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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-016655, filed Jan. 26, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a TN (twisted nem-
atic) type liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] As a TN type liquid crystal display device, there is
known a liquid crystal display device that includes a liquid
crystal cell including a liquid crystal layer in which liquid
crystal molecules are twist-aligned at a twisted angle of sub-
stantially 90° between a pair of substrates, and a pair of
polarizing plates arranged to sandwich this liquid crystal cell
therebetween, wherein one of the pair of polarizing plates is
arranged in such a direction that an absorption axis sets to
parallel with a direction crossing an aligning treatment direc-
tion of one substrate of the liquid crystal cell at 45° (see JP-A
2006-285220 (KOKAT)).

[0006] This liquid crystal display device enhances contrast
and improves grayscale inversion in an intermediate grada-
tion. Further, in this liquid crystal display device, viewing
angle compensating plates are respectively arranged between
the liquid crystal cell and the pair of polarizing plates, and
arranging a retardation plate improves viewing angle charac-
teristics.

[0007] However, the TN type liquid crystal display device
does not sufficiently compensate viewing angle dependency
of a transmittance, and hence sufficiently wide viewing angle
characteristics does not be obtained.

BRIEF SUMMARY OF THE INVENTION

[0008] According to a first aspect of the present invention,
there is provided a liquid crystal display device comprising:
[0009] aliquid crystal cell including a pair of substrates in
which at least one electrode and an alignment film that covers
the electrode are provided on each of inner surfaces of the
substrates facing each other, and a liquid crystal layer that is
sandwiched between the substrates and includes liquid crys-
tal molecules twist-aligned at substantially 90°;

[0010] first and second polarizing plates that are arranged
on both sides of the liquid crystal cell, each of the polarizing
plates including a polarizing layer having a transmission axis
allowing transmission of linear polarized light and an absorp-
tion axis ina direction perpendicular to the transmission axis,
and at least one base film that supports the polarizing layer;
and

[0011] firstand second viewing angle compensating layers
that are respectively arranged between the liquid crystal cell
and the first and second polarizing plates, each of the viewing
angle compensating layers having a phase difference within a
plane parallel to substrate surfaces of the liquid crystal cell
and a phase difference within a plane perpendicular to the
substrate surfaces,

[0012] wherein a total value of retardations in a thickness
direction, each of which is a product of a phase difference
within a plane perpendicular to the substrate surfaces and a

Jul. 31, 2008

layer thickness, of a plurality of optical layers between the
first and second polarizing layers, including at least the first
and second viewing angle compensating layers but excluding
the liquid crystal layer, is set to a value that cancels out a
retardation in a liquid crystal layer thickness direction, which
is aproduct of a phase difference within a plane perpendicular
to the substrate surfaces and a liquid crystal layer thickness,
of the liquid crystal layer when a voltage sufficiently high to
raise and align the liquid crystal molecules with respect to the
substrate surfaces is applied to the liquid crystal layer
between the electrodes of the first and second substrates.

[0013] Furthermore, according to a second aspect of the
present invention, there is provided a liquid crystal display
device comprising:

[0014] afirst substrate in which at least one electrode and a
first alignment film that covers the first electrode and is sub-
jected to an aligning treatment in a predetermined first direc-
tion are provided on one surface thereof;

[0015] a second substrate that is arranged to face an elec-
trode formation surface of the first electrode, and in which at
least one second electrode facing the first electrode and a
second alignment film that covers the second electrode and is
subjected to an aligning treatment ina second direction cross-
ing the first direction at an angle of substantially 90° are
provided on a surface facing the first substrate;

[0016] aliquid crystal layer that is sandwiched between the
first alignment film of the first substrate and the second align-
ment film of the second substrate and includes liquid crystal
molecules twist-aligned between the first alignment film and
the second alignment film at a twisted angle of substantially
90°;

[0017] afirst polarizing plate that includes a first polarizing
layer that is arranged to face an outer surface opposite to an
electrode formation surface of the first substrate and has an
absorption axis in a direction crossing an aligning treatment
direction of the first alignment film at an angle of substantially
45° and a base film formed of a resin film that is provided on
a surface of the first polarizing layer facing at least the first
substrate and has a retardation in a thickness direction, which
is a product of a phase difference within a plane perpendicular
to substrate surfaces of the first and second substrates and a
layer thickness;

[0018] a second polarizing plate that includes a second
polarizing layer that is arranged to face an outer surface
opposite to an electrode formation surface of the second
substrate and has an absorption axis in a direction substan-
tially perpendicular to or substantially parallel to the absorp-
tion axis of the first polarizing layer, and a base film formed of
aresin film that is provided on a surface of the second polar-
izing layer facing at least the second substrate and has a
retardation in the thickness direction, which is a product of a
phase difference within a plane perpendicular to the substrate
surfaces and a layer thickness; and

[0019] first and second viewing angle compensating plates
that are respectively arranged between the first substrate and
the first polarizing plate and between the second substrate and
the second polarizing plate, each viewing angle compensat-
ing plate including a viewing angle compensating layer hav-
ing a phase difference within a plane parallel to the substrate
surfaces and a phase difference within a plane perpendicular
to the substrate surfaces, and a base film formed of a resin film
that is provided on at least one surface of the viewing angle
compensating layer and has a retardation in the thickness
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direction, which is a product of a phase difference within a
plane perpendicular to the substrate surfaces and a layer
thickness,

[0020] wherein a total value of the retardation values in the
thickness direction, each of which is a product of a phase
difference within a plane perpendicular to the substrate sur-
faces and a layer thickness, of a plurality of optical layers
between the first polarizing layer of the first polarizing plate
and the second polarizing layer of the second polarizing plate,
including at least the base films on the surfaces of the first and
second polarizing plates facing the first and second sub-
strates, the respective viewing angle compensating layers of
the first and second viewing angle compensating plates, and
the base films of the first and second viewing angle compen-
sating plates but excluding the liquid crystal layer, and a
retardation value in the liquid crystal layer thickness direc-
tion, which is a product of a phase difference within a plate
perpendicular to the substrate surfaces and a liquid crystal
layer thickness, of the liquid crystal layer when a voltage
sufficiently high to raise and align the liquid crystal molecules
with respect to the substrate surfaces is applied to the liquid
crystal layer between the electrodes of the first and second
substrates is set to the range of =80 nm to +80 nm.

[0021] Moreover, according to a third aspect of the present
invention, there is provided a liquid crystal display device
comprising:

[0022] afirst substrate in which at least one electrode and a
first alignment film that covers the first electrode and is sub-
jected to an aligning treatment in a predetermined first direc-
tion are provided on one surface thereof;

[0023] a second substrate that is arranged to face an elec-
trode formation surface of the first substrate, and in which at
least one second electrode that faces the first electrode and a
second alignment film that covers the second electrode and is
subjected to an aligning treatment in a second direction cross-
ing the first direction at an angle of substantially 90° are
provided on a surface facing the first substrate;

[0024] aliquid crystal layer that is sandwiched between the
first alignment film of the first substrate and the second align-
ment film of the second substrate and includes liquid crystal
molecules twist-aligned between the first alignment film and
the second alignment film at a twisted angle of substantially
90°;

[0025] a first polarizing layer that is arranged to face an
outer surface opposite to the electrode formation surface of
the first substrate and has an absorption axis in a direction
crossing an aligning treatment direction of the first alignment
film at an angle of substantially 45°;

[0026] asecond polarizing layer that is arranged to face an
outer surface opposite to an electrode formation surface of the
second substrate and has an absorption axis in a direction
substantially perpendicular to or substantially parallel to the
absorption axis of the first polarizing layer; and

[0027] firstand second viewing angle compensating layers
that are respectively arranged between the first substrate and
the first polarizing layer and between the second substrate and
the second polarizing layer, each viewing angle compensat-
ing layer having a phase difference within a plane parallel to
substrate surfaces of the first and second substrates and a
phase difference within a plane perpendicular to the substrate
surfaces,

[0028] wherein, in regard to a plurality of optical layers
between the first and second polarizing layers including at
least the first and second viewing angle compensating layers
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but excluding the liquid crystal layer, a retardation Rth in a
thickness direction is set to the range satisfying the following
expression:

-80 nm<R#h-0.83 And<80 nm

where one and the other of two directions perpendicular to
each other within a plane parallel to the substrate surfaces are
an X axis and a'Y axis, a thickness direction perpendicular to
the substrate surfaces is a Z axis, nx is a refractive index in the
X axis direction, ny is a refractive index in the Y axis direc-
tion, nz is arefractive index in the Z axis direction, d is a layer
thickness of the optical layer, Rthi is a retardation in the
thickness direction of each optical layer represented as { (mx+
ny)/2-nz}-d, Rth is the retardation in the thickness direction
obtained by adding values of the retardations Rthi in the
thickness direction of the respective optical layers, and And is
a product of an anisotropic refractive index An of a liquid
crystal material constituting the liquid crystal layer and a
liquid crystal thickness d.

[0029] Advantages of the invention will be set forth in the
description which follows, and in part will be obvious from
the description, or may be learned by practice of the inven-
tion. Advantages of the invention may be realized and
obtained by means of the instrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0030] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0031] FIG. 1is aschematic cross-sectional view of a liquid
crystal display device showing a first embodiment of the
present invention;

[0032] FIG. 2 is an enlarged cross-sectional view of a part
of a liquid crystal cell;

[0033] FIG. 3 is an enlarged cross-sectional view of a part
of a viewing angle compensating plate;

[0034] FIG. 4 is a view showing aligning treatment direc-
tions of first and second alignment films, directions ofabsorp-
tion axes of first and second polarizing layers, and directions
of optical axes of first and second viewing angle compensat-
ing layers in the first embodiment;

[0035] FIG. 5 is a view showing a relationship between a
ratio of liquid crystal layer thicknesses dy, d ;, and d ol pixel
portions of respective colors, i.e., red, green, and blue and a
display chromaticity when white is displayed in the liquid
crystal display device according to the first embodiment;
[0036] FIG. 61sa view showinga relationship between And
of aliquid crystal layer and a retardation Rth, ..in a thickness
direction of the liquid crystal layer when a saturation voltage
is applied in the liquid crystal display device according to the
first embodiment;

[0037] FIG. 7is a view showing a relationship between an
in-plane retardation Ro, And of the liquid crystal layer, and a
transmittance, the in-plane retardation Ro being obtained by
adding respective in-plane retardation values of base films of
a plurality of optical layers between the first and second
polarizing layers excluding the liquid crystal layer in the
liquid crystal display device according to the first embodi-
ment;
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[0038] FIGS. 8A to 8D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, in the liquid crystal display
device according to the first embodiment;

[0039] FIGS. 9A to 9D are viewing angle characteristic
views at the time of white display T}, black display Tz, 50%
gradation (a gradation with 50% brightness of white display)
display Ts,, and 20% gradation (a gradation with 20% gra-
dation of white display) display T, in the liquid crystal dis-
play device according to a modification of the first embodi-
ment;

[0040] FIG. 10 is a schematic cross-sectional view of a
liquid crystal display device showing a second embodiment
of the present invention;

[0041] FIG. 11 is a view showing aligning treatment direc-
tions of first and second alignment films, directions ofabsorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, and directions of retardation axes of first and second
retardation plates in the liquid crystal display device accord-
ing to the second embodiment;

[0042] FIGS. 12A to 12D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) of display T, in the liquid crystal
display in the liquid crystal display device according to the
second embodiment;

[0043] FIG. 13 is a schematic cross-sectional view of a
liquid crystal display device showing a third embodiment
according to the present invention;

[0044] FIG. 14 is a perspective view for explaining charac-
teristics of an optical film in the liquid crystal display device
according to the third embodiment;

[0045] FIG. 15 is a view showing aligning treatment direc-
tions of first and second alignment films, directions ofabsorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, directions of retardation axes of first and second retar-
dation plates, directions of optical axes of first and second
optical films;

[0046] FIGS. 16A to 16D are viewing angle characteristic
views at the time of white display T, black display Tz, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, in the liquid crystal display
device according to the third embodiment;

[0047] FIG. 17 is a schematic cross-sectional view of a
liquid crystal display device showing a fourth embodiment of
the present invention;

[0048] FIG. 18 is a view showing aligning treatment direc-
tions of first and second alignment films, directions of absorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, directions of retardation axes of first and second retar-
dation plates, and directions of optical axes of optical films in
the liquid crystal display device according to the fourth
embodiment;

[0049] FIGS. 19A to 19D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display Ts, and 20% gradation (a gradation with 20% bright-
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ness of white display) display T, in the liquid crystal display
device according to the fourth embodiment;

[0050] FIG. 20 is a schematic cross-sectional view of a
liquid crystal display device according to a fifth embodiment
of the present invention;

[0051] FIG. 21 is a view showing aligning treatment direc-
tions of first and second alignment films, directions of absorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, and directions of retardation axes of first and second
retardation plates in the liquid crystal display device accord-
ing to the fifth embodiment;

[0052] FIGS. 22A to 22D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, in the liquid crystal display
device according to the fifth embodiment;

[0053] FIG. 23 is a schematic cross-sectional view of a
liquid crystal display device showing a sixth embodiment
according to the present invention;

[0054] FIG. 24 is a view showing aligning treatment direc-
tions of first and second alignment films, directions of absorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, and directions of retardation axes of first and second
retardation plates in the liquid crystal display device accord-
ing to the sixth embodiment;

[0055] FIGS. 25A to 25D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display Ts,, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, in the liquid crystal display
device according to the sixth embodiment;

[0056] FIG. 26 is a schematic cross-sectional view of a
liquid crystal display device showing a seventh embodiment
according to the present invention;

[0057] FIG. 27 is a view showing aligning treatment direc-
tions of first and second alignment films, directions of absorp-
tion axes of first and second polarizing layers, directions of
optical axes of first and second viewing angle compensating
layers, and directions of retardation axes of first and second
retardation plates in the liquid crystal display device accord-
ing to the seventh embodiment; and

[0058] FIGS. 28A to 28D are viewing angle characteristic
views at the time of white display T, black display Tz, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, in the liquid crystal display
device according to the seventh embodiment.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

[0059] FIGS. 1 to 8 show a first embodiment according to
the present invention, and FIG. 1 is a schematic cross-sec-
tional view of a liquid crystal display device.

[0060] This liquid crystal display device is a TN type liquid
crystal display device including a liquid crystal cell 1 includ-
ing a nematic liquid crystal layer 10 in which liquid crystal
molecules are twist-aligned at a twisted angle of substantially
90° sandwiched between a pair of transparent substrates 2 and
3, a pair of first and second polarizing plates 11 and 15
arranged to sandwich this liquid crystal cell 1, and first and
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second viewing angle compensating plates 19 and 22 respec-
tively arranged between the liquid crystal cell 1 and the pair of
polarizing plates 11 and 15.

[0061] FIG. 2 is an enlarged cross-sectional view of a part
of the liquid crystal cell 1. This liquid crystal cell 1 includes
a first substrate 2, a second substrate 3 arranged to face this
first substrate, and a liquid crystal layer 10 arranged between
the first and second substrates. The first substrate 2 has at least
one first transparent electrode 4 and a first alignment film 7
that covers the first electrode 4 and is subjected to aligning
treatment in a predetermined first direction, the first transpar-
ent electrode 4 and the first alignment film 7 being provided
on one surface thereof. The second substrate 3 is arranged to
face an electrode formation surface of the first substrate 2, and
has at least one second transparent electrode 5 facing the first
electrode 4, and a second alignment film 8 that covers the
second transparent electrode 5 and is subjected to an aligning
treatment in a second direction crossing the first direction for
covering the second electrode 5 at an angle of substantially
90°, the second transparent electrode 5 and the second align-
ment film 8 being provided on a surface facing the first sub-
strate 2. The liquid crystal layer 10 is sandwiched between the
first alignment film 7 and the second alignment film 8, and
liquid crystal molecules 10a are twist-aligned at a twisted
angle of substantially 90° between the first alignment film 7
and the second alignment film 8. This liquid crystal layer 10
optically rotates a polarized light that has entered in an initial
alignment state of liquid crystal molecules 10a at 90°. More-
over, this liquid crystal layer 10 apparently changes a value of
aretardation produced with respect to transmitted light within
the range of substantially A/2 in accordance with an alignment
state of the liquid crystal molecules 10a.

[0062] This liquid crystal cell 1 is an active matrix liquid
crystal cell, and the electrode 4 provided on the substrate
(which will be referred to as a rear substrate hereinafter) 2,
located on an opposite side of a display observation side, is
formed of a plurality of pixel electrodes aligned and formed in
a matrix shape along a row direction (a lateral direction of a
screen) and a column direction (the lateral direction of the
screen). The electrode 5 provided on the other substrate
(which will be referred to as a front substrate hereinafter) 3,
located on the observation side, is a single-film-like opposed
electrode formed to face an entire arrangement region of the
plurality of pixel electrodes 4.

[0063] Although omitted in FIG. 2, a plurality of TFTs (thin
film transistors) respectively arranged in accordance with the
plurality of pixel electrodes 4, a plurality of scanning lines
through which gate signals are supplied to the plurality of
TFTs in respective rows, and a plurality of signal lines
through which data signals are supplied to the plurality of
TFTs in respective columns are provided on a surface of the
rear substrate 2 facing the front substrate 3.

[0064] The TFT includes a gate electrode formed on the
rear substrate 2, a gate insulating film formed to cover the gate
electrode, an i-type semiconductor film formed on the gate
insulating film to face the gate electrode, and a drain electrode
and a source electrode formed on both side portions of the
i-type semiconductor film through an n-type semiconductor
film. The gate electrode is connected with the scanning line,
the drain electrode is connected with the signal line, and the
source electrode is connected with the corresponding pixel
electrode 4.

[0065] Additionally, color filters 6R, 6G, and 6B of three
colors, i.e., red, green, and blue are provided on a surface of
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the front substrate 3 facing the rear substrate 2 in accordance
with a plurality of pixels formed of regions where the plural-
ity of pixel electrodes 4 face the opposed electrode 5, and the
opposed electrode 5 is provided to cover the color filters 6R,
6G, and 6B.

[0066] Further, the pair of substrates 2 and 3 are arranged to
face each other with a predetermined gap provided therebe-
tween, and bonded to each other through a sealing member 9
(see FIG. 1) formed into a frame shape surrounding an
arrangement region of the plurality of pixel electrodes 4. The
liquid crystal layer 10 is encapsulated in a region between the
pair of substrates 2 and 3 surrounded by the sealing member
9.

[0067] Furthermore, as to the color filters 6R, 6G, and 6B of
three colors, i.e., red, green, and blue, the green filter 6G is
formed to be thicker than the red filter 6R and the blue filter
6B is formed with a larger film thickness than that of the green
filter 6G, so that a liquid crystal layer thickness dg of one of
the pixels to which the red filter 6R is provided, a liquid
crystal layer thickness d; of one of the pixels to which the
green filter 6G is provided, and a liquid crystal layer thickness
dz of one of the pixels to which the blue filter 6B is provided
have a relationship of dj<d;<d.

[0068] A ratio of the liquid crystal layer thickness d of the
pixel to which the red filter 6R is provided, the liquid crystal
layer thickness d; of the pixel to which the green filter 6G is
provided, and the liquid crystal layer thickness d of the pixel
to which the blue filter 6B is provided is set to dg:d:dz=1.
1:1.0:0.9.

[0069] Moreover, of the pair of polarizing plates arranged
to sandwich the liquid crystal cell 1 therebetween, the first
polarizing plate 11 arranged to face an outer surface of the
liquid crystal cell 1 opposite to the electrode formation sur-
face of the rear substrate 2 is arranged so that its absorption
axes sets to parallel with a direction crossing an aligning
treatment direction of the first alignment film 7 formed on the
rear substrate 2 at an angle of substantially 45°. The second
polarizing plate 15 arranged to face an outer surface of the
liquid crystal cell 1 opposite to the electrode formation sur-
face of the substrate 3 is arranged so that its absorption axes
sets to parallel with a direction crossing the aligning treat-
ment direction of the second alignment film 8 formed on the
front substrate 3 at an angle of substantially 45°. That is, the
absorption axes of the first polarizing plate 11 and the second
polarizing plate 15 are perpendicular to each other.

[0070] The first polarizing plate 11 includes a first polariz-
ing layer 12 having an absorption axes in a direction crossing
the aligning treatment direction of the first alignment film 7 at
an angle of substantially 45°, and a pair of base films 13 and
14 that are respectively formed on both surfaces of the first
polarizing layer 12 to sandwich the first polarizing layer 12
therebetween, have a phase difference in a plane parallel to
substrate surfaces of the pair of substrates 2 and 3 being
substantially zero, have a phase difference in a plane perpen-
dicular to the substrate surfaces of the pair of substrates 2 and
3 (which will be referred to as a phase difference in a thick-
ness direction thereinafter), and are formed of a transparent
resin film, e.g., a TAC (triacetylcellulose) film. The second
polarizing plate 15 includes a second polarizing layer 16
having an absorption axis in a direction crossing the aligning
treatment direction of the second alignment film 8 formed on
the front substrate 8 at an angle of substantially 45°, and a pair
of base films 17 and 18 that are provided on both surfaces of
the second polarizing layer 16 to sandwich this second polar-



US 2008/0180603 A1

izing layer 16 therebetween, have a phase difference in a
plane parallel to the substrate surfaces being substantially
zero, have a phase difference in a plane perpendicular to the
substrates (a phase difference in the thickness direction), and
are formed of a transparent resin film, e.g., a TAC film.
[0071] The first and second viewing angle compensating
plates 19 and 22, which are respectively arranged between the
liquid crystal cell 1 and the pair of polarizing plates 11 and 15,
respectively include viewing angle compensating layers 20
and 23 formed of a discotic liquid crystal layer in which
discotic liquid crystal molecules are hybrid-aligned, and a
pair of base films 21 and 24 that are formed of a transparent
resin film, e.g., the TAC film, the base films 21 being provided
on at least one surface of the viewing angle compensating
layers 20 and the base films 24 being provided on at least one
surface of the viewing angle compensating layers 23. Each of
the viewing angle compensating layers 20 and 23 has a phase
difference in a plane parallel with the substrate surfaces and a
phase difference in a plane perpendicular to the substrate
surfaces (a phase difference in the thickness direction). Fur-
thermore, each of the pair of base films 21 and 24 has a phase
difference in a plane parallel with the substrate surfaces being
substantially zero and a phase difference in a plane perpen-
dicular to the substrate surfaces (a phase difference in the
thickness direction).

[0072] The first and second viewing angle compensating
plates 19 and 22 used in this embodiment are obtained by
providing the base film 21 and 24 on one surface of the
viewing angle compensating layer 20 and 23, respectively.
[0073] FIG. 3 is an enlarged cross-sectional view of a part
of the first and second viewing angle compensating plates 19
and 22, and the base films 21 and 24 are respectively provided
with alignment films 21a and 24q that are subjected to an
aligning treatment in one direction, the alignment film 21a
being formed on one surface of the base film 21 and the
alignment film 24a being formed on one surface of the base
film 24, and the discotic liquid crystal layers are respectively
provided on the alignment films 21a and 24a. In this discotic
liquid crystal layer, the discotic liquid crystal molecules 25
are hybrid-aligned so that a molecular axis perpendicular to
discotic surfaces of the discotic liquid crystal molecules 25 is
placed on a plane perpendicular to a film surface of the base
film 21 and parallel to the aligning treatment direction of the
alignment film 21a and a tilt angle with respect to the base
film 21 is sequentially increased from the base film 21 side
toward its opposite side.

[0074] Each of the viewing angle compensating layer 20
and 23 of the first and second viewing angle compensating
plate 19 and 22 has a negative optical anisotropy having an
optical axis providing a minimum refractive index in an aver-
age tilt direction of the molecular axis in the plane where the
molecular axes of the hybrid-aligned discotic liquid crystal
molecules 25 are present. Here, a line on which the plane
where the molecular axes of the discotic liquid crystal mol-
ecules 25 are present crosses the surface of the viewing angle
compensating layer 20 and 23 is referred to as an optical axis
direction.

[0075] Furthermore, the first viewing angle compensating
plate 19 is arranged so that a surface of the first viewing angle
compensating layer 20 of this viewing angle compensating
plate 19 where a tilt angle of the discotic liquid crystal mol-
ecules 25 is large (a surface opposite to the base film 21 side)
faces the outer surface of the rear substrate 2 of the liquid
crystal cell 1. Moreover, the optical axis direction of the first
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viewing angle compensating layer 20 sets to parallel with a
direction substantially parallel to or substantially perpendicu-
lar to the aligning treatment direction of the first alignment
film 7 formed on the rear substrate 2. The second viewing
angle compensating plate 22 is arranged so that a surface of
the second viewing angle compensating layer 23 of this view-
ing angle compensating plate 22 where a tilt angle of the
discotic liquid crystal molecules is large (a surface opposite to
the base film 24 side) faces the outer surface of the front
substrate 3 ofthe liquid crystal cell 1. Additionally, the optical
axis direction of the second viewing angle compensating
layer 23 sets to parallel with a direction substantially parallel
to or substantially perpendicular to the aligning treatment
direction of the second alignment film 8 formed on the front
substrate 3.

[0076] FIG. 4 shows aligning treatment directions 7a and
8a of the first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a ofthe
polarizing layers 12 and 16 of the first and second polarizing
plates 11 and 15, and directions of optical axis directions 20a
and 23q of the viewing angle compensating layers 20 and 23
of the first and second viewing angle compensating plates 19
and 22.

[0077] As shown in FIG. 4, the first alignment film 7
formed on the rear substrate 2 of the liquid crystal cell 1 is
aligned in a first direction crossing a lateral axis direction (a
direction indicated by an alternate long and short dash line in
the drawing) of a screen of the liquid crystal display device
counterclockwise as seen from the observation side at an
angle of substantially 45°. The second alignment film 8
formed on the front substrate 3 is aligned in a second direction
(a direction crossing the lateral axis direction of the screen
clockwise as seen from the observation side at an angle of
substantially 45°) crossing the first direction at an angle of
substantially 90°. The liquid crystal molecules 10a in the
liquid crystal layer 10 held between the first alignment film 7
of the rear substrate 2 and the second alignment film 8 of the
front substrate 3 are twist-aligned in a layer thickness direc-
tion of the liquid crystal layer 10 between the first alignment
film 7 and the second alignment film 8 at a twisted angle of
substantially 90° as indicated by an arrow of a dashed line that
shows a twisted direction of a molecular orientation.

[0078] Inthe liquid crystal layer 10 of this liquid crystal cell
1, a value of a retardation apparently varies in the range of
substantially A/2 with respect to transmitted light in accor-
dance with an alignment state of the liquid crystal molecules
104 that changes in accordance with a voltage applied to the
liquid crystal layer 10 between the electrodes 4 and 5 on the
pair of substrates 2 and 3.

[0079] The first polarizing plate 11 facing the outer surface
of the rear substrate 2 of the liquid crystal cell 11s arranged so
that the absorption axis 12a of the first polarizing layer 12 of
this polarizing plate 11 sets to parallel with a direction cross-
ing the lateral axis direction of the screen clockwise as seen
from the observation side at an angle of substantially 90°, i.e.,
crossing the aligning treatment direction 7a of the first align-
ment film 7 of the rear substrate 2 clockwise as seen from the
observation side at an angle of substantially 45°. The second
polarizing plate 15 facing the outer surface of the front sub-
strate 3 of the liquid crystal cell 1 is arranged so that the
absorption axis 16a of the second polarizing layer 16 of this
polarizing plate 15 sets to parallel with a direction (a direction
substantially parallel with the lateral axis direction of the
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screen) substantially perpendicular to the absorption axis 12a
of the polarizing layer 12 of the first polarizing plate 11.
[0080] Further, the first viewing angle compensating plate
19 between the rear surface 2 of the liquid crystal cell 1 and
the first polarizing plate 11 is arranged so that the optical axis
direction 20a ofthe first viewing angle compensating layer 20
of this viewing angle compensating plate 19 sets to parallel
with a direction substantially parallel with the aligning treat-
ment direction 7a of the first alignment film 7 of the rear
substrate 2. The second viewing angle compensating plate 22
between the front substrate 3 of the liquid crystal cell 1 and
the second polarizing plate 15 is arranged so that the optical
axis direction 23a of the second viewing angle compensating
layer 23 of this viewing angle compensating plate 22 sets to
parallel with a direction substantially parallel with the align-
ing treatment direction 8a of the second alignment film 8 of
the front substrate 3, i.e., adirection substantially perpendicu-
lar to the optical axis direction 20a of the viewing angle
compensating layer 20 of the first viewing angle compensat-
ing plate 19.

[0081] This liquid crystal display device controls transmis-
sion of white illumination light emitted from a non-illustrated
surface light source arranged on a rear side thereof (the oppo-
site side of the observation side) by application of a voltage to
the liquid crystal layer 10 between the electrodes 4 and 5 in
accordance with each of the plurality of pixel portions, and
irradiates light of three colors, i.e., red, green, and blue,
colored by the color filters 6R, 6G, and 6B of three colors, i.e.,
red, green, and blue, corresponding to the plurality of pixel
portions to the observation side, thereby displaying a color
image.

[0082] This liquid crystal display device displays a color
image having a good color balance because a ratio of the
liquid crystal layer thickness d, of the pixel portion to which
the red color filter 6R of the liquid crystal cell 1 is provided
(which will be referred to as a red pixel portion hereinafter),
the liquid crystal layer thickness d.; of the pixel portion to
which the green filter 6G is provided (which will be referred
to as a green pixel portion hereinafter), and the liquid crystal
layer thickness d of the pixel portion to which the blue filter
6B is provided (which will be referred to as a blue pixel
portion) is set to dg:d;:dz=1.1:1.0:0.9.

[0083] That is, FIG. 5 shows a relationship between the
ratio of the liquid crystal layer thickness d, d ;, and d; of the
pixel portions having the respective colors, i.e., red, green,
and blue, and a display chromaticity when light is emitted
from each of the pixel portions having the colors, i.e., red,
green, and blue, to display a white color.

[0084] As shown in FIG. 5, comparing examples where the
ratio of the liquid crystal layer thicknesses dg, ds, and d; of
the pixel portions having red, green, and blue colors is set to
dgid5:d;=0.9:1.0:1.1, dg:d;:dz=1.0:1.0:1.0, and dg:dg:
d;=1.1:1.0:0.9 with each other, a white display chromaticity
when the ratio of the liquid crystal layer thicknesses dg, dg,
and d,, of the pixel portions having the respective colors is set
to dg:d5:dz=1.1:1.0:0.9 is a chromaticity close to that of light
from a light source (white illumination light from the surface
light source) as compared with a white display chromaticity
when the ratio of the liquid crystal layer thicknesses dg, dg,
and dj is set to any other value, and hence a color image
having a good color balance is displayed.

[0085] Itisto be noted that this liquid crystal display device
is of a normally white type where the first polarizing plate 11
and the second polarizing plate 15 are arranged so that the
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absorption axes 12¢ and 16a of the respective polarizing
layers 12 and 16 become substantially perpendicular to each
other. This liquid crystal display device displays white when
no voltage is applied to the liquid crystal layer 10 between the
electrodes 4 and 5 of each pixel portion, and displays black
when a voltage that is sufficiently high for the substantially all
liquid crystal molecules 10« in the layer thickness direction
of theliquid crystal layer 10 to rise to be aligned substantially
perpendicularly with respect to the substrate surfaces (which
will be referred to as a saturation voltage) is applied to the
liquid crystal layer 10 between the electrodes 4 and 5 of each
pixel portion.

[0086] In the liquid crystal cell 1 having the liquid crystal
layer 10 in which the liquid crystal molecules 104 are twist-
aligned with a twisted angle of substantially 90° between the
pair of substrates 2 and 3, a behavior of the liquid crystal
molecules 10a in the liquid crystal layer 10 near the pair of
substrates 2 and 3 is suppressed by an anchoring effect of the
alignment films 7 and 8. Thus. even when the saturation
voltage is applied to the liquid crystal layer 10 between the
electrodes 4 and 5, the liquid crystal molecules 10a near the
pair of substrates 2 and 3 do not rise to be aligned, and an
in-plane retardation (which will be referred to as a residual
retardation) due to the liquid crystal molecules 10a in the
liquid crystal layer 10 near the substrates 2 and 3 is present.

[0087] Furthermore, when the saturation voltage is applied
to the liquid crystal layer 10 between the electrodes 4 and 5,
the liquid crystal layer 10 has a negative phase difference
(which will be referred to as a phase difference in the liquid
crystal layer thickness direction) in a plane perpendicular to
the substrate surfaces.

[0088] Inthe liquid crystal display device in which the first
and second polarizing plates 11 and 15 are arranged so that
the absorption axes 12a and 16a of the polarizing layers 12
and 16 sets to parallel with a direction forming an angle of
substantially 45° with respect to the aligning treatment direc-
tions 7a and 8a of the alignment films 7 and 8 in particular, the
phase difference in the liquid crystal layer thickness direction
greatly functions with respect to light that obliquely enters the
substrate surfaces, thereby reducing viewing angle character-
istics.

[0089] Thus, in the liquid crystal display device according
to this embodiment, the first and second viewing angle com-
pensating plates 19 and 22 are respectively arranged between
the first and second polarizing plates 11 and 15 arranged on
the front and the rear sides of the liquid crystal cell 1 and the
rear substrate 2 and the front substrate 3 of the liquid crystal
cell 1 so that the first and second viewing angle compensating
plates 19 and 22 cancel out the residual retardation. More-
over, the phase difference of the liquid crystal layer 10 in the
plane perpendicular to the substrate surfaces when the satu-
ration voltage (a voltage sufficiently high for theliquid crystal
molecules 10a to rise to be aligned) is applied to the liquid
crystal layer 10 between the electrodes 4 and 5 of the liquid
crystal cell 1 is canceled out by the phase differences of the
plurality of optical layers within the plane perpendicular to
the substrate surfaces. The plurality of optical layers include
the base films 14 and 18 on the surfaces of the first and second
polarizing plates 11 and 15 facing the liquid crystal cell 1
between the first polarizing layer 12 of the first polarizing
plate 11 and the second polarizing layer 16 of the second
polarizing plate 15, the respective viewing angle compensat-
ing layers 20 and 23 of the first and second viewing angle
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compensating plates 19 and 22, and the base films 21 and 24
of the first and second viewing angle compensating plates 19
and 22.

[0090] That is, a value of a product of the phase difference
of the liquid crystal layer 10 in the liquid crystal layer thick-
ness direction and the liquid crystal layer thickness (an aver-
age value of the liquid crystal layer thicknesses d, d ;, and dg
of the pixel portions having the respective colors to which the
red, the green, and the blue color filters 6R, 6G, and 6B are
provided) d is determined as a retardation in the liquid crystal
layer thickness direction, and a value of a product of the phase
difference in the thickness direction of each of the plurality of
optical layers and each layer thickness is determined as a
retardation in the thickness direction. At this time, when a
value obtained by adding the retardation in the liquid crystal
layer thickness direction and the retardations in the thickness
direction of the plurality of the optical layers is set to fall
within the range of -80 nm to +80 nm (0+80 nm), or prefer-
ably to 0 nm, the retardation in the thickness direction of the
liquid crystal layer 10 at the time of application of the satu-
ration voltage is canceled out.

[0091] FIG. 6 shows a relationship between a product And
of an anisotropic refractive index An and the liquid crystal
layer thickness d of a liquid crystal material constituting the
liquid crystal layer 10 and a liquid crystal layer thickness
direction retardation Rth, . of the liquid crystal layer 10 when
the saturation voltage is applied on the assumption that a
pre-tilt angle of the liquid crystal molecules 10a is 5.5° and
the saturation voltage is 4V. The liquid crystal layer thickness
direction retardation Rth; . of the liquid crystal layer 10 when
the saturation voltage is applied varies as shown in the draw-
ing in accordance with a value of the product And of the liquid
crystal layer 10. That is, the retardation Rth, . in the liquid
crystal layer thickness direction linearly varies with respect to
achange in a value of the product An of the liquid crystal layer
10. Thus, the retardation Rth, . is obtained by multiplying the
value of the product And of the liquid crystal layer 10 by a
coefficient corresponding to an inclination of the straight line
depicted in FIG. 6.

[0092] Thus, it is good enough to set an absolute value
obtained by adding values of the retardations in the thickness
direction of the plurality of optical layers excluding the liquid
crystal layer 10 between the first polarizing layer 12 of the
first polarizing plate 11 and the second polarizing layer 16 of
the second polarizing plate 15 to match with an absolute value
obtained by multiplying a value of And of the liquid crystal
layer 10 by a coefficient preset in accordance with the pre-tilt
angle of the liquid crystal molecules 10a and the saturation
voltage, or set a difference between the respective absolute
values to fall within the range of =80 nm to +80 nm.

[0093] The next Table | shows a relationship between the
retardation Rth; . in the liquid crystal layer thickness direc-
tion of the liquid crystal layer 10 having the liquid crystal
molecules 10a with a pre-tilt angle and a saturation voltage
being changed and a coefficient value that is multiplied with
respect to a value And of the liquid crystal layer to calculate a
value of the retardation in the thickness direction of each of
the plurality of optical layers.
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TABLE 1
Saturation
Pre-tilt voltage Rthy ¢ Coefficient
0.5° 3V -299.43 0.72
5.5° 3V -311.03 0.75
10.5° 3V -321.85 0.77
0.5° 4V -338.46 0.81
5.5° 4V -345.40 0.83
10.5° 4V -352.11 0.85
0.5° 5V -358.35 0.86
5.5° 5V -363.41 0.87
10.5 5V -368.32 0.86
[0094] As shown in Table 1, when the pre-tilt angle of the

liquid crystal molecules 10q falls within the range of 0.5° to
10.5° and the saturation voltage falls within the range 0of3V to
5V, a value of the retardation in the liquid crystal layer thick-
ness direction of the liquid crystal layer 10 at the time of
applying the saturation voltage is calculated by multiplying a
coefficient falling within the range 0f 0.72 to 0.86 by a value
of And of the liquid crystal layer. Here, the value of the
retardation in the liquid crystal thickness direction of the
liquid crystal layer 10 at the time of applying the saturation
voltage and a total value of the retardations in the thickness
direction of the plurality of optical layers excluding the liquid
crystal layer 10 have substantially the same absolute values,
and have opposite signs.

[0095] Thus, in this embodiment, the total value of the
retardations in the thickness direction of the plurality of opti-
cal layers between the first polarizing layer 12 and the second
polarizing layer 16 excluding the liquid crystal layer 10 is set
to a value obtained by multiplying the value of And of the
liquid crystal layer 10 by a coefficient falling within the range
of 0.72 to 0.86, and a total value of the values of the retarda-
tions in the thickness direction of the plurality of optical
layers excluding the liquid crystal layer 10 and the retardation
in the liquid crystal layer thickness direction of the liquid
crystal layer 10 at the time of applying the saturation voltage
is set to fall within the range of 080 nm (-80 nm to +80 nm).
In this case, as the value of the retardation in the liquid crystal
layer thickness direction of the liquid crystal layer 10 at the
time of applying the saturation voltage, a value obtained by
multiplying acoefficient 0.83 by the value of And of the liquid
crystal layer 10.

[0096] Additionally, FIG. 7 shows a transmittance of the
liquid crystal display device with respect to a value Ro+And
thatis obtained by adding an in-plane retardation Ro acquired
by adding values of in-plane retardations of the plurality of
optical layers excluding the liquid crystal layer 10 between
the first polarizing layer 12 of the first polarizing plate 11 and
the second polarizing layer of the second polarizing plate in
the liquid crystal display device to the product And of the
liquid crystal layer 10. The plurality of optical layers include
the base films 14 and 18 on the surfaces of the first and second
polarizing plates 11 and 15 facing the liquid crystal cell 1, the
viewing angle compensating layers 20 and 23 of the first and
second viewing angle compensating plates 19 and 22, and the
base films 21 and 24 of the first and second viewing angle
compensating plates 19 and 22. The liquid crystal display
device demonstrates a high transmittance when a value of
Ro+And falls within the range of 350 nm to 600 nm, and a
peak when a value of Ro+And is 480 nm in particular.
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[0097] Thus, in this embodiment, a value obtained by add-
ing a total value of the in-plane retardations each of which is
aproduct of an in-plane phase difference in a plane parallel to
the substrate surfaces of each of the plurality of optical layers
between the first polarizing layer 12 and the second polariz-
ing layer 16 and a layer thickness of the optical layer to And
of the liquid crystal layer 10 is set to the range of 350 nm to
600 nm, or preferably 480 nm.

[0098] In more detail, in the liquid crystal display device
according to this embodiment, an optical function of the base
films 13 and 17 placed outside the first and second polarizing
layers 12 and 16 of the first and second polarizing plates 11
and 15 does not concern visibility of an observer. Further, the
plurality of optical layers between the first polarizing layer 12
and the second polarizing layer 16 concern visibility of the
observer, the plurality of optical layers including the base
films 14 and 18 of the firstand second polarizing plates 11 and
15, the first and second viewing angle compensating layers 20
and 23 of the first and second viewing angle compensating
plates 19 and 22, the base films 21 and 24 of these compen-
sating layers 20 and 23, and the liquid crystal layer 10.
[0099] As depicted in FIG. 14 showing X, Y, and Z coordi-
nates of an optical medium 100 and refractive indices in
respective coordinate axis directions, in regard to each of the
plurality of optical layers of the optical medium 100, assum-
ing that one and the other of two directions perpendicular to
each other on a plane parallel to the substrate surfaces are an
X axisand aY axis, a thickness direction perpendicular to the
substrate surfaces is a 7 axis, a refractive index in the X axis
direction is nx, a refractive index in the Y axis direction is ny,
a refractive index in the 7 axis direction is nz, and a layer
thickness of the optical layer is d, a retardation Rthi in the
thickness direction of each optical layer is expressed as { (nx+
ny)/2-nz}+d. Assuming that Rth is a total retardation in the
thickness direction obtained by adding values of the retarda-
tions Rthi in the thickness direction of these optical layers and
And is a product of an anisotropic refractive index An of a
liquid crystal material constituting the liquid crystal layer 10
and an average liquid crystal layer thickness d, the total retar-
dation Rth in the thickness direction is set to fall within the
range satisfying the following expression:

Rth=0.83 And+80 nm.

That s, the total retardation Rth in the thickness direction is
set to fall within the range of 0.83 And-80 nm to 0.83 And+80
nm.

[0100] Furthermore, in retard to the plurality of optical
layers between the first polarizing layer 12 and the second
polarizing layer 16, assuming that Roi is an in-plane retarda-
tion of each optical layer expressed as (nx-ny)-d and Ro is an
in-plane retardation obtained by adding values of in-plane
retardations Roi of the respective optical layers, the totalized
in-plane retardation Ro is set to the range satisfying the fol-
lowing expression:

Ro+Ard=350 nm to 600 nm.

[0101] Inthe liquid crystal display device according to this
embodiment, a value of And of the liquid crystal layer 10 of
the liquid crystal cell 1 is 380 nm; values of the retardation
Rthi in the thickness direction and the in-plane retardation
Roi of the first and the second viewing angle compensating
layers 20 and 23, Rthi=70 nm and Roi=-47 nm; values of the
retardation Rthi in the thickness direction and the in-plane
retardation Roi of the base films 14 and 18 on the surfaces of
the first and second polarizing layers 12 and 16 facing the
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liquid crystal cell 1 and the base films 21 and 24 of the first and
second viewing angle compensating layers 20 and 23,
Rthi=89 mm and Roi=9 nm.

[0102] Thus, the retardation Rth in the thickness direction
obtained by adding values of the retardations Rthi in the
thickness direction, which is expressed as {(nx+ny)/2-nz}-d,
of the plurality of the optical layers between the first polariz-
ing layer 12 and the second polarizing layer 16 excluding the
liquid crystal layer 10 is 353 nm, and the in-plane retardation
Ro obtained by adding values of the in-plane retardations Roi
of the plurality of optical layers is 12 nm. Accordingly, the
value 0.83 And obtained by multiplying the value of And of
the liquid crystal layer 10 by the preferable coefficient 0.83 is
315 nm, and the value 353 nm as the added retardation Rth in
the thickness direction falls within the range of a value
obtained by adding 80 nm to =315 nm or +315 nm as a value
0f0.83 And. Furthermore, the value obtained by totalizing the
added in-plane retardation Ro and And is 392 nm, and falls
within the range of 350 nm to 600 nm that defines the range of
Ro+And.

[0103] Since this liquid crystal display device has the
above-explained structure, angle dependency of the transmit-
tance is improved, and a display wide viewing angle is
increased.

[0104] FIGS. 8A to 8D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation (a gradation with 50% brightness of white display)
display T, and 20% gradation (a gradation with 20% bright-
ness of white display) display T, of the liquid crystal display
device. FIG. 8A shows viewing angle characteristics in a
right-and-left direction of the screen, FIG. 8B shows viewing
angle characteristics in an up-and-down direction of the
screen, FIG. 8C shows viewing angle characteristics in a
direction from a lower left side to a lower right side of the
screen, and FIG. 8D shows viewing angle characteristics in a
direction from a lower right side to an upper left side of the
screen.

[0105] Itis to be noted that a negative angle is an angle in
the left direction and a positive angle is an angle in the right
direction in FIG. 8A. In FIG. 8B, a negative angle is an angle
in the lower direction a positive angle is an angle in the upper
direction. In FIG. 8C, anegative angle is an angle in the lower
left direction and a positive angle is an angle in the upper right
direction. In FIG. 8D, anegative angle is an angle in the lower
right direction and a positive angle is an angle in the upper left
direction.

[0106] As shown in FIGS. 8A to 8D, the liquid crystal
display device has the viewing angle characteristics that the
angle dependency of a transmittance in each direction, i.e.,
the right-and-left direction, the up-and-down direction, the
direction from the lower left to the lower right, and the direc-
tion from the lower right to the upper left in the screen is
improved, i.e., inversion of the intermediate gradation does
not occur in a wide angle range in each of these directions. In
particular, the viewing angle is wide in the right-and-left
direction, the direction from the lower left to the lower right,
and the direction from the lower right to the upper left.

Modification of First Embodiment

[0107] It is to be noted that a value of And of the liquid
crystal layer 10 in the liquid crystal cell 1 is set to 380 nm in
the liquid crystal display device, but the value of And of the
liquid crystal layer 10 may be set to any other value.
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[0108] FIGS. 9A to 9D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display Ts,, and 20% gradation display T,, in a
liquid crystal display device in which a value of And of the
liquid crystal layver 10 is set to 505 nm and the other structures
are the same as those in the foregoing embodiment. FIG. 9A
shows viewing angle characteristics in the right-and-left
direction of the screen, FIG. 9B shows viewing angle chat-
acteristics in the up-and-down direction of the screen, FIG.
9C shows viewing angle characteristics in the direction from
the lower left to the lower right of the screen, and FIG. 9D
shows viewing angle characteristics in the direction from the
lower right to the upper left of the screen.

[0109] As shown in FIGS. 9A to 9D, the liquid crystal
display device according to this modification has viewing
angle characteristics that angle dependency of a transmit-
tance in each direction, i.e., the right-and-left direction, the
up-and-down direction, the direction from the lower left to the
lower right, and the direction from the lower right to the upper
left in the screen is improved and inversion of the intermedi-
ate gradation does not occur in a wide angle range in each of
these directions. Moreover, contrast is higher than that of the
liquid crystal display device according to the foregoing
embodiment.

Second Embodiment

[0110] FIGS. 10 to 12 show a second embodiment accord-
ing to the present invention, and they are schematic cross-
sectional views of a liquid crystal display device.

[0111] The liquid crystal display device according to this
embodiment has a structure where a first retardation plate 26
1s arranged between the first polarizing plate 11 and the first
viewing angle compensating plate 19 and a second retarda-
tion plate 27 is arranged between the second polarizing plate
15 and the second viewing angle compensating plate 22 in the
liquid crystal display device according to the first embodi-
ment. A plurality of optical layers between a first polarizing
layer 12 and a second polarizing layer 16 excluding a liquid
crystal layer 10 include base films 14 and 18 on surfaces of the
first and second polarizing layers 12 and 16 facing a liquid
crystal cell 1, the first and second viewing angle compensat-
ing layers 20 and 23, base films 21 and 24 of these compen-
sating layers 20 and 23, and the first and second retardation
plates 26 and 27. It is to be noted that other structures of the
liquid crystal display device according to this embodiment
are substantially the same as those in the first embodiment.
[0112] FIG. 11 shows aligning treatment directions 7a and
8a of first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a of the
polarizing layers 12 and 16 of the first and second polarizing
plates 11 and 15, optical axis directions 20a and 234 of the
viewing angle compensating layers 20 and 23 of the first and
second viewing angle compensating plates 19 and 22, and
directions of retardation axes 26a and 27a of the first and
second retardation plates 26 and 27 in the liquid crystal dis-
play device according to this embodiment.

[0113] As shown in FIG. 11, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 164 of the polarizing layers 12 and 16 of the first
and second polarizing plates 11 and 15, and the optical axis
directions 20a and 23a of the viewing angle compensating
layers 20 and 23 of the first and second viewing angle com-
pensating plates 19 and 22 are the same as those in the first
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embodiment. The first retardation plate 26 is arranged so that
its retardation axis 264 sets to parallel with a direction sub-
stantially parallel with the optical axis direction 20a of the
first viewing angle compensating layer 20 of the first viewing
angle compensating plate 19. The second retardation plate 27
is arranged so that is retardation axis 27« sets to parallel with
a direction substantially parallel with the optical axis direc-
tion 23a of the second viewing angle compensating layer 23
of the second viewing angle compensating plate 22.

[0114] Additionally, in this embodiment, a value of And of
the liquid crystal layer 10 of the liquid crystal cell 1 is set to
420 nm, and values of a retardation Rthi in a thickness direc-
tion and an in-plane retardation Roi of each of the first and
second viewing angle compensating layers 20 and 23 are set
to Rthi=70 nm and Roi=-47 nm. Further, values of a retarda-
tion Rthi in the thickness direction and an in-plane retardation
Roi of each of base films 14 and 18 of the first and second
polarizing layers 16 facing the liquid crystal cell 1 and each of
base films 21 and 24 of the first and second viewing angle
compensating layers 20 and 23 are set to Rthi=89 nm and
Roi=9 nm. Furthermore, values of a retardation Rthi in the
thickness direction and an in-plain retardation Roi of each of
the first and second retardation plates 26 and 27 are set to
Rthi=175 nm and Roi=35 nm. As explained above, a total
value of the retardation value in the thickness direction of
each of the plurality of optical layers between the first polar-
izing layer 12 and the second polarizing layer 16 excluding
the liquid crystal layer 10 and the retardation value in the
liquid crystal layer direction of the liquid crystal layer 10 at
the time of applying a voltage is set to the range of -80 nm to
+80 nm.

[0115] FIGS. 12A to 12D are viewing angle characteristic
views at the time of white display T, black display Tz, 50%
gradation display Ts,, and 20% gradation display T,, of the
liquid crystal display device according to this embodiment.
FIG. 12A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 12B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 12C shows viewing angle characteristics in a direction
from the lower left to the lower right of the screen, and FIG.
12D shows viewing angle characteristics in a direction from
the lower right to the upper left of the screen.

[0116] Asshown in FIGS. 12A to 12D, in the liquid crystal
display device according to this embodiment, angle depen-
dency of a transmittance in each direction, i.e., the right-and-
left direction, the up-and-down direction, the direction from
the lower left to the lower right, and the direction from the
lower right to the upper left of the screen is improved. Fur-
thermore, this liquid crystal display device has viewing angle
characteristics that inversion of the intermediate gradation
does not occur in a wide angle range in each of these direc-
tions, and a viewing angle is wide and contrast is high in the
right-and-left direction, the direction from the lower left to
the lower right, and the direction from the lower right to the
upper left.

Third Embodiment

[0117] FIGS. 13 to 16 show a third embodiment according
to the present invention, and FIG. 13 is a schematic cross-
sectional view of a liquid crystal display device.

[0118] The liquid crystal display device according to this
embodiment has a structure where first and second optical
films 28 and 29 having a phase difference are further arranged
between the first retardation plate 26 and the first viewing
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angle compensating plate 19 and between the second retar-
dation plate 27 and the second viewing angle compensating
plate 22 in the liquid crystal display device according to the
second embodiment. A plurality of optical layers between a
first polarizing layer 12 and a second polarizing layer 16
excluding a liquid crystal layer 10 include base films 14 and
18 on surfaces of the first and second polarizing layers 12 and
16 facing a pair of substrates 2 and 3 of a liquid crystal cell 1,
the first and second viewing angle compensating layers 20
and 23 and their base films 21 and 24, the first and second
retardation plates 26 and 27, and the first and second optical
films 28 and 29. It is to be noted that other structures of the
liquid crystal display device according to this embodiment
are substantially the same as those of the second embodiment.
[0119] As shown in FIG. 14, in each of the first and second
optical films 28 and 29 as an optical medium 100, a relation-
ship between one refractive index nx and the other refractive
index ny intwo directions x and y perpendicular to each other
in a plane parallel to a film surface of each of the first and
second optical films 28 and 29, i.e., parallel to substrate
surfaces of the liquid crystal cell 1, and a refractive index nz
in athickness direction z perpendicular to the film surface (the
substrate surfaces of the liquid crystal cell 1) is nx=ny>nz.
[0120] That is, each of the first and second optical films 28
and 29 is a retardation film having an optical axis in the
thickness direction z perpendicular to the film surface.
[0121] FIG. 15 shows aligning treatment directions 7a and
8a of the first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a of the
polarizing layers 12 and 16 of the first and second polarizing
plates 11 and 15, optical axis directions 20a and 234 of the
viewing angle compensating layers 20 and 23 of the first and
second viewing angle compensating plates 19 and 22, direc-
tions of retardation axes 26a and 27a of the first and second
retardation plates 26 and 27, and directions of optical axes
28a and 29a of the first and second optical films 28 and 29.
[0122] As shown in FIG. 15, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 16a of the polarizing layers 12 and 16 of the first
and second polarizing plates 11 and 15, and the optical axis
directions 20a and 23« of the viewing angle compensating
layers 20 and 23 of the first and second viewing angle com-
pensating plates 19 and 22 are the same as those in the first and
second embodiments.

[0123] On the other hand, the first retardation plate 26 is
arranged so that its retardation axis 26a sets to parallel with a
direction crossing a lateral axis direction (a direction indi-
cated by an alternate long and shot dash line in the drawing)
of the screen counterclockwise as seen from an observation
side at an angle of substantially 110°. The second retardation
plate 27 is arranged so that its retardation axis 27a sets to
parallel with a direction crossing the lateral axis direction of
the screen clockwise as seen from the observation side at an
angle of substantially 20°, i.e., a direction substantially per-
pendicular to the retardation axis 26« of the first retardation
plate 26. It is to be noted that the directions of the optical axes
28a and 29q of the first and second optical films 28 and 29 are
perpendicular to the substrate surfaces of the liquid crystal
cell 1.

[0124] Furthermore, in this embodiment, a value of And of
the liquid crystal layer 10 of the liquid crystal cell 1 is set to
385 nm, and values of a retardation Rthi in a thickness direc-
tion and an in-plane retardation Roi of each of the first and
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second viewing angle compensating layers 20 and 23 are set
to Rthi=159 nm and Roi=-38 nm. Moreovet, values of a
retardation Rthi in the thickness direction and an in-plane
retardation Roi of each of base films 14 and 18 on surfaces of
the first and second polarizing layers 16 facing the liquid
crystal cell 1 and each of base films 21 and 24 of the first and
second viewing angle compensating layers 20 and 23 are set
to Rthi=89 nm and Roi=9 nm. Additionally, values of a retar-
dation Rthi in the thickness direction and an in-plane retar-
dation Roi of each of the first and second retardation plates 26
and 27 are set to Rthi=50 nm and Roi=64 nm. Further, a
retardation Rthi in the thickness direction of each of the first
and second optical films 28 and 29 is set to =160 nm (an
in-plane retardation Roi of this optical film 28 or 29 is set to
zero). As explained above, a total value of the values of the
retardations in the thickness direction of the plurality of opti-
cal layers between the first polarizing layer 12 and the second
polarizing layer 16 excluding the liquid crystal layer 10 and
the value of the retardation in the liquid crystal layer thickness
direction of the liquid crystal layer 10 is set to the range of
0+80 nm.

[0125] FIGS. 16A to 16D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display Ts,, and 20% gradation display T,, of the
liquid crystal display device according to this embodiment.
FIG. 16 A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 16B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 16C shows viewing angle characteristics in a direction
from the lower left to the lower right of the screen, and FIG.
16D shows viewing angle characteristics in a direction from
the lower right to the upper left of the screen.

[0126] As shown in FIGS. 16A to 16D, the liquid crystal
display device according to this embodiment has viewing
angle characteristics that angle dependency of a transmit-
tance in each direction, i.e., the right-and-left direction, the
up-and-down direction, the direction from the lower left to the
lower right, and the direction from the lower right to the upper
left in the screen is improved and inversion of the intermedi-
ate gradation does not occur in a wide angle range in each of
the these directions. A viewing angle is wide and contrast is
high in the right-and-left direction, the direction from the
lower left to the lower right, and the direction from the lower
right to the upper left in particular.

Fourth Embodiment

[0127] FIGS.17t019 show a fourth embodiment according
to the present invention, and FIG. 17 is a schematic cross-
sectional view of a liquid crystal display device.

[0128] The liquid crystal display device according to this
embodiment has a structure where the optical film 29 pro-
vided in the third embodiment is further arranged either
between the first retardation plate 26 and the first viewing
angle compensating plate 19 or between the second retarda-
tion plate 27 and the second viewing angle compensating
plate 22, e.g., between the first retardation plate 26 and the
first viewing angle compensating plate 19 in the liquid crystal
display device according to the second embodiment. A plu-
rality of optical layers between a first polarizing layer 12 and
a second polarizing layer 16 excluding a liquid crystal layer
10 include base films 14 and 18 on surfaces of the first and
second polarizing layers 12 and 16 facing a pair of substrates
2 and 3 of a liquid crystal cell 1, the first and second viewing
angle compensating layers 20 and 23 and their base films 21
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and 24, the first and second retardation plates 26 and 27, and
the optical film 29. Itis to be noted that other structures of the
liquid crystal display device according to this embodiment
are substantially the same as those according to the third
embodiment.

[0129] FIG. 18 show aligning treatment directions 7a and
8a of first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a of the
polarizing layers 12 and 16 of the first and second polarizing
plates 11 and 15, optical axis directions 20a and 23a of the
viewing angle compensating layers 20 and 23 of the first and
second viewing angle compensating plates 19 and 22, direc-
tions of retardation axes 26a and 27a of the first and second
retardation plates 26 and 27, and a direction of an optical axis
29a of the optical film 29.

[0130] As shown in FIG. 18, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 164 of the polarizing layers 12 and 16 of the first
and second polarizing plates 11 and 15, and the optical axis
directions 20a and 23a of the viewing angle compensating
layers 20 and 23 of the first and second viewing angle com-
pensating plates 19 and 22 are the same as those in the second
embodiment. Further, the direction of the retardation axis 26a
of the first retardation plate 26, the direction of the retardation
axis 27a of the second retardation plate 27 are the same as
those in the third embodiment. It is to be noted that the
direction of the optical axis 29a of the optical film 29 is
perpendicular to substrate surfaces of the liquid crystal cell 1.
[0131] Furthermore, in this embodiment, a value of And of
the liquid crystal layer 10 in the liquid crystal cell 1 is set to
386 nm, and values of a retardation Rthi in a thickness direc-
tion and an in-plane retardation Roi of each of the first and
second viewing angle compensating layers 20 and 23 are set
to Rthi=159 nm and Roi=-38 nm. Moreover, values of a
retardation Rthi in the thickness direction and an in-plane
retardation Roi of each of the base films 14 and 18 on the
surfaces of the first and second compensating layers 16 facing
the liquid crystal cell 1 and each of the base films 21 and 24 of
the first and second viewing angle compensating layers 20
and 23 are set to Rthi=89 nm and Roi=9 nm. Additionally,
values of a retardation Rthi in the thickness direction and an
in-plane retardation Roi of each of the first and second retar-
dation plates 26 and 27 are set to Rthi=50 nm and Roi=64 nm.
Further, a retardation Rthi in the thickness direction of the
optical film 28 is set to —160 nm (an in-plane retardation Roi
of this optical film 28 is 0). In this manner, a total value of the
value of the retardations in the thickness value of the plurality
of optical layers between the first polarizing layer 12 and the
second polarizing layer 16 excluding the liquid crystal layer
10 and a value of a retardation in the liquid crystal layer
thickness direction of the liquid crystal layer 10 is set to fall
within the range of 0+80 nm.

[0132] FIGS. 19A to 19D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display Ts,, and 20% gradation display T, of the
liquid crystal display device according to this embodiment.
FIG. 19A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 19B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 19C shows viewing angle characteristics in a direction
from the lower left to the lower right, and FIG. 19D shows
viewing angle characteristics in a direction from the lower
right to the upper left.
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[0133] As shown in FIGS. 19A to 19D, the liquid crystal
display device according to this embodiment has viewing
angle characteristics that angle dependency of a transmit-
tance in each direction, i.e., the right-and-left direction, the
up-and-down direction, the direction from the lower left to the
lowerright, and the direction from the lower right to the upper
left is improved and inversion of an intermediate gradation
does not occur in a wide angle range in each of the these
direction. In particular, a viewing angle is wide and contrast is
high in the right-and-left direction, the direction from the
lower left to the lower right, and the direction from the lower
right to the upper left.

Fifth Embodiment

[0134] FIGS. 20 to 22 show a fifth embodiment according
to the present invention, and FIG. 20 is a schematic cross-
sectional view of a liquid crystal display device.

[0135] The liquid crystal display device according to this
embodiment has a structure where first and second viewing
angle compensating layers 20 and 23 are formed on plate
surfaces of first and second retardation plates 26 and 27 in the
liquid crystal display device according to the second embodi-
ment. A plurality of optical layers between a first polarizing
layer 12 and a second polarizing layer 16 excluding a liquid
crystal layer 10 include base films 14 and 16 on surfaces of the
first and second polarizing layers 12 and 16 facing a pair of
substrates 2 and 3 of a liquid crystal cell 1, the first and second
viewing angle compensating layers 20 and 23, and the first
and second retardation plates 26 and 27. It is to be noted that
other structures of the liquid crystal display device according
to this embodiment are substantially the same as those in the
second embodiment.

[0136] FIG. 21 shows aligning treatment directions 7a and
8a of first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a ofthe
polarizing layers 12 and 16 of first and second polarizing
plates 11 and 15, optical axis directions 20a and 23a of the
first and second viewing angle compensating layers 20 and
23, and directions of retardation axes 26a and 27a of the first
and second retardation plates 26 and 27 in the liquid crystal
display device according to the present invention.

[0137] As shown in FIG. 21, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 16a of the polarizing layers 12 and 16 of the first
and second polarizing plates 11 and 15, and the optical axis
directions 20a and 23a of the first and second viewing angle
compensating layers 20 and 23 are the same as those in the
first embodiment. Furthermore, the direction of the retarda-
tion axis 26a of the first retardation plate 26 and the direction
of the retardation axis 27a of the second retardation plate 27
are the same as those in the third embodiment.

[0138] Moreover, in this embodiment, a value of And of the
liquid crystal layer 10 in the liquid crystal cell 1 is set to 385
nm, and values of a retardation Rthi in a thickness direction
and an in-plane retardation Roi of each of the first and second
viewing angle compensating layers 20 and 23 are set to
Rthi=70 nm and Roi=—47 nm. Additionally, values of a retar-
dation Rthi in the thickness direction and an in-plane retar-
dation Roi of each of the base films 14 and 18 on the surfaces
of the first and second polarizing layers 16 facing the liquid
crystal cell 1 are set to Rthi=89 nm and Roi=9 nm. Further,
values of a retardation Rthi in the thickness direction and an
in-plane retardation Roi of each of the first and second retar-
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dation plates 26 and 27 are set to Rthi=55 nm and Roi=71 nm.
In this manner, a total value of the retardation values in the
thickness direction of the plurality of optical layers between
the first polarizing layer 12 and the second polarizing layer 16
excluding the liquid crystal layer 10 and a retardation value in
a liquid crystal layer thickness direction of the liquid crystal
layer 10 is set to fall within the range of 0+80 nm.

[0139] Inthe liquid crystal display device according to this
embodiment, since the first and second viewing angle com-
pensating layers 20 and 23 are formed on the plate surfaces of
the first and second retardation plates 26 and 27, the base
films 14 and 18 alone on the surfaces of the first and second
polarizing layers 12 and 16 facing the liquid crystal cell 1 are
determined as the base films having the retardations in the
thickness direction among the plurality of optical layers
between the first polarizing layer 12 and the second polariz-
ing layer 16. Since the number of the base films having the
retardations in the thickness direction is reduced in this man-
ner, the angle dependency of a transmittance is further effi-
ciently improved.

[0140] FIGS. 22A to 22D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display T, and 20% gradation display T, of the
liquid crystal display device according to this embodiment.
FIG. 22A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 22B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 22C shows viewing angle characteristics in a direction
from the lower left to the lower right of the screen, and FIG.
22D shows viewing angle characteristics of a direction from
the lower right to the upper left of the screen.

[0141] As shown in FIGS. 22A to FIG. 22D, the liquid
crystal display device according to this embodiment has
viewing angle characteristics that angle dependency of a
transmittance in each direction, i.e., the right-and-left direc-
tion, the up-and-down direction, the direction from the lower
left to the lower right, and the direction from the lower right to
the upper left and inversion of an intermediate gradation does
notoccur in a wide angle range in each of these directions. In
particular, a viewing angle is wide and contrast is high in the
right-and-left direction, the direction from the lower left to
the lower right, and the direction from the lower right to the
upper left.

Sixth Embodiment

[0142] FIGS. 23 to 25 show a sixth embodiment according
to the present invention, and FIG. 23 is a schematic cross-
sectional view of a liquid crystal display device.

[0143] The liquid crystal display device according to this
embodiment has a structure where base films 13 and 17 are
provided on outer surfaces alone of first and second polariz-
ing layers 12 and 16 opposite to surfaces of the same facing a
pair of substrates 2 and 3 of a liquid crystal cell 1 and first and
second retardation plates 26 and 27 are respectively lami-
nated on the surfaces of the first and second polarizing layers
12 and 16 facing the liquid crystal cell 1. A plurality of optical
layers between the first polarizing layer 12 and the second
polarizing layer 16 excluding a liquid crystal layer 10 include
the first and second retardation plates 26 and 27, the first and
second viewing angle compensating layers 20 and 23, and
base films 21 and 24 of these viewing angle compensating
layers 20 and 23. It is to be noted that other structures of the
liquid crystal display device according to this embodiment
are substantially the same as those in the second embodiment.
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[0144] FIG. 24 shows aligning treatment directions 7a and
8a of first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a ofthe
first and second polarizing layers 12 and 16, optical axis
directions 20a and 23a of the first and second viewing angle
compensating layers 20 and 23, and directions of retardation
axes 26a and 27a of the first and second retardation plates 26
and 27 in the liquid crystal display device according to this
embodiment.

[0145] As shown in FIG. 24, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 164 of the first and second polarizing layers 12
and 16, the optical axis directions 20a and 23a of the first and
second viewing angle compensating layers 20 and 23, and the
directions of the retardation axes 26a and 274 of the first and
second retardation plates 26 and 27 are the same as those in
the first embodiment.

[0146] Further, in this embodiment, a value of And of a
liquid crystal layer 10 of the liquid crystal cell 1 is set to 420
nm, values of a retardation Rthi in a thickness direction and an
in-plane retardation Roi of each of the first and second view-
ing angle compensating layers 20 and 23 are set to Rthi=159
nm and Roi=-38 nm. Furthermore, values of a retardation
Rthi in the thickness direction and an in-plane retardation Roi
of each of the base films 21 and 24 of the first and second
viewing angle compensating layers 20 and 23 are set to
Rthi=89 nm and Roi=9 nm. Moreover, values of a retardation
Rthi in the thickness direction and an in-plane retardation Roi
of the first and second retardation plates 26 and 27 are set to
Rthi=175 nm and Roi=35 nm. A total value of the retardation
values in the thickness direction of the plurality of optical
layers between the first polarizing layer 12 and the second
polarizing layer 16 excluding the liquid crystal layer 10 and a
retardation value in a liquid crystal layer thickness direction
of the liquid crystal layer 10 is set to fall within the range of
0+80 nm in this manner.

[0147] Inthe liquid crystal display device according to this
embodiment, the base films 13 and 17 are provided on the
outer surfaces alone of the first and second polarizing layers
12 and 16, and the first and second retardation plates 26 and
27 are laminated on the surfaces of the first and second polar-
izing layers 12 and 16 facing the liquid crystal cell 1. Thus, the
base films 21 and 24 of the first and second viewing angle
compensating layers 20 and 23 alone are determined as the
base films having the retardations in the thickness direction
among the plurality of optical layers between the first polar-
izing layer 12 and the second polarizing layer 16. Since the
number of base films having the retardations in the thickness
direction is reduced in this manner, the angle dependency of
a transmittance is further effectively improved.

[0148] FIGS. 25A to 25D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display Ts,, and 20% gradation display T,, of a
liquid crystal display device according to this embodiment.
FIG. 25A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 25B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 25C shows viewing angle characteristics of a direction
from the lower left to the lower right of the screen, and FIG.
25D shows viewing angle characteristics in a direction from
the lower right to the upper left of the screen.

[0149] As shown in FIGS. 25A to 25D, the liquid crystal
display device according to this embodiment has viewing
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angle characteristics that the angle dependency of a transmit-
tance in each direction, i.e., the right-and-left direction, the
up-and-down direction, the direction from the lower left to the
lower right, and the direction from the lower right to the upper
left of the screen is improved and inversion of an intermediate
gradation does notoccur in awide angle range in each of these
directions. In particular, a viewing angle is wide and contrast
is high in the right-and-left direction, the direction from the
lower left to the lower right, and the direction from the lower
right to the upper left.

Seventh Embodiment

[0150] FIGS. 26 to 28 show a seventh embodiment accord-
ing to the present invention, and FIG. 26 is a schematic
cross-sectional view of a liquid crystal display device.
[0151] The liquid crystal display device according to this
embodiment has a structure where base films 13 and 17 are
provided on outer surfaces alone of first and second polariz-
ing layers 12 and 16 opposite to surfaces of the same facing a
pair of substrates 2 and 3 of a liquid crystal cell 1, first and
second retardation plates 26 and 27 are laminated on the
surfaces of the first and second polarizing layers 12 and 16
facing the liquid crystal cell 1, and first and second viewing
angle compensating layers 20 and 23 are formed on surfaces
of the first and second retardation plates 26 and 27 facing the
liquid crystal cell 1 in the liquid crystal display device accord-
ing to the second embodiment. A plurality of optical layers
between the first polarizing layer 12 and the second polariz-
ing layer 16 excluding a liquid crystal layer 10 include the
first and second retardation plates 26 and 27 and the first and
second viewing angle compensating layers 20 and 23. It is to
be noted that other structures of the liquid crystal display
device according to this embodiment are substantially the
same as those in the second embodiment.

[0152] FIG. 27 shows aligning treatment directions 7a and
8a of first and second alignment films 7 and 8 of the liquid
crystal cell 1, directions of absorption axes 12a and 16a of the
first and second polarizing layers 12 and 16, optical axis
directions 20a and 23a of the first and second viewing angle
compensating layers 20 and 23, and directions of retardation
axes 26a and 27a of the first and second retardation plates 26
and 27 in the liquid crystal display device according to this
embodiment.

[0153] As shown in FIG. 27, the aligning treatment direc-
tions 7a and 8a of the first and second alignment films 7 and
8 of the liquid crystal cell 1, the directions of the absorption
axes 12a and 164 of the first and second polarizing layers 12
and 16, and the optical axis directions 20a and 23a of the first
and second viewing angle compensating layers 20 and 23 are
the same as those in the first embodiment. The first retardation
plate 26 is arranged so that its retardation axis 26a sets to
parallel with a direction crossing a lateral axis direction of the
screen counterclockwise as seen from an observation side at
an angle of substantially 100°. The second retardation plate
27 is arranged so that its retardation axis 274 sets to parallel
with a direction crossing the lateral axis direction of the
screen counterclockwise as seen from the observation side at
an angle of substantially 10°, i.e., a direction substantially
perpendicular to the retardation axis 26a of the first retarda-
tion plate 26.

[0154] Further, in this embodiment, a value of And of the
liquid crystal layer 10 of the liquid crystal cell 1 is set to 430
nm, and values of a retardation Rthi in a thickness direction
and an in-plane retardation Roi of each of the first and second
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viewing angle compensating layers 20 and 23 are set to
Rthi=70 nm and Roi=-47 nm. Furthermore, values of a retar-
dation Rthi in the thickness direction and an in-plane retar-
dation Roi of each of the first and second retardation plates 26
and 27 are set to Rthi=70 nm and Roi=48 nm. In this manner,
a total value of the retardation values in the thickness direc-
tion of the plurality of optical layers between the first polar-
izing layer 12 and the second polarizing layer 16 excluding
the liquid crystal layer 10 and a retardation value in a liquid
crystal layer thickness direction of the liquid crystal layer 10
is set to fall within the range of 0+80 nm.

[0155] Inthe liquid crystal display device according to this
embodiment, the base films 13 and 17 are provided on the
outer surfaces alone of the first and second polarizing layers
12 and 16 opposite to the surfaces facing the pair of substrates
2 and 3 of the liquid crystal cell 1, the first and second
retardation plates 26 and 27 are laminated on the surfaces of
the first and second polarizing layers 12 and 16 facing the
liquid crystal cell 1, and the first and second viewing angle
compensating layers 20 and 23 are formed on the surfaces of
the first and second retardation plates 26 and 27 facing the
liquid crystal cell 1. Thus, base films having retardations in
the thickness direction are eliminated from the plurality of
optical layers between the first polarizing layer 12 and the
second polarizing layer 16, and the base films 21 and 24 alone
of the first and second viewing angle compensating layers 20
and 23 are adopted. As explained above, since the number of
the base films having the retardations in the thickness direc-
tion is reduced, the angle dependency of a transmittance is
further effectively improved.

[0156] FIGS. 28A to 28D are viewing angle characteristic
views at the time of white display T, black display T, 50%
gradation display T, and 20% gradation display T, of the
liquid crystal display device according to this embodiment.
FIG. 28A shows viewing angle characteristics in a right-and-
left direction of a screen, FIG. 28B shows viewing angle
characteristics in an up-and-down direction of the screen,
FIG. 28C shows viewing angle characteristics in a direction
from the lower left to the lower right of the screen, and FIG.
28D shows viewing angle characteristics in a direction from
the lower right to the upper left of the screen.

[0157] As shown in FIGS. 28A to 28D, the liquid crystal
display device according to this embodiment has viewing
angle characteristics that the angle dependency of a transmit-
tance in each direction, i.e., the right-and-left direction, the
up-and-down direction, the direction from the lower left to the
lower right, and the direction from the lower right to the upper
left of the screen is improved and inversion of the intermedi-
ate gradation does not occur in a wide angle range in each of
these directions. In particular, a viewing angle is wide and
contrast is high in the right-and-left direction, the direction
from the lower left to the lower right, and the direction from
the lower right to the upper left.

Other Embodiments

[0158] Although each of the first and second viewing angle
compensating layers 20 and 23 according to each of the
foregoing embodiments is formed of discotic liquid crystal
layer in when discotic liquid crystal molecules 25 are hybrid-
aligned, the first and second viewing angle compensating
layers are notrestricted to the discotic liquid crystal layer, and
it may be formed of a liquid crystal layer in which, e.g,,
elongated spherical liquid crystal molecules are inclined and
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aligned in one direction with respect to a plane parallel to the
substrate surfaces of the liquid crystal cell 1.

[0159] Furthermore, although the liquid crystal display
device according to each of the foregoing embodiments is of
a normally white type in which the first polarizing layer 12
and the second polarizing layer 16 are arranged so that their
absorption axes 12a and 16a are substantially perpendicular
to each other, the liquid crystal display device may be of a
normally black type in which the first polarizing layer 12 and
the second polarizing layer 16 are arranged so that their
absorption axes 12a and 164 are substantially parallel to each
other.

[0160] Asexplained above, the liquid crystal display device
according to the present invention includes: a liquid crystal
cell that includes a pair of substrates each having at least one
electrode and an alignment film that covers this electrode
being provided on each of inner surfaces facing each other,
and a liquid crystal layer that is sandwiched between these
substrates and includes liquid crystal molecules twist-aligned
at substantially 90°; first and second polarizing plates that are
arranged on both sides of the liquid crystal cell, and each of
which includes a polarizing layer having a transmission axis
allowing transmission of linear polarized light and an absorp-
tion axis in a direction perpendicular to the transmission axis
and at least one base film that holds this polarizing layer; and
first and second viewing angle compensating layers that are
respectively arranged between the liquid crystal cell and the
first and second polarizing plates, and each of which has a
phase difference within a plane parallel to the substrate sur-
faces of the liquid crystal cell and a phase difference within a
plane perpendicular to the substrate surfaces. A total value of
retardations in a thickness direction, each of which is a prod-
uct of a phase difference within the plane perpendicular to the
substrate surfaces and a layer thickness, of a plurality of
optical layers between the first and second polarizing layers,
including at least the first and second viewing angle compen-
sating layers but excluding the liquid crystal layer, is set to a
value that cancels out a retardation in a liquid crystal layer
thickness direction, which is a product of a phase difference
within the plane perpendicular to the substrate surfaces and a
liquid crystal layer thickness, of the liquid crystal layer when
avoltage that is sufficiently high to raise and align the liquid
crystal molecules with respect to the substrate surfaces is
applied to the liquid crystal layer between the electrodes of
the first and second substrates.

[0161] In this liquid crystal display device, it is preferable
for the retardation in the thickness direction of each of the
plurality of optical layers and the retardation in the liquid
crystal layer thickness direction of the liquid crystal layer to
be set so that a value obtained by adding a total value of the
retardations in the thickness direction of the plurality of opti-
cal layers and the value of the retardation in the liquid crystal
layer thickness direction of the liquid crystal layer falls within
the range of —80 nm to +80 nm.

[0162] Furthermore, in this liquid crystal display device, it
is preferable for the value of the retardation in the liquid
crystal layer thickness direction of the liquid crystal layer
when a voltage that is sufficiently high to raise and align the
liquid crystal molecules is applied and the total value of the
retardations in the thickness direction of the plurality of opti-
cal layers between the first and second polarizing layers
excluding the liquid crystal layer to be set so that a difference
between absolute values of these values is not greater than 80
nm and these values have a positive and a negative signs
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opposite to each other. In this case, it is preferable for the
retardation in the liquid crystal layer thickness direction to be
a value calculated by multiplying a value of a product And of
an anisotropic refractive index An of a liquid crystal material
constituting the liquid crystal layer and a liquid crystal layer
thickness d by a coefficient in the range of 0.72 to 0.89 that is
selected in accordance with a pre-tilt angle of the liquid
crystal molecules with respect to the substrate surfaces and a
value of the voltage that is sufficiently high to raise and align
the liquid crystal molecules. Moreover, in regard to each of
the plurality of optical layers excluding the liquid crystal
layer between the first polarizing layer and the second polar-
izing layer, assuming that one and the other of two directions
perpendicular to each other within a plane parallel to the
substrate surfaces are an X axis and a Y axis, a thickness
direction perpendicular to the substrate surfaces is a 7 axis, a
refractive index inthe X axis direction is nx, a refractive index
in the Y axis direction is ny, a refractive index in the Z axis
direction is nz, and a layer thickness of the optical layer is d,
itis preferable for a total value of retardations in the thickness
direction of the respective optical layer each of which is
expressed as {(nx+ny)/2-nz}-d to be set to a value that is
substantially equal to a value calculated by multiplying a
value of the product And of the anisotropic refractive index An
of the liquid crystal material constituting the liquid crystal
layer and the liquid crystal layer thickness d by a coefficient
in the range of 0.72 to 0.89 selected in accordance with a
pre-tilt angle of the liquid crystal molecules with respect to
the substrate surfaces and a value of the voltage that is suffi-
ciently high to raise and align the liquid crystal molecules.
Additionally, it is preferable for the total value of the retar-
dation values in the thickness direction of the respective opti-
cal layers between the first and second polarizing layers
excluding the liquid crystal layer to be set substantially equal
to a value calculated by multiplying the product And of the
anisotropic refractive index An of the liquid crystal material
constituting the liquid crystal layer and the liquid crystal layer
thickness d by a coefficient 0.83.

[0163] In the liquid crystal display device according to the
present invention, it is preferable for a total value of in-plane
retardations of the respective optical layers between the first
and second polarizing layers including the liquid crystal layer
to be set to the range of 350 nm to 600 nm, the in-plane
retardation of each optical layer being a product of an in-plane
phase difference within a plane parallel to the substrate sur-
faces and a layer thickness of each optical layer.

[0164] In the liquid crystal display device according to the
present invention, the liquid crystal cell includes: a first sub-
strate having at least one first electrode and a first alignment
film that covers the first electrode and is subjected to an
aligning treatment in a predetermined first direction being
provided on one surface thereof; a second substrate that is
arranged to face an electrode formation surface of the first
substrate, and has at least one second electrode facing the first
electrode and a second alignment film that covers the second
electrode and is subjected to an aligning treatment in a second
direction crossing the first direction at an angle of substan-
tially 90° being provided on a surface facing the first sub-
strate; and a liquid crystal layer that is twist-aligned and held
at atwisted angle of substantially 90° between the first align-
ment film of the first substrate and the second alignment film
of the second substrate. It is preferable for the first polarizing
plate has a first polarizing layer to have an absorption axis in
adirection crossing an aligning treatment direction of the first
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alignment film at an angle of substantially 45°, and for the
second polarizing plate to have a second polarizing layer
having an absorption axis in a direction substantially perpen-
dicular to or substantially parallel to the absorption axis of the
first polarizing layer.

[0165] In the liquid crystal display device according to the
present invention, each of the first and second polarizing
layers preferably includes a base film formed of a resin film
that is provided on at least a surface of the polarizing layer
facing the first or second substrate and has a retardation in a
thickness direction, which is a product of a phase difference
within a plane perpendicular to the substrate surfaces and a
layer thickness. Each of the first and second viewing angle
compensating layers preferably includes a base film formed
of a resin film that is provided on at least one surface of the
viewing angle compensating layer and has a retardation in the
thickness direction, which is a product of a phase difference
within a plane perpendicular to the substrate surfaces and a
layer thickness. The plurality of optical layers between the
first and second polarizing layers excluding the liquid crystal
layer preferably include at least the base films on the surfaces
of the first and second polarizing layers facing the first and
second substrates, the first and second viewing angle com-
pensating layers, and the base films of these viewing angle
compensating layers.

[0166] In the liquid crystal display device according to the
present invention, it is preferable that a first retardation plate
is further arranged between the first polarizing layer and the
first viewing angle compensating layer and a second retarda-
tion plate is further arranged between the second polarizing
layer and the second viewing angle compensating layer. In
this case, each of the first and second polarizing layers pref-
erably includes a base film formed of a resin film that is
provided on at least the surface of the polarizing layer facing
the first or second substrate and has a retardation in the thick-
ness direction, which is a product of a phase difference within
a plane perpendicular to the substrate surfaces and a layer
thickness, and the first and second viewing angle compensat-
ing layers are preferably respectively formed on plate sur-
faces of the first retardation plate and the second retardation
plate. Furthermore, each of the first and second polarizing
layers preferably includes a base film formed of a resin film
arranged on an outer surface of the polarizing layer opposite
to the surface facing the first or second substrate. Each of the
first and second viewing angle compensating layers prefer-
ably includes a base film formed of a resin film that is pro-
vided on at least one surface of the viewing angle compen-
sating layer and has a retardation in the thickness direction,
which is a product of a phase difference in a plane perpen-
dicular to the substrate surfaces and a layer thickness. The
firstand second retardation plates are preferably laminated on
the surfaces of the first and second polarizing layers facing the
first and second substrates, respectively. Moreover, each of
the first and second polarizing layers preferably includes a
base film formed of a resin film arranged on the outer surface
of the polarizing layer opposite to the surface facing the first
or second substrate. The firstand second retardation plates are
preferably laminated on the surfaces of the first and second
polarizing layers facing the first and second substrates,
respectively. The first and second viewing angle compensat-
ing layers are preferably formed on the plate surfaces of the
first and second retardation plates, respectively. Additionally,
it is preferable that an optical film is further arranged either
between the first retardation plate and the first viewing angle
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compensating layer or between the second retardation plate
and the second viewing angle compensating layer, the optical
film having one refractive index nx and the other refractive
index in two directions perpendicular to each other within a
plane parallel to the substrate surfaces, and a refractive index
nz in a thickness direction perpendicular to the substrate
surfaces satisfying a relationship of nx=ny>nz.

[0167] The liquid crystal display device according to the
present invention includes: a first substrate having at least one
electrode and a first alignment film that covers the first elec-
trode and is subjected to an aligning treatment in a predeter-
mined first direction being provided on one surface thereof’; a
second substrate having at least one second electrode that
faces the first electrode and a second alignment film that
covers the second electrode and is subjected to an aligning
treatment in a second direction that crosses the first direction
at an angle of substantially 90° being provided on a surface
facing the first substrate; a liquid crystal layer that is sand-
wiched between the first alignment film of the first substrate
and the second alignment film of the second substrate and
includes liquid crystal molecules twist-aligned at a twisted
angle of substantially 90° between the first alignment film and
the second alignment film; a first polarizing plate including a
first polarizing layer that is arranged to face an outer surface
opposite to an electrode formation surface of the first elec-
trode and has an absorption axis in a direction crossing the
aligning treatment direction of the first alignment film at an
angle of substantially 45°, and a base film formed of a resin
film that is provided on a surface of the first polarizing layer
facing the first substrate and has a retardation in a thickness
direction, which is a product of a phase difference within a
plane perpendicular to substrate surfaces of the first and sec-
ond substrates and a layer thickness; a second polarizing plate
including a second polarizing layer that is arranged to face an
outer surface opposite to an electrode formation surface of the
second substrate and has an absorption axis in a direction
substantially perpendicular to or substantially parallel to the
absorption axis of the first polarizing layer, and a base film
formed of a resin film that is provided on a surface of the
second polarizing layer facing at least the second substrate
and has a retardation in a thickness direction, which is a
product of a phase difference within a plane perpendicular to
the substrate surfaces and a layer thickness; and first and
second viewing angle compensating plates that are respec-
tively arranged between the first substrate and the first polar-
izing plate and between the second substrate and the second
polarizing plate and each of which includes a viewing angle
compensating layer having a phase difference within a plane
parallel to the substrate surfaces and a phase difference within
aplane perpendicular to the substrate surfaces, and a base film
formed of a resin film that is provided on at least one surface
ofthe viewing angle compensating layer and has a retardation
in a thickness direction, which is a product of a phase differ-
ence within the plane perpendicular to the substrate surfaces
and a layer thickness. A total value of the retardation values in
the thickness direction, each of which is a product of a phase
difference within a plane perpendicular to the substrate sur-
faces and a layer thickness, of a plurality of optical layers
between the first polarizing layer of the first polarizing plate
and the second polarizing layer of the second polarizing plate,
the plurality of optical layers including the base films on the
surfaces of at least the first and second polarizing plates
facing the first and second substrates between the first polar-
izing layer of the first polarizing plate and the second polar-
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izing layer of the second polarizing plate, the respective view-
ing angle compensating layers of the first and second viewing
angle compensating plates, and the base films of the first and
second viewing angle compensating plates but excluding the
liquid crystal layer, and a retardation value in a liquid crystal
layer thickness direction, which is a product of a phase dif-
ference within a plane perpendicular to the substrate surfaces
and a liquid crystal layer thickness, of the liquid crystal layer
when a voltage sufficiently high to raise and align the liquid
crystal molecules with respect to the substrate surfaces is
applied to the liquid crystal layer between the electrodes of
the first and second substrates is set to the range of -80 nm to
+80 nm.

[0168] In this liquid crystal display device, it is preferable
for the retardation in the liquid crystal layer thickness direc-
tion to be a value calculated by multiplying a value of a
product And of an anisotropic refractive index An of a liquid
crystal material constituting the liquid crystal layer and a
liquid crystal layer thickness d by a coeflicient in the range of
0.72 to 0.89 selected in accordance with a pre-tilt angle of the
liquid crystal molecules with respect to the substrate surfaces
and a value of the voltage sufficiently high to raise and align
the liquid crystal molecules.

[0169] Furthermore, it is preferable for a total value of
in-plane retardations of the plurality of optical layers between
the first and second polarizing layers, including the plurality
of base films, the plurality of viewing angle compensating
layers, and the liquid crystal layer, to be set to the range 0 350
nm to 600 nm, the in-plane retardation being a product of an
in-plane phase difference within a plane parallel to the sub-
strate surfaces and a layer thickness of each of the plurality of
optical layers.

[0170] Moreover, it is preferable for a first retardation plate
to be arranged between the first polarizing layer and the first
viewing angle compensating layer and a second retardation
plate to be arranged between the second polarizing layer an
the second viewing angle compensating layer.

[0171] The liquid crystal display device according to the
present invention includes: a first substrate having at least one
first electrode and a first alignment film that covers the first
electrode and is subjected to an aligning treatment in a pre-
determined first direction being provided on one surface
thereof; a second substrate that is arranged to face an elec-
trode formation surface of the first electrode and has at least
one second electrode that faces the first electrode and a sec-
ond alignment film that covers the second electrode and is
subjected to an aligning treatment in a second direction cross-
ing the first direction at an angle of substantially 90° being
provided on a surface facing the first substrate; aliquid crystal
layer that is sandwiched between the first alignment film of
the first substrate and the second alignment film of the second
substrate and includes liquid crystal molecules twist-aligned
at atwisted angle of substantially 90° between the first align-
ment film and the second alignment film; a first polarizing
layer that is arranged to face an outer surface opposite to the
electrode formation surface of the first substrate and has an
absorption axis in a direction crossing an aligning treatment
direction of the first alignment film at an angle of substantially
45°; asecond polarizing layer that is arranged to face an outer
surface opposite to an electrode formation surface of the
second substrate and has an absorption axis in a direction
substantially perpendicular to or parallel to the absorption
axis of the first polarizing layer; and first and second viewing
angle compensating layers that are respectively arranged
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between the first polarizing layer of the first substrate and the
second polarizing layer of the second substrate and each of
which has a phase difference within a plane parallel to sub-
strate surfaces of the first and second substrates and a phase
difference within a plane perpendicular to the substrate sur-
faces. Inregard to each ofa plurality of optical layers between
the first and second polarizing layers including at least the
first and second viewing angle compensating layers but
excluding the liquid crystal layer, assuming that one and the
other of two directions perpendicular to each other within a
plane parallel to the substrate surfaces are an X axisand aY
axis, a thickness direction perpendicular to the substrate sur-
faces is a Z axis, arefractive index in the X axis direction isnx,
a refractive index in the Y axis direction is ny, a refractive
index in the 7 axis direction is nz, a layer thickness of the
optical layer is d, a retardation in the thickness direction of
each optical layer represented as {(nx+ny)/2-nz}-d is Rthi, a
retardation in the thickness direction obtained by adding the
values of the retardations Rthi in the thickness direction of the
respective optical layers is Rth, and a product of an anisotro-
pic refractive index An of aliquid crystal material constituting
the liquid crystal layer and aliquid crystal layer thickness d is
And, the retardation Rth in the thickness direction is set to the
range satisfying -80 nm<Rth-0.83 And<80 nm.

[0172] In this liquid crystal display device, in regard to the
plurality of optical layers between the first polarizing layer
and the second polarizing layer, assuming that an in-plane
retardation of each optical layer represented as (nx-ny)-d is
Roi, and an in-plane retardation obtained by adding values of
the in-plane retardations of the respective optical layers is Ro,
itis preferable for each of the in-plane retardation Ro and And
of the liquid crystal layer to be set to the range satisfying
Ro+And=350 nm to 600 nm.

[0173] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal cell including a pair of substrates in which
at least one electrode and an alignment film that covers
the electrode are provided on each of inner surfaces of
the substrates facing each other, and a liquid crystal layer
that is sandwiched between the substrates and includes
liquid crystal molecules twist-aligned at substantially
90°;

first and second polarizing plates that are arranged on both
sides of the liquid crystal cell, each of the polarizing
plates including a polarizing layer having a transmission
axis allowing transmission of linear polarized light and
an absorption axis in a direction perpendicular to the
transmission axis, and at least one base film that supports
the polarizing layer; and

first and second viewing angle compensating layers that are
respectively arranged between the liquid crystal cell and
the first and second polarizing plates, each of the view-
ing angle compensating layers having a phase difference
within a plane parallel to substrate surfaces of the liquid
crystal cell and a phase difference within a plane per-
pendicular to the substrate surfaces,
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wherein a total value of retardations in a thickness direc-
tion, each of which is a product of a phase difference
within a plane perpendicular to the substrate surfaces
and a layer thickness, of a plurality of optical layers
between the first and second polarizing layers, including
at least the first and second viewing angle compensating
layers but excluding the liquid crystal layer, is set to a
value that cancels out a retardation in a liquid crystal
layer thickness direction, which is a product of a phase
difference within a plane perpendicular to the substrate
surfaces and aliquid crystal layer thickness, of the liquid
crystal layer when a voltage sufficiently high to raise and
align the liquid crystal molecules with respect to the
substrate surfaces is applied to the liquid crystal layer
between the electrodes of the first and second substrates.

2. The liquid crystal display device according to claim 1,
wherein the retardation in the thickness direction of each of
the plurality of optical layers and the retardation in the liquid
crystal layer thickness direction of the liquid crystal layer are
set so that a value obtained by adding a total value of the
retardations in the thickness direction of the plurality of opti-
cal layers to a value of the retardation in the liquid crystal
layer thickness direction of theliquid crystal layer falls within
the range of -80 nm to +80 nm.

3. The liquid crystal display device according to claim 1,
wherein a value of the retardation in the liquid crystal layer
thickness direction of the liquid crystal 1ayer when the voltage
sufficiently high to raise and align the liquid crystal molecules
is applied and a total value of the retardations in the thickness
directions of the plurality of optical layers between the first
and second polarizing layers excluding the liquid crystal
layer are set so that a difference between their absolute values
becomes not greater than 80 nm and they have a positive and
a negative signs opposite to each other.

4. The liquid crystal display device according to claim 3,
wherein the retardation in the liquid crystal layer thickness
direction is a value calculated by multiplying a value of a
product And of an anisotropic refractive index An of a liquid
crystal material constituting the liquid crystal layer and a
liquid crystal layer thickness d by a coeflicient in the range of
0.72 to 0.89 selected in accordance with a pre-tilt angle of the
liquid crystal molecules with respect to the substrate surfaces
and a value of the voltage sufficiently high to raise and align
the liquid crystal molecules.

5. The liquid crystal display device according to claim 3,
wherein, in regard to each of the plurality of optical layers
between the first and second polarizing layers excluding the
liquid crystal layer, a total value of the retardations in the
thickness direction of the respective optical layers each of
which is represented as {(nx+ny)/2-nz}-d is set to a value
substantially equal to a value calculated by multiplying a
value of a product And of an anisotropic refractive index An of
a liquid crystal material constituting the liquid crystal layer
and a liquid crystal layer thickness d by a coefficient in the
range of 0.72 to 0.89 selected in accordance with a pre-tilt
angle of the liquid crystal molecules with respect to the sub-
strate surfaces and a value of the voltage sufficiently high to
raise and align the liquid crystal molecules, where one and the
other of two directions perpendicular to each other within a
plane parallel to the substrate surfaces are an X axisandaY
axis, a thickness direction perpendicular to the substrate sur-
faces is aZ axis, nxis arefractive index in the X axis direction,
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ny is arefractive index in theY axis direction, nzis a refractive
index in the Z axis direction, and d is a layer thickness of the
optical layer.

6. The liquid crystal display device according to claim 3,
wherein a total value of the retardations in the thickness
direction of the plurality of optical layers between the first and
second polarizing layers excluding the liquid crystal layer is
set to be substantially equal to a value calculated by multi-
plying a value of a product And of an anisotropic refractive
index An of a liquid crystal material constituting the liquid
crystal layer and a liquid crystal layer thickness d by a coef-
ficient 0.83.

7. The liquid crystal display device according to claim 1,
wherein a total value of in-plane retardations of the plurality
of optical layers between the first and second polarizing lay-
ers including the liquid crystal layer is set to the range of 350
nm to 600 nm, the in-plane retardation being a product of an
in-plane phase difference within a plane parallel to the sub-
strate surfaces and a layer thickness of each of the plurality of
optical layers.

8. The liquid crystal display device according to claim 1,
wherein the liquid crystal cell comprises:

a first substrate in which at least one electrode and a first
alignment film that covers the first electrode and is sub-
jected to an aligning treatment in a predetermined first
direction are provided on one surface thereof;
second substrate that is arranged to face an electrode
formation surface of the first electrode, and in which at
least one second electrode facing the first electrode and
asecond alignment film that covers the second electrode
and is subjected to an aligning treatment in a second
direction crossing the first direction at an angle of sub-
stantially 90° are provided on a surface facing the first
electrode; and
a liquid crystal layer that is twist-aligned and sandwiched

between the first alignment film of the first substrate and
the second alignment film of the second substrate at a
twisted angle of substantially 90°,
wherein the first polarizing plate has a first polarizing layer
having an absorption axis in a direction crossing an
aligning treatment direction of the first alignment film at
an angle of substantially 45°, and

the second polarizing plate has a second polarizing layer
having an absorption axis in a direction substantially
perpendicular to or substantially parallel to the absorp-
tion axis of the first polarizing layer.

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

wherein each of the first and second polarizing layers
includes a base film formed of a resin film that is pro-
vided on at least a surface of the polarizing layer facing
the first or second substrate and has a retardation in the
thickness direction, which is a product of a phase differ-
ence within a plane perpendicular to the substrate sur-
faces and a layer thickness,

each of the first and second viewing angle compensating
layers includes a base film formed of a resin film that is
provided on at least one surface of the viewing angle
compensating layer and has a retardation in the thick-
ness direction, which is a product of a phase difference
within a plane perpendicular to the substrate surfaces
and a layer thickness, and

the plurality of optical layers between the first and second
polarizing layers excluding the liquid crystal layer
include at least the base films on the surfaces of the first
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and second polarizing layers facing the first and second
substrates, the first and second viewing angle compen-
sating layers, and the base films of the viewing angle
compensating layers.

10. The liquid crystal display device according to claim 1,
wherein a first retardation plate is arranged between the first
polarizing layer and the first viewing angle compensating
layer, and a second retardation plate is further arranged
between the second polarizing layer and the second viewing
angle compensating layer.

11. The liquid crystal display device according to claim 10,

wherein each of the first and second polarizing layers
includes a base film formed of a resin film that is pro-
vided on at least a surface of the polarizing layer facing
the first or second substrate and has a retardation in the
thickness direction, which is a product of a phase differ-
ence within a plane perpendicular to the substrate sur-
faces and a layer thickness, and

the first and second viewing angle compensating layers are
respectively formed on plate surfaces of the first retar-
dation plate and the second retardation plate.

12. The liquid crystal display device according to claim 10,

wherein each of the first and second polarizing layers
includes a base film formed of a resin film arranged on an
outer surface of the polarizing layer opposite to a surface
facing the first or second substrate,

each of the first and second viewing angle compensating
layers includes a base film formed of a resin film that is
provided on at least one surface of the viewing angle
compensating layer and has a retardation in the thick-
ness direction, which is a product of a phase difference
within a plate perpendicular to the substrate surfaces and
a layer thickness, and

the first and second retardation plates are respectively lami-
nated on surfaces of the first and second polarizing lay-
ers facing the first and second substrates.

13. The liquid crystal display device according to claim 10,

wherein each of the first and second polarizing layers
includes a base film formed of a resin film that is
arranged on an outer surface of the polarizing layer
opposite to a surface facing the first or second substrate,

the first and second retardation plates are respectively lami-
nated on the surfaces of the first and second polarizing
layers facing the first and second substrates, and

the first and second viewing angle compensating layers are
respectively formed on plate surfaces of the first and
second retardation plates.

14. The liquid crystal display device according to claim 10,
wherein an optical film is further arranged on either between
the first retardation plate and the first viewing angle compen-
sating layer or between the second retardation plate and the
second viewing angle compensating layer, the optical film
having a refractive index nx in one of two directions perpen-
dicular to each other within a plane parallel to the substrate
surfaces, a refractive index ny in the other direction, and a
refractive index nz in the thickness direction perpendicular to
the substrate surfaces, the refractive indices having a relation-
ship of nx=ny>nz.

15. A liquid crystal display device comprising:

a first substrate in which at least one electrode and a first
alignment film that covers the first electrode and is sub-
jected to an aligning treatment in a predetermined first
direction are provided on one surface thereof;
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a second substrate that is arranged to face an electrode
formation surface of the first electrode, and in which at
least one second electrode facing the first electrode and
asecond alignment film that covers the second electrode
and is subjected to an aligning treatment in a second
direction crossing the first direction at an angle of sub-
stantially 90° are provided on a surface facing the first
substrate;

a liquid crystal layer that is sandwiched between the first
alignment film ofthe first substrate and the second align-
ment film of the second substrate and includes liquid
crystal molecules twist-aligned between the first align-
ment film and the second alignment film at a twisted
angle of substantially 90°;

a first polarizing plate that includes a first polarizing layer
that is arranged to face an outer surface opposite to an
electrode formation surface of the first substrate and has
an absorption axis in a direction crossing an aligning
treatment direction of the first alignment film at an angle
of substantially 45°, and a base film formed of a resin
film that is provided on a surface of the first polarizing
layer facing at least the first substrate and has a retarda-
tion in a thickness direction, which is a product of a
phase difference within a plane perpendicular to sub-
strate surfaces of the first and second substrates and a
layer thickness;

a second polarizing plate that includes a second polarizing
layer that is arranged to face an outer surface opposite to
an electrode formation surface of the second substrate
and has an absorption axis in a direction substantially
perpendicular to or substantially parallel to the absorp-
tion axis of the first polarizing layer, and a base film
formed of aresin film that is provided on a surface of the
second polarizing layer facing at least the second sub-
strate and has a retardation in the thickness direction,
which is a product of a phase difference within a plane
perpendicular to the substrate surfaces and a layer thick-
ness; and

first and second viewing angle compensating plates that are
respectively arranged between the first substrate and the
first polarizing plate and between the second substrate
and the second polarizing plate, each viewing angle
compensating plate including a viewing angle compen-
sating layer having a phase difference within a plane
parallel to the substrate surfaces and a phase difference
within a plane perpendicular to the substrate surfaces,
and a base film formed of a resin film that is provided on
at least one surface of the viewing angle compensating
layer and has a retardation in the thickness direction,
which is a product of a phase difference within a plane
perpendicular to the substrate surfaces and a layer thick-
ness,

wherein a total value of the retardation values in the thick-
ness direction, each of which is a product of a phase
difference within a plane perpendicular to the substrate
surfaces and a layer thickness, of a plurality of optical
layers between the first polarizing layer of the first polar-
izing plate and the second polarizing layer of the second
polarizing plate, including at least the base films on the
surfaces of the first and second polarizing plates facing
the first and second substrates, the respective viewing
angle compensating layers of the first and second view-
ing angle compensating plates, and the base films of the
first and second viewing angle compensating plates but
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excluding the liquid crystal layer, and a retardation value
in the liquid crystal layer thickness direction, which is a
product of a phase difference within a plate perpendicu-
lar to the substrate surfaces and a liquid crystal layer
thickness, of the liquid crystal layer when a voltage
sufficiently high to raise and align the liquid crystal
molecules with respect to the substrate surfaces is
applied to the liquid crystal layer between the electrodes
ofthe first and second substrates is set to the range of =80
nm to +80 nm.

16. The liquid crystal display device according to claim 15,
wherein the retardation in the liquid crystal layer thickness
direction is a value calculated by multiplying a value of a
product And of an anisotropic refractive index An of a liquid
crystal material constituting the liquid crystal layer and a
liquid crystal layer thickness d by a coeflicient in the range of
0.72 to 0.89 selected in accordance with a pre-tilt angle of the
liquid crystal molecules with respect to the substrate surfaces
and a value of the voltage sufficiently high to raise and align
the liquid crystal molecules.

17. The liquid crystal display device according to claim 15,
wherein a total value of in-plane retardations, each of which
is a product of an in-plane phase difference within a plane
parallel to the substrate surfaces and a layer thickness, of the
plurality of optical layers between the first and second polar-
izing layers, including the plurality of base films, the plurality
of viewing angle compensating layers, and the liquid crystal
layer, is set to the range of 350 nm to 600 nm.

18. The liquid crystal display device according to claim 15,
further comprising a first retardation plate arranged between
the first polarizing layer and the first viewing angle compen-
sating layer, and a second retardation plate arranged between
the second polarizing layer and the second viewing angle
compensating layer.

19. A liquid crystal display device comprising:

a first substrate in which at least one electrode and a first
alignment film that covers the first electrode and is sub-
jected to an aligning treatment in a predetermined first
direction are provided on one surface thereof;

a second substrate that is arranged to face an electrode
formation surface of the first substrate, and in which at
least one second electrode that faces the first electrode
and a second alignment film that covers the second elec-
trode and is subjected to an aligning treatment in a sec-
ond direction crossing the first direction at an angle of
substantially 90° are provided on a surface facing the
first substrate;

a liquid crystal layer that is sandwiched between the first
alignment film of the first substrate and the second align-
ment film of the second substrate and includes liquid
crystal molecules twist-aligned between the first align-
ment film and the second alignment film at a twisted
angle of substantially 90°;
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a first polarizing layer that is arranged to face an outer
surface opposite to the electrode formation surface of the
first substrate and has an absorption axis in a direction
crossing an aligning treatment direction of the first
alignment film at an angle of substantially 45°;

a second polarizing layer that is arranged to face an outer
surface opposite to an electrode formation surface of the
second substrate and has an absorption axis in a direc-
tion substantially perpendicular to or substantially par-
allel to the absorption axis of the first polarizing layer;
and

first and second viewing angle compensating layers that are
respectively arranged between the first substrate and the
first polarizing layer and between the second substrate
and the second polarizing layer, each viewing angle
compensating layer having a phase difference within a
plane parallel to substrate surfaces of the first and second
substrates and a phase difference within a plane perpen-
dicular to the substrate surfaces,

wherein, in regard to a plurality of optical layers between
the first and second polarizing layers including at least
the first and second viewing angle compensating layers
but excluding the liquid crystal layer, a retardation Rth in
a thickness direction is set to the range satisfying the
following expression:

-80 nm<R#/#-0.83 And<80 nm,

where one and the other of two directions perpendicular to
each other within a plane parallel to the substrate surfaces are
an X axis and aY axis, a thickness direction perpendicular to
the substrate surfaces is a Z axis, nx is a refractive index in the
X axis direction, ny is a refractive index in the Y axis direc-
tion, nz is arefractive index in the Z axis direction, d is a layer
thickness of the optical layer, Rthi is a retardation in the
thickness direction of each optical layer represented as {(nx+
ny)/2-nz}-d, Rth is the retardation in the thickness direction
obtained by adding values of the retardations Rthi in the
thickness direction of the respective optical layers, and And is
a product of an anisotropic refractive index An of a liquid
crystal material constituting the liquid crystal layer and a
liquid crystal thickness d.

20. The liquid crystal display device according to claim 19,
wherein, in regard to the plurality of optical layers between
the first polarizing layer and the second polarizing layer, an
in-plane retardation Ro and And of the liquid crystal layer are
set to the range satisfying the following expression:

Ro+And=350 nm to 600 nm,
where Roi is an in-plane retardation of each optical layer
represented as (nx-ny)-d and Ro is the in-plane retardation

obtained by adding values of the in-plane retardations of the
respective optical layers.
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