by the viewer from the oblique
direction under the condition that the retardation Rxy was a
value not less than 90% nor more than 110% of the param-
eter 02 and the retardation Rz was a value not less than 65%
nor more than 85% of the parameter 2 than the condition
that the retardation Rxy was a value ranging from 80% to
90% or from 110% to 120% of the parameter a2 and the
retardation Rz was a value ranging from 60% to 65% or
from 85% to 90% of the parameter f2.

Under the condition that the retardation Rxy was a value
not less than 90% not more than 110% of the parameter 0.2
and the retardation Rz was a value not less than 65% nor
more than 85% of the parameter 2, it was confirmed that
the effect of the improvement in the coloring and tone
degradation was substantially saturated, and a plurality of
liquid crystal display devices 1a with the respective Rxy and
Rz set to fall within the above range could obtain similarly
excellent display quality level so that the viewer from the
oblique direction could not recognize the differences in the
coloring and tone degradation from the liquid crystal display
devices la.

Note that, it was confirmed that the center value of the
retardation Rxy in the range A2 was a value of 100% of the
retardation Rxy that maximized the contrast from the
oblique direction (=the parameter o2) (a value equal to the
parameter @2). Meanwhile, it was also confirmed that the
center value of the retardation Rz in the range A2 was 75%
of the retardation Rz that maximized the contrast from the
oblique direction (=the parameter 2), and the coloring
phenomenon and the tone degradation could be improved
under the condition that the retardation Rz in the thickness
direction of the biaxial film 16 was set to be a value smaller
than the parameter f2 where the contrast became the opti-
mal.

Also, it was confirmed that the condition that the retar-
dation Rxy was set to fall in the range from 80% to 120%,
and the retardation Rz was set to fall in the range from 85%
1o 90% could suppress the coloring and tone degradation
within allowable limits as well as enhance the contrast, as
compared with the condition set to fall within the range A2.

Also in the arrangement in which the biaxial film 16 was
divided into two films, as the liquid crystal display device 1b
shown i FIG. 10, it was confirmed that even when the
retardations Rle and Rtac were any of the foregoing values,
each of the retardations Rxya, Rxyb, Rza, and Rzb for
obtaining the maximum contrast at the oblique viewing
angle (polar angle of 60 degrees) were half of the values in
the liquid crystal display device 1la shown in FIG. 11, and
that with reference to the parameters a3 and f3, instead of
a2 and B2, it is possible to obtain the same effect in the same
range as the liquid crystal display device 1a. Specifically, by
setting the retardations Rxya and Rxyb to be in the range
from 80% to 120% of the parameter o3 and setting the
retardations Rza and Rzb to be in the range from 60% to
90% of the parameter 3, it was confirmed that it is possible
to suppress the coloring and tone degradation within allow-
able limits when viewed at the oblique viewing angle (polar
angle of 60 degrees). Further, by setting the retardations
Rxya and Rxyb to be in the range from 90% to 110% of the
parameter o3 and setting the retardations Rza and Rzb to be
in the range from 65% to 85% of the parameter B3, it was
confirmed that the improvement in the coloring and tone
degradation is saturated at the oblique viewing angle, and it
is possible to obtain the liquid crystal display device 1b with
similarly excellent display quality level. Still further, by
setting the retardations Rxya and Rxyb to be in the range
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from 80% to 120% of the parameter a3 and setting the
retardations Rza and Rzb to be in the range from 85% to
90% of the parameter 3, it was confirmed that it is possible
to enhance the contrast, suppressing the coloring and tone
degradation within allowable limits when viewed at the
oblique viewing angle.

Note that, explained in the foregoing first and second
embodiments is the case where the orientation direction of
the liquid crystal molecules in the pixel is divided into four
directions in the liquid crystal cell 11 arranged as shown in
FIGS. 2 though 4. However, the present invention is not
limited to this. For example, other structures, such as struc-
tures shown in FIGS. 12 and 13, in which the orientation
direction is divided into four directions, can also obtain the
same effect.

More specifically, a liquid crystal cell using a pixel
electrode 21a shown in FIG. 12 is provided with a quadran-
gular pyramid-shaped protrusion 24 formed on the pixel
electrode 214, instead of the protrusions 23z and 23b shown
in FIG. 4. Note that, the protrusion 24, as the protrusions
23a, can be formed by the application of a photosensitive
resin on the pixel electrode 21a and the process of photo-
lithography.

Also in this arrangement, the liquid crystal molecules near
the protrusion 24 are oriented so as to be vertical to each of
the slopes. In addition, when a voltage is applied, the electric
filed in the part of the protrusion 24 tilts in the parallel
direction to the slope of the protrusion 24. As a result of
these, when a voltage is applied, the in-plane component of
the orientation angle in the liquid crystal molecules is equal
to the in-plane component in the normal direction to the
slope that is the nearest to the liquid crystal molecules
(directions P1, P2, P3 or P4). Therefore, the pixel region is
divided into four domains D1 to D4 of mutually different
orientation directions when the liquid crystal molecules tilt.
As a result of this, it is possible to obtain the same effect as
that of the liquid crystal cell 11 with the structure shown in
FIGS. 2 through 4.

Note that, in the case where a large-size liquid crystal
television such as a 40-inch liquid crystal television, for
example, is manufactured, the size of each pixel becomes as
large as 1 mm square, and one protrusion 24 alone provided
each on the pixel electrode 21a produces week orientation
control force, which may cause an unstable orientation.
Thus, as in this case, in the case where orientation control
force is insufficient, it is desirable that a plurality of protru-
sions 24 are provided on each of the pixel electrode 21a.

Further, a multi-domain vertical alignment can be also
realized with the arrangement in which an orientation con-
trol window 25 where Y-shaped slits are connected sym-
metrically in the up-and-down direction (the in-plane direc-
tion that is parallel to any of the sides of the substantially
square pixel electrode 21a) is provided on the counter
electrode 21b of the counter substrates 115, for example, as
shown in FIG. 13.

When a voltage is applied, the foregoing arrangement
does not produce enough electric field to tilt the liquid
crystal molecules in the region right below the orientation
control window 25, of the surface arca of the counter
substrate 115, and the liquid crystal molecules are vertically
oriented. On the other hand, in the region surrounding the
orientation control window 25, of the surface area of the
counter substrate 115, as it goes close to the counter sub-
strate 115, an electric field spreads so as to escape from the
orientation control window 25. Here, the long axes of the
liquid crystal molecules tilt in the vertical direction to the
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electric field, and the in-plane component in the orientation
direction of the liquid crystal molecules become substan-
tially vertical to each side of the orientation control window
25, as indicated by arrows in FIG. 13. Therefore, also in this
arrangement, the orientation direction of the liquid crystal
molecules in the pixel can be divided into four directions,
and it is possible 1o obtain the same effect as that of the
liquid crystal cell 11 with the structure shown in FIGS. 2
though 4.

Further, explained in the above description is the case
where the orientation direction is divided into four direc-
tions. The structure using a radial alignment liquid crystal
cell 11, as shown in FIGS. 14 and 15, can also obtain the
same effect.

More specifically, in the structure shown in FIG. 14,
instead of the protrusion 24 shown in FIG. 12, a substantially
hemispherical protrusion 26 is provided. Also in this case,
the liquid crystal molecules near the protrusion 26 are
oriented so as to be vertical to the surface of the protrusion
26. In addition, when a voltage is applied, an electric field
in the part of the protrusion 26 tilts in the parallel direction
to the surface of the protrusion 26. From these results, the
liquid crystal molecules, in tilting when a voltage is applied,
tend to tilt in a radial pattern about the protrusion 26 in the
in-plane direction, and the liquid crystal molecules in the
liquid crystal cell 11 can tilt and orient in a radial pattern.
Note that, the protrusion 26 can be formed in the same
process as that of the protrusion 24. Further, as the protru-
sion 24, in the case where orientation control force is
insufficient, it is desirable that a plurality of protrusions 26
are provided on each of the pixel electrodes 21a.

In the structure shown in FIG. 15, instead of the protru-
sion 24 shown in FIG. 12, a circular slit 27 is provided to the
pixel electrode 21a. When a voltage is applied, this arrange-
ment does not produce enough electric field to tilt the liquid
crystal molecules in the region right on the slit 27, of the
surface of the pixel electrode 21a. Therefore, in this region,
even when a voltage is applied, the liquid crystal molecules
are oriented vertically. On the other hand, in the region near
the slit 27, of the surface of the pixel electrode 214, as it gets
close to the slit 27 in the thickness direction, the electric field
spreads obliquely so as to escape from the slit 27. Here, the
long axes of the liquid crystal molecules tilt in the vertical
direction. According to the continuity of liquid crystal, the
liquid crystal molecules away from the slit 27 are also
oriented in the same direction. Thus, when a voltage is
applied to the pixel electrode 21a, the liquid crystal mol-
ecules can be oriented so that the in-plane components of the
orientation direction spread in a radial pattern about the slit
27 as indicated by arrows in FIG. 15, that is, the liquid
crystal molecules can be oriented symmetrically to the
center of the slit 27. Here, since the tilt of the electric field
varies depending on applied voltage, a substrate’s normal
direction component (tilt angle) in the orientation direction
of the liquid crystal molecules can be controlled by applied
voltage. Note that, since the increase in applied voltage
increases a tilt angle to the substrate’s normal direction, the
liquid crystal molecules are oriented substantially in parallel
with a display screen as well as in a radial pattern in a plane.
Further, as the protrusion 26, in the case where orientation
control force is insufficient, it is desirable that a plurality of
slits 27 are provided on each of the pixel electrodes 21a.

Incidentally, explained in the above description is the case
where the orientation direction of the liquid crystal mol-
ecules in the pixel is divided. However, a liquid crystal cell
without orientation division (a mono-domain liquid crystal
cell) can also obtain the same effect.
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In this case, the pixel electrode 21a and the counter
electrode 21b, which are not provided with the protrusions
23a and others, are formed evenly. In the mono-domain
vertical alignment liquid crystal cell, unlike a multi-domain
vertical alignment or radial tilt alignment liquid crystal cell,
a rubbing process is included in the manufacturing process,
and rubbing directions of the liquid crystal molecules in the
liquid crystal layer 1lc are set so as not to be parallel
between the substrates 11a and 11b. The liquid crystal cell
11 and the polarizing plate 12 and 13 are disposed so that the
rubbing direction forms an angle of 45 degrees with the
absorption axes AA12 and AA13 of the respective polarizing
plates 12 and 13. Also in this case, when no voltage is
applied, the liquid crystal molecules in the pixel are oriented
in the substrate’s normal direction (in the vertical direction),
as in the case of FI1G. 2. Therefore, it is possible to obtain the
same effect by using the same polarizing plates 12 and 13
and phase difference plates (14 to 16, 16a and 16b) as those
in the above embodiments.

Incidentally, according to the liquid crystal display
devices 1 and 1a shown in FIGS. 1 and 8, respectively, the
optical properties of members disposed from the liquid
crystal cell 11 to the polarizing plate 12 on one side are not
equal to those of members disposed from the liquid crystal
cell 11 to the polarizing plate 13 on the other side, so that
there is the possibility that the contrast when the liquid
crystal cell 11 is viewed from an azimuth on the left side may
be different from that viewed from an azimuth on the right
side, and the contrast when the liquid crystal cell 11 is
viewed from an azimuth on the upper side may different
from that viewed from an azimuth on the bottom side.
Therefore, in the case where these liquid crystal display
devices 1 and 1a requires the viewing angle property bal-
anced in the left, right, upper, and bottom directions, it is
desirable to use a liquid crystal cell in which the orientation
direction of the liquid crystal molecules in each pixel is
divided into four or more directions, such as four division
alignment liquid crystal cells and radial alignment liquid
crystal cells.

Further, as an example explained in the above description
is the case where the liquid crystal cell 11 has the liquid
crystal layer 1lc with a negative dielectric anisotropy,
however, the present invention is not limited to this. The
liquid crystal cell 11 having the liquid crystal layer 11c with
a positive dielectric anisotropy can also obtain the same
effect, provided that the liquid crystal cell is the one in which
the liquid crystal molecules are oriented vertically to the
substrate of the liquid crystal cell 11 in black displaying, as
the structure in FIG. 2.

In this case, an electric field is applied to the liquid crystal
layer 1lc in the parallel direction to substrates by using an
electrode that produces an electric field in the parallel
direction to substrates, as an electrode of a comblike struc-
ture which is used in the IPS (In-Plane Switching) mode.
Also in this case, when no voltage is applied (when there is
no electric field), the liquid crystal molecules in the pixel are
oriented in the vertical direction to the substrates, as the
structure in FIG. 2. Therefore, it is possible to obtain the
same effect by using the same polarizing plates 12 and 13
and the phase difference plates (14 to 16, 16a and 16b) as
those in the above embodiments.

As described above, a liquid crystal display device of the
present invention has an arrangement in which when a
parameler ¢ [nm] in relation to Rp is: 0:=35+(Rlc/80-4)*x
3.5+(360-Rlc)xRtac/850; and a parameter  [nm]in relation
to Rn is: f=Rlc-1.9xRtac, where Rp [nm] is a retardation in
an in-plane direction of the first phase difference film,



US 6,885,421 B2

21

provided between a first polarizing plate and the liquid
crystal cell, having a positive uniaxial anisotropy, Rn [nm]
is a retardation in a thickness direction of the second phase
difference film, provided between the first polarizing plate
and the first phase difference film, having a negative uniaxial
anisotropy, Rtac [nm] is a retardation in a thickness direction
of the base films of the polarizing plate, and Rle [nm] is a
retardation in a thickness direction of the liquid crystal, the
retardation Rp is set to fall within the range from not less
than 80% to not more than 120% of the parameter ¢, and the
retardation Rn is set to fall within the range from not less
than 60% to not more than 90% of the parameter f.

According to this arrangement, the retardations of the first
and second phase difference films are set to fall within the
foregoing ranges, respectively. Unlike the case where the
retardation in the thickness direction of the base films is
treated equally to the retardations in the thickness direction
of the first and second phase difference films, this brings
about the effect that it is possible to surely obtain a liquid
crystal display device which can suppress the coloring and
tone degradation within allowable limits in practical use,
while maintaining a contrast at a sufficiently high value in
practical use when viewed from an oblique direction.

As described above, in addition to the above arrangement,
a liquid crystal display device according to the present
invention has an arrangement in which the retardation Rlc in
the thickness direction of the liquid crystal is set to fall
within the range from 324 [om] to 396 [nm], and the
retardation Rp in the in-plane direction of the first phase
difference film is set to fall within the range from 30.7 [nm]
to 41.7 [nm].

Therefore, even in the case where the variations of the
base films caused in the manufacturing process vary the
retardation in the thickness direction of the base films, the
retardation Rp can be set to fall within the range from 80%
1o 120% of the parameter a by setting the retardations Rlc
and Rp to be in the foregoing ranges. As a result of this, even
in the case where the retardation in the thickness direction of
the base films varies, it is possible to use the same first phase
difference film. This brings about the effect of improving the
productivity.

As described above, in addition to the above arrangement,
a liquid crystal display device according to the present
invention has an arrangement in which the retardation Rp is
set to fall within the range from not less than 90% to not
more than 110% of the parameter ¢, and the retardation Rn
is set to fall within the range from nor less than 65% to not
more than 85% of the parameter . This brings about the
effect that it is possible to obtain a liquid crystal display
device that can further suppress the occurrence of coloring
and tone degradation when viewed from an oblique direc-
tion.

As described above, in addition to the above arrangement,
a liquid crystal display device according to the present
invention has an arrangement in which the retardation Rlc in
the thickness direction of the liquid crystal is set to fall
within the range from 342 [nm] to 378 [om], and the
retardation Rp in the in-plane direction of the first phase
difference film is set to fall within the range from 33.3 [nm]
to 38.6 [nm].

Therefore, even in the case where the retardation Rtac
changes depending on the variations of the base films caused
in the manufacturing process varies the retardation in the
thickness direction of the base films, the retardation Rp can
be set to fall within the range from 90% to 110% of the
parameter a by setting the retardations Rlc and Rp to be in
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the foregoing ranges. As a result of this, even in the case
where the retardation in the thickness direction of the base
films varies, it is possible to use the same first phase
difference film. This brings about the effect of improving the
productivity.

As described above, a liquid crystal display device of the
present invention has an arrangement in which when a
parameter o [nm] in relation to Rxy is: a=85-0.09xRlc—
Rtac/20; and a parameter § [nm] in relation to Rz is:
[=1.05xRlc-1.9xRtac, where Rxy [nm] is a retardation of a
phase difference film, provided between the first polarizing
plate and the liquid crystal cell, having a biaxial anisotropy,
Rz [nm] is a retardation in the thickness direction of the
phase difference film, Rtac [nm] is a retardation in the
thickness direction of the base films, and Rlc [nm] is the
retardation in the thickness direction of the liquid crystal, the
retardation Rxy is set to fall within the range from not less
than 80% to not more than 120% of the parameter ¢, and the
retardation Rz is set to fall within the range from not less
than 60% to not more than 90% of the parameter f3.

As described above, a liquid crystal display device of the
present invention has an arrangement in which when a
parameter o [nm] in relation to Rxy is: 0=42.5-0.045xRIc—
Rtac/40; and a parameter § [nm] in relation to Rz is:
[=0.525xRlc-0.95xRtac, where Rxy [nm] is a retardation in
an in-plane direction of each of the first and second phase
difference films, provided on two sides of the liquid crystal
cell, respectively, having a biaxial anisotropy, Rz [nm] is a
retardation in the thickness direction of each of the first and
second phase difference films, the retardation Rxy of the first
and second phase difference films is set to fall within the
range from not less than 80% to not more than 120% of the
parameter ., and the retardation Rz of the first and second
phase difference films is set to fall within the range from not
less than 60% to not more than 90% of the parameter 3.

In the above-arranged liquid crystal display devices, the
retardations Rxy and Ry are set to fall within the foregoing
ranges, respectively. Unlike the case where the retardation in
the thickness direction of the base films is treated equally to
the retardation of the phase difference film or the retarda-
tions in the thickness direction of the first and second phase
difference films, this brings about the effect that it is possible
to surely obtain a liquid crystal display device which can
suppress the coloring and tone degradation within allowable
limits in practical use, while maintaining a contrast at a
sufficiently high value in practical use when viewed from an
oblique direction.

As described above, in addition to the above arrangement,
a liquid crystal display device according to the present
invention has an arrangement in which the retardation Rxy
is set to fall within the range from not less than 90% to not
more than 110% of the parameter o, and the retardation Rz
is set to fall within the range from not less than 65% to not
more than 85% of the parameter . This brings about the
effect that it is possible to obtain a liquid crystal display
device that can further suppress the occurrence of coloring
and tone degradation when viewed from an oblique direc-
tion.

As described above, in addition to the above arrangement,
a liquid crystal display device according to the present
invention has an arrangement in which regardless of whether
or not the above phase difference films have a biaxial
anisotropy, the liquid crystal has a negative dielectric anisot-
1opy.

According to this arrangement, liquid crystal molecules
oriented in the normal direction to the substrate can be tilted
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depending on electric intensity by applying an electric field
substantially in the vertical direction to the substrate. This
can simplify the structure of electrodes, as compared with
the case of using a liquid crystal having a positive dielectric
anisotropy.

A liquid crystal display device according to the present
invention, includes:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal mol-
ecules of said liquid crystal are oriented substantially ver-
tically to respective surfaces of said pair of substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption axes
of said pair of polarizing plates being orthogonal to each
other;

a first phase difference film, disposed between one of said
pair of polarizing plates and said liquid crystal cell, said first
phase difference film having a positive uniaxial anisotropy;
and

a second phase difference film, disposed between said one
of said pair of polarizing plates and said first phase differ-
ence film, said second phase difference film having a nega-
tive uniaxial anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said pair of
substrates, said base film having a negative uniaxial
anisotropy, said first phase difference film has a retardation
axis crossing at right angle the absorption axis of said one of
said pair of polarizing plates on the same side when seen
from said liquid crystal, and said second phase difference
film has an optical axis substantially vertical to said pair of
substrates, taking the following means.

More specifically, when a parameter o [nm] in relation to
Rp is:

OL=35+(Rlc/SO—4)2x3.5+(360—Rlc)leac,’850; and
a parameter § [nm] in relation to Rn is:
B=RlIc-1.9xRtac,

where Rp [nm] is a retardation in an in-plane direction of
the first phase difference film, Rn [nm] is a retardation in a
thickness direction of the second phase difference film, Rtac
[om] is a retardation in a thickness direction of the base
films, and Rlc [nm] is a retardation in a thickness direction
of the liquid crystal, the retardation Rp is set to fall within
arange from not less than 80% to not more than 120% of the
parameter o, and the retardation Rn is set to fall within a
range from not less than 60% to not more than 90% of the
parameter f3.

In the above-arranged liquid crystal display device, liquid
crystal molecules oriented substantially vertically to the
substrates, although not bringing a phase difference to light
incident from the normal direction to the substrate, bring a
phase difference depending on a polar angle (tilt angle to the
normal direction) to obliquely incident light. Therefore, the
liquid crystal display device cannot completely absorb the
light supposed to be absorbed by the polarizing plate on the
side from where the light emits, without the first and second
phase difference films. This results in the occurrence of light
leakage, thus degrading a contrast and causing the coloring
and tone degradation.

In order to solve the problem, since the above arrange-
ment is provided with first and second phase difference
films, the phase difference that the liquid crystal has brought
depending on the polar angle can be compensated by the first
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and second phase difference films. As a result of this, it is
possible to prevent light leakage when viewed from an
oblique direction, enhancing the contrast and preventing the
occurrence of coloring and tone degradation.

Incidentally, when the respective retardations of the first
and second phase difference films are determined, it cannot
be always said that just subtracting the retardation in the
thickness direction of the base films from each of the
respective retardations in the thickness direction of the first
and second phase difference films, which is an optimum
retardation when base films are absent, is sufficient, because
the coloring and tone degradation caused when viewed from
an oblique direction are required to be suppressed much
further.

The inventors of the present application, as a result of
extensive research to further suppress the coloring and tone
degradation, while maintaining a contrast at a sufficiently
high value in practical use when a vertical alignment mode
liquid crystal display device is viewed from an oblique
direction, have found that the retardation in the thickness
direction of the base films does not always function as
equally as each of the retardation in the thickness direction
of the first phase difference film and the retardation in the
thickness direction of the second phase difference film.
Specifically, the inventors have found to complete the
present invention that: when the retardation in the in-plane
direction of the first phase difference film with a positive
uniaxial anisotropy is set so that the contrast becomes the
maximum, the dependency of the retardation Rp on the
retardation in the thickness direction of the base films,
reverses depending on whether the retardation of the liquid
crystal is over 360 [nm], and it is possible to effectively
suppress the coloring and tone degradation by setting the
retardations to fall in a predetermined range with reference
to such retardations that the contrast becomes the maximum.

In the liquid crystal display device of the present
invention, the retardations Rp and Rn are set according to
the retardation Rtac in the thickness direction of the base
films and the retardation Rlc in the thickness direction of the
liquid crystal, and the retardations Rp and Rn are set to fall
in the range where the coloring and tone degradation can be
tolerated, while maintaining a contrast at a sufficiently high
value in practical use when viewed from an oblique direc-
tion. With this arrangement, unlike the arrangement in which
the retardation in the thickness direction of the base films is
treated equally to the retardation in the thickness direction of
the first phase difference film and the retardation in the
thickness direction of the second phase difference film, it is
possible to surely obtain a liquid crystal display device
which can maintain a contrast at a sufficiently high value in
practical use when viewed from the oblique direction and
suppress the coloring and tone degradation within allowable
limits.

In the case where the improvement in productivity is
especially required, in addition to the above arrangement, it
is desirable that the retardation Rle in the thickness direction
of the liquid crystal is set to fall within the range from 324
[am] to 396 [nm], and the retardation Rp in the in-plane
direction of the first phase difference film is set to fall within
the range from 30.7 [nm] to 41.7 [nm].

If the retardation Rle is set to fall in the foregoing range,
the dependency of the retardation Rp on the retardation in
the thickness direction of the base films is small. Therefore,
even in the case where the variations of the base films caused
in the manufacturing process varies the retardation in the
thickness direction of the base films, the retardation Rp can
be set to fall within the range from 80% to 120% of the
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parameter a by setting the retardations Rlc and Rp to fall
within the foregoing ranges. As a result of this, even in the
case where the retardation in the thickness direction of the
base films varies, it is possible to use the same first phase
difference film, thus improving the productivity.

Further, in the case where the suppression of coloring and
tone degradation is especially required, in addition to the
above arrangement, it is desirable that the retardation Rp is
set to fall within the range from not less than 90% to not
more than 110% of the parameter ¢, and the retardation Rn
is set to fall within the range from not less than 65% to not
more than 85% of the parameter . With this arrangement,
it is possible to obtain a liquid crystal display device which
can further suppress the coloring and tone degradation when
viewed from an oblique direction.

Still further, in the case where both the suppression of
coloring and tone degradation and the improvement in
productivity are especially required, it is desirable that the
retardation Rlc in the thickness direction of the liquid crystal
is set to fall within the range from 342 [nm] to 378 [nm], and
the retardation Rp in the in-plane direction of the first phase
difference film is set to fall within the range from 33.3 [nm]
to 38.6 [nm].

If the retardations Rlc and Rp are set to fall in the
foregoing ranges, the retardation Rp can be set to fall in the
range from 90% to 110% of the parameter a even in the case
where the variations of the base films caused in the manu-
facturing process varies the retardation in the thickness
direction of the base films. As a result of this, even in the
case where the retardation in the thickness direction of the
base films varies, it is possible to use the same first phase
difference film, thus improving the productivity.

Meanwhile, a liquid crystal display device according to
the present invention, includes:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal mol-
ecules of said liquid crystal are oriented substantially ver-
tically to respective surfaces of said pair of substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption axes
of said pair of polarizing plates being orthogonal to each
other; and

a phase difference film, disposed between one of said pair
of polarizing plates and said liquid crystal cell, said phase
difference film having a biaxial anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said pair of
substrates, said base film having a negative uniaxial
anisotropy, and said phase difference film has an in-plane
retardation axis crossing at right angle the absorption axis of
said one of said pair of polarizing plates on the same side
when seen from said liquid crystal, taking the following
means.

More specifically, when a parameter o. [nm] rel to Rxy is:

a=85-0.09xRIc-Rtac/20; and
a parameter § [nm] in relation to Rz is:
p=1.05xRlc-1.9xRtac,

where Rxy [nm] is a retardation in an in-plane direction
of the phase difference film, Rz [nm] is a retardation in a
thickness direction of the phase difference film, Rtac [nm] is
a retardation in a thickness direction of the base films, and
Rlc[nm] is a retardation in a thickness direction of the liquid
crystal, the retardation Rxy is set to fall within a range from
not less than 80% to not more than 120% of the parameter
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«, and the retardation Rz is set to fall within a range from
not less than 60% to not more than 90% of the parameter f3.

Further, a liquid crystal display device according to the
present invention, includes:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal mol-
ecules of said liquid crystal are oriented substantially ver-
tically to respective surfaces of said pair of substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption axes
of said pair of polarizing plates being orthogonal to each
other;

a first phase difference film, disposed between one of said
pair of polarizing plates and said liquid crystal cell, said first
phase difference film having a biaxial anisotropy; and

a second phase difference film, disposed between the
other of said pair of polarizing plates and said liquid crystal
cell, said second phase difference film having a biaxial
anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said pair of
substrates, said base film having a negative uniaxial
anisotropy, and each of said first and second phase difference
films has an in-plane retardation axis crossing at right angle
the absorption axis of said one of said pair of polarizing
plates on the same side when seen from said liquid crystal,
taking the following means.

More specifically, when a parameter o [nm] in relation to
Rxy is:

0=42.5-0.045xRIc-Rtac/40; and
a parameter p [nm] in relation to Rz is:
$=0.525xRic-0.95xRtac,

where Rxy [nm] is a retardation in an in-plane direction
of each of the first and second phase difference films, Rz
[nm] is a retardation in a thickness direction of each of the
first and second phase difference films, Rtac [nm] is a
retardation in a thickness direction of the base films, and Rlc
[nm] is a retardation in a thickness direction of the liquid
crystal, the retardation Rxy of the first and second phase
difference films is set to fall within a range from not less than
80% to not more than 120% of the parameter «, and the
retardation Rz of the first and second phase difference films
is set to fall within a range from not less than 60% to not
more than 90% of the parameter f3.

In the above-arranged liquid crystal display devices, the
phase difference that the liquid crystal has brought to the
light in an oblique direction, in the state where liquid crystal
molecules are oriented substantially vertically to the
substrates, is compensated by the phase difference film or
the first and second phase difference films. This prevents the
light leakage when viewed from an oblique direction, thus
enhancing the contrast.

However, even in the foregoing arrangement, when the
retardation of the phase difference film or the respective
retardations of the first and second phase difference films are
determined, it cannot be always said that just subtracting the
retardation in the thickness direction of the base films from
each of the respective retardations in the thickness direction
of the phase difference films, which is an optimum retarda-
tion when base films are absent, is sufficient, because further
suppression of the coloring and tone degradation when
viewed from an oblique direction is required.

The inventors of the present application, as a result of
extensive rescarch to further enhance the contrast when a
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vertical alignment mode liquid crystal display device is
viewed from an oblique direction, have found that the
retardation in the thickness direction of the base films does
not always function as equally as the retardation in the
thickness direction of the phase difference film or each of the
respective retardations in the thickness direction of the first
and second phase difference films, as in the case of the
foregoing liquid crystal display device. Specifically, the
inventors have found to complete the present invention that
the retardation Rxy in the in-plane direction of the phase
difference film with a biaxial anisotropy and the retardation
Rtac in the thickness direction of the base films are different
in the direction of the retardation from each other; however,
the influence of the retardation Rtac should be also added in
order to properly set the retardation Rxy, and that it is
possible to effectively suppress the coloring and tone deg-
radation by setting the retardations to fall in a predetermined
range with reference to such retardations that the contrast
becomes the maximum.

In the liquid crystal display device of the present
invention, the retardation Rxy in the in-plane direction of the
phase difference film or each of the first and second phase
difference films and the retardation Rz in the thickness
direction of the phase difference film or each of the first and
second phase difference films are set according to the
retardation Rlc in the thickness direction of the liquid crystal
and the retardation Rtac in the thickness direction of the base
films; and the retardations Rxy and Rz are set to fall in the
range where the coloring and tone degradation can be
tolerated, while maintaining a contrast at a sufficiently high
value in practical use when viewed from an oblique direc-
tion. With this arrangement, unlike the case where the
retardation in the thickness direction of the base films is
treated equally to the retardation in the thickness direction of
the phase difference film and each of the respective retar-
dations in the thickness direction of the first and second
phase difference films, it is possible to surely obtain a liquid
crystal display device which can maintain a contrast at a
sufficiently high value in practical use when viewed from the
oblique direction and suppress the coloring and tone deg-
radation within allowable limits.

Also, in the case where the suppression of coloring and
tone degradation is especially required, in addition to the
above arrangement, it is desirable that the retardation Rxy is
set to fall within the range from not less than 90% to not
more than 110% of the parameter o, and the retardation Rz
is set to fall within the range from not less than 65% to not
more than 85% of the parameter . With this arrangement,
it is possible to obtain a liquid crystal display device which
can further suppress the coloring and tone degradation when
viewed from an oblique direction.

Further, in the liquid crystal display device according to
the present invention, it is desirable that the liquid crystal
has a negative dielectric anisotropy, regardless of whether or
not the phase difference films have biaxial anisotropy.

According to this arrangement, liquid crystal molecules
oriented in the normal direction to the substrate can be tilted
depending on electric intensity by applying an electric field
substantially in the vertical direction to the substrate. This
can simplify the structure of electrodes, as compared with
the case of using a liquid crystal having a positive dielectric
anisotropy.

The invention being thus described, it will be obvious that
the same way may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.
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Industrial Applicability

As described above, according to the liquid crystal dis-
play device of the present invention, the retardations Rp and
Rn are set according to the retardation Rtac in the thickness
direction of the base films and the retardation Rlc in the
thickness direction of the liquid crystal as well as set in the
range where the coloring and tone degradation can be
tolerated, while maintaining a contrast at a sufficiently high
value in practical use when viewed from an oblique direc-
tion. With this arrangement, unlike the case where the
retardation in the thickness direction of the base films is
treated equally to each of the respective retardations in the
thickness direction of the first and second phase difference
films, it is possible to surely obtain a liquid crystal display
device which can suppress the coloring and tone degradation
within allowable limits in practical use, while maintaining a
contrast at a sufficiently high value in practical use when
viewed from an oblique direction.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal
molecules of said liquid crystal are oriented substan-
tially vertically to respective surfaces of said pair of
substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption
axes of said pair of polarizing plates being orthogonal
to each other;

a first phase difference film, disposed between one of said
pair of polarizing plates and said liquid crystal cell, said
first phase difference film having a positive uniaxial
anisotropy; and

a second phase difference film, disposed between said one
of said pair of polarizing plates and said first phase
difference film, said second phase difference film hav-
ing a negative uniaxial anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said
pair of substrates, said base film having a negative
uniaxial anisotropy, said first phase difference film has
a retardation axis crossing at right angle the absorption
axis of said one of said pair of polarizing plates on the
same side when seen from said liquid crystal, and said
second phase difference film has an optical axis sub-
stantially vertical to said pair of substrates; and

when a parameter o. [nm] in relation to Rp is:

a=35+(RIc/80-4)°x3.5+(360-Ric)xRtac/350, and

a parameter f [nm] in relation to Rn is:

B=Ric-1.9xRtac,

where Rp [nm] is a retardation in an in-plane direction of
said first phase difference film, Rn [nm] is a retardation
in a thickness direction of said second phase difference
film, Rtac [nm] is a retardation in a thickness direction
of said base film, and Rlc [nm] is a retardation in a
thickness direction of said liquid crystal,

said retardation Rp is set to fall within a range from not
less than 80% to not more than 120% of the parameter
o, and said retardation Rn is set to fall within a range
from not less than 60% to not more than 90% of the
parameter f.

2. The liquid crystal display device according to claim 1,

wherein:
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said retardation Rlc in the thickness direction of said
liquid crystal is set to fall within a range from 324 [nm]
to 396 [nm], and said retardation Rp in the in-plane
direction of said first phase difference film is set to fall
within a range from 30.7 [nm] to 41.7 [nm].

3. The liquid crystal display device according to claim 1,

wherein:

said retardation Rp is set to fall within a range from not
less than 90% to not more than 110% of the parameter
o, and said retardation Rn is set to fall within a range
from not less than 65% to not more than 85% of the
parameter f3.

4. The liquid crystal display device according to claim 3,

wherein:

said retardation Rle in the thickness direction of said
liquid crystal is set to fall within a range from 342 [nm]
to 378 [nm], and the retardation Rp in the in-plane
direction of said first phase difference film is set to fall
within a range from 33.3 [nm] to 38.6 [nm].

5. A liquid crystal display device, comprising:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal
molecules of said liquid crystal are oriented substan-
tially vertically to respective surfaces of said pair of
substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption
axes of said pair of polarizing plates being orthogonal
to each other; and

a phase difference film, disposed between one of said pair
of polarizing plates and said liquid crystal cell, said
phase difference film having a biaxial anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said
pair of substrates, said base film having a negative
uniaxial anisotropy, and said phase difference film has
an in-plane retardation axis crossing at right angle the
absorption axis of said one of said pair of polarizing
plates on the same side when seen from said liquid
crystal,

when a parameter o [nm] in relation to Rxy is:

0=85-0.09xRlc-Rtac/20, and

a parameter § [nm] in relation to Rz is:

p=1.05xRIc-1.9xRtac,

where Rxy [nm] is a retardation in an in-plane direction
of the phase difference film, Rz [nm] is a retardation in
a thickness direction of the phase difference film, Rtac
[nm] is a retardation in a thickness direction of the base
films, and Rlc [am] is a retardation in a thickness
direction of the liquid crystal,

said retardation Rxy is set to fall within a range from not
less than 80% to not more than 120% of the parameter
., and said retardation Rz is set to fall within a range
from not less than 60% to not more than 90% of the
parameter f3.

6. A liquid crystal display device, comprising:

a liquid crystal cell having a pair of substrates and liquid
crystal interposed therebetween, wherein liquid crystal
molecules of said liquid crystal are oriented substan-
tially vertically to respective surfaces of said pair of
substrates;

a pair of polarizing plates disposed so as to sandwich said
liquid crystal cell therebetween, respective absorption
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axes of said pair of polarizing plates being orthogonal
to each other;

a first phase difference film, disposed between one of said
pair of polarizing plates and said liquid crystal cell, said
first phase difference film having a biaxial anisotropy;
and

a second phase difference film, disposed between the
other of said pair of polarizing plates and said liquid
crystal cell, said second phase difference film having a
biaxial anisotropy,

wherein each of said pair of polarizing plates has a base
film with an optical axis substantially vertical to said
pair of substrates, said base film having a negative
uniaxial anisotropy, and each of said first and second
phase difference films has an in-plane retardation axis
crossing at right angle the absorption axis of said one
of said pair of polarizing plates on the same side when
seen from said liquid crystal; and

when a parameter o. [nm] in relation to Rxy is:

a=42.5-0.045xRIc-Rtac/40, and

a parameter p [nm] in relation to Rz is:

p=0.525xRic-0.95xRtac,

where Rxy [nm] is a retardation in an in-plane direction
of each of said first and second phase difference films,
Rz [nm] is a retardation in a thickness direction of each
of said first and second phase difference films, Rtac
[nm] is a retardation in a thickness direction of the base
films, and Rlc [nm] is a retardation in a thickness
direction of the liquid crystal,

said retardation Rxy of said first and second phase dif-
ference films is set to fall within a range from not less
than 80% to not more than 120% of the parameter o,
and said retardation Rz of said first and second phase
difference films is set to fall within a range from not
less than 60% to not more than 90% of the parameter

B.
7. The liquid crystal display device according to claim 5,
wherein:

said retardation Rxy is set to fall within a range from not
less than 90% to not more than 110% of the parameter
o, and said retardation Rz is set to fall within a range
from not less than 65% to not more than 85% of the
parameter f3.
8. The liquid crystal display device according to claim 6,
wherein:

said retardation Rxy is set to fall within a range from not
less than 90% to not more than 110% of the parameter
o, and said retardation Rz is set to fall within a range
from not less than 65% to not more than 85% of the
parameter f3.

9. The liquid crystal display device according to claim 1,
wherein said liquid crystal has a negative dielectric anisot-
1opy.

10. The liquid crystal display device according to claim 5,
wherein said liquid crystal has a negative dielectric anisot-
1opy.

11. The liquid crystal display device according to claim 6,
wherein said liquid crystal has a negative dielectric anisot-

opy.
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