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(57) ABSTRACT

The present invention provides a liquid crystal display device
in which viewing angle characteristics are improved without
impairing transmittance. A liquid crystal display device of the
present invention, comprises:

a liquid crystal display panel including a liquid crystal
layer and a pair of substrates sandwiching the liquid
crystal layer; and

a backlight unit disposed on a back side of the liquid crystal
display panel,

one of the pair of substrates including a pair of comb-
shaped electrodes each having comb teeth, the comb
teeth of one of the pair of comb-shaped electrodes and
the comb teeth of the other of the pair of comb-shaped
electrodes being disposed alternately and spaced apart
from each other,

the liquid crystal layer including liquid crystal molecules
with positive dielectric anisotropy,

the liquid crystal molecules being aligned in a direction
perpendicular to a surface of the one of the pair of
substrates when no voltage is applied, and

a difference between a proportion of liquid crystal molecules
aligned in directions at angles of from 20° to 60° and angles
of'from —60° to —20° to the surface of the one of the substrates
during white display relative to all liquid crystal molecules
contained in the liquid crystal layer, and a proportion of light
emitted in directions at angles of from 20° to 60° and angles
of'from —60° to —20° to the surface of the one of the substrates
relative to all light emitted from the backlight unit and enter-
ing the liquid crystal display panel being less than 20%.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More particularly, the present invention relates to
aliquid crystal display device suitably used as a liquid crystal
display device with a display mode for imparting vertical
alignment as the initial alignment to liquid crystal molecules,
and controlling the liquid crystal molecules by an electric
field (for example, a transverse electric field) generated.

BACKGROUND ART

[0002] Liquid crystal display devices have been widely
used in various fields because of its characteristics such as
thinness, light weight, and low power consumption. Liquid
crystal display devices are generally provided with backlight
units for display. The backlight units emit light, and the light
is controlled by liquid crystal.

[0003] Sunlight may be used as light sources for display by
reflecting the sunlight. However, liquid crystal display
devices which are mainly used indoors such as word proces-
sors, laptop personal computers, and on-vehicle display
devices, and liquid crystal display devices which are used
outdoors and constantly needing a certain brightness require
backlight units including light sources.

[0004] Examples of members of backlight units include, in
addition to light sources, reflective sheets, diffusion sheets,
and prism sheets. Edge light backlight units and direct back-
light units are generally known as backlight units.

[0005] Directbacklight units include light sources arranged
to face liquid crystal display panels. Light emitted from the
light sources linearly passes through optical sheets, such as
diffusion sheets and prism sheets, arranged on the light
sources, and goes out from the backlight units as display light.
[0006] Edge light backlight units have light guide plates.
Light emitted from the light sources enters the light guide
plates from the side faces of the light guide plates, and is
reflected and diffused. The resulting light is then emitted as
planar light from main faces of the light guide plates. The
light further passes through optical sheets, such as diffusion
sheets and prism sheets, and goes out as display light from the
backlight units. Liquid crystal display devices including
small screens can perform display with low power consump-
tion because of their small number of light sources. There-
fore, edge light backlight units suitable for realizing thin-
profile devices are commonly used in such liquid crystal
display devices.

[0007] Liquid crystal display devices need to have viewing
angle characteristics such that the same display can be
observed when a display screen is viewed in any direction.
Liquid crystal molecules that switches ON and OFF of liquid
crystal display have birefringence and each have a rod shape.
Therefore, light traveling in a front direction and light trav-
eling in an oblique direction, relative to the display screen, are
converted in different ways, which causes deterioration of
viewing angle characteristics.

[0008] Technologies for improving viewing angle charac-
teristics of liquid crystal display devices have been studied.
Patent Document 1, for example, discloses a means for com-
pensating a viewing angle in an oblique direction at an angle
of'45° relative to a substrate using a polarized light separator.
The polarized light separator includes a birefringence
medium and a cholesteric layer which are set in certain con-
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ditions. Patent Document 2, for example, discloses a means
for compensating a viewing angle in an oblique direction by
arrangement of an anisotropic scattering film having scatter-
ing anisotropy on a display face of a display device.

[0009] However, the means disclosed in Patent Document 1
causes reduction in transmittance because of its three polar-
izer films. Further, the means disclosed in Patent Documents
2 causes character blurring because display is likely to be
affected by ambient light due to a scattering layer with anisot-
ropy arranged on a display face. In addition, character bleed-
ing is caused due to the scattering layer. Technologies for
improving viewing angle characteristics without using a par-
ticular compensation layer and a particular scattering layer
are not developed yet. In this respect, there is room for
improvement.

[Patent Document 1]

[0010] Japanese Kokai Publication No. Hei-11-64841

[Patent Document 2]

[0011] Japanese Kokai Publication No. 2004-145182
DISCLOSURE OF THE INVENTION
[0012] With the foregoing in view, it is an object of the

present invention to provide a liquid crystal display device in
which viewing angle characteristics are improved without
impairing transmittance.

[0013] Display modes of liquid crystal display devices are
classified according to methods for aligning liquid crystal.
Examples of conventionally known display modes of liquid
crystal display devices include a TN (Twisted Nematic)
mode, a VA (Vertical Alignment) mode, an IPS (In-Plane
Switching) mode, and an OCB (Optically self-Compensated
Birefringence) mode.

[0014] Alternately, a display mode has been recently pro-
posed in which nematic liquid crystal with positive dielectric
anisotropy is used as a liquid crystal material, the nematic
liquid crystal is vertically aligned to provide and maintain
high contrast, and in addition, a transverse electric field is
generated using a pair of comb-shaped electrodes to control
alignment of liquid crystal molecules. How the present inven-
tion is completed will be described with reference to the
above-mentioned mode. The present invention is not limited
to such a mode.

[0015] In the mode, liquid crystal molecules are aligned
along a transverse electric field generated in an arch shape
between a pair of comb-shaped electrodes arranged on one
and the same substrate. According to this, distribution of
directors has a symmetry along a transverse electric field to
have an arch shape, and the directors form bend alignment in
a transverse direction. Each of the directors is a unit vector in
an alignment direction of an axis of each of the liquid crystal
molecules in a liquid crystal layer. As a result, even if a
display face is observed in an oblique direction, display hav-
ing the same display quality as that of display observed in a
front direction can be visually recognized.

[0016] The present inventors noted that liquid crystal dis-
play devices with such modes achieve excellent contrast and
excellent viewing angle characteristics, and made various
investigations on methods for achieving high transmittance in
the liquid crystal display devices with such a mode.

[0017] First, the present inventors noted a backlight unit,
and have made various investigations on distribution of light
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emitted from a common backlight unit. The inventors found
that luminance is different at polar angles of from 0° to +90°
in the distribution of light emitted from a common backlight
unit, when a front direction of a panel plane is defined as a
polar angle of 0°. The inventors further noted that it is pre-
ferred that a proportion of light flux in the range of polar
angles of from 0° to £60° relative to all emitted light is 95%
in distribution of light emitted from such a backlight unit, and
that the distribution is adjusted so that extreme change in
luminance in the range of polar angles of from 0° to +60° is
not observed. Such investigations are performed based on the
assumption that display in the range of polar angles of from 0°
to £60° is likely to be observed by a viewer. Accordingly, an
increase in the proportion of light flux and a decrease in
angular dependence in such a range allow efficient improve-
ments in luminance perceived by a viewer and viewing angle
characteristics.

[0018] The present inventors noted features of such modes
and the distribution of light emitted from a backlight unit, and
further made intensive investigations on them. Particularly,
the present inventors paid attention to distribution of light
emitted from a backlight unit in the range of polar angles of
from £20° to £60°. As a result, the present inventors found
that after the proportion of distribution of light emitted from
a backlight unit in the range of polar angles of from +20° to
+60° is determined, a proportion of director distribution in the
same range described above in the above-mentioned mode is
close to the proportion of distribution of light emitted from a
backlight unit, which achieve high luminance and a widened
viewing angle.

[0019] When the distribution of light emitted from a back-
light unit has high proportion of light focusing in a front
direction and a direction in the vicinity of the front direction,
that is, in a polar angle of up to £20°, less turbulence of the
compensation of liquid crystal is found. However, an amount
of light elements viewed in an oblique direction relative to a
panel plane is extremely reduced compared to that viewed in
the front direction. Therefore, display may not be observed in
a dark panel when the display device is viewed in an oblique
direction. On the other hand, in the case where the proportion
of light in a direction at a polar angle of higher than £20° is
high, luminance viewed in the front direction is lowered.
[0020] From the standpoint of the refractive index of liquid
crystal molecules, in the case where a backlight unit is used,
birefringence is observed in light elements passing through
rod-shaped liquid crystal molecules when the light elements
are viewed in an oblique direction relative to a panel plane.
Specifically, when liquid crystal molecules are sandwiched
between polarizers disposed on the respective uppermost sur-
face and lowermost surface of the panel in a cross arrange-
ment to form an angle of 90° each other, transmittance of the
light elements viewed in the oblique direction modulates
relative to transmittance of light elements in which no optical
birefringence is observed when the panel is directly viewed in
the front direction.

[0021] Light elements with polar angles of from *20° to
+60° out of light elements in which birefringence due to
liquid crystal is observed when viewed in an oblique direction
mainly cause the modulation of transmittance. This is
because birefringence generated in light transmitting through
directors at polar angles of from 0° to +20° is not so large,
which causes less modulation, and the proportion of light flux
of light transmitting through directors at polar angles of from
+60° to £90° is low, and all of the light is reflected on a glass
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substrate included in the panel by total internal reflection,
whereby the light is less affected. That is, if the proportion of
light flux of birefringent light in an oblique direction is similar
to a proportion of liquid crystal molecules at polar angles of
from £20° to +60° in director distribution of all liquid crystal
molecules, less modulation is generated.

[0022] FIGS. 17-1 to 17-3 are conceptual views showing a
state of light transmitting through a liquid crystal molecule in
which the initial inclination is vertical alignment. FIG. 17-1is
a view in the case where no voltage is applied (during black
display), FIG. 17-2 is a view in the case where an intermediate
voltage is applied (during gray display), and FIG. 17-3 is a
view in the case where a voltage is applied (during white
display). As shown in FIGS. 17-1 to 17-3, when a voltage is
applied to a rod-shaped liquid crystal molecule 10 in which
the initial inclination is vertical alignment, the inclination of
the liquid crystal molecule differ in cases, that is, the case
where no voltage is applied, the case where an intermediate
voltage is applied, and the case where a voltage is applied.
Particularly, if an approximately intermediate voltage is
applied to the liquid crystal molecule 10, the length of an
optical path of light in a longitudinal direction of the liquid
crystal molecule 10 is increased when light in an oblique
direction (at polar angles of from +20° to £60° enters the
liquid crystal layer. Here, birefringence is a product of a
refractive-index difference An and a distance d. Therefore,
when a panel plane is viewed in an oblique direction, the
particularly large birefringence is observed in the case where
an intermediate voltage is applied. That is, the transmittance
in a front direction is increased because a birefringence in an
oblique direction is large. As a result, the difference between
luminance in a front direction and luminance in an oblique
direction is increased when an approximately intermediate
voltage is applied.

[0023] When the amount of light in an oblique direction
shown by a dashed line arrow in FIG. 17-2 is increased, the
birefringence in such a direction is increased. The present
inventors found that, in order to avoid such cases, it is pre-
ferred to adjust the direction of the director of the liquid
crystal molecule and the number of optical paths of light, and
that a distribution amount of the director of the liquid crystal
molecule and a distribution amount of light emitted from a
backlight unit are set to be the same, which allows suppres-
sion of birefringence in an oblique direction.

[0024] FIG. 18 is a conceptual view of a mode including
liquid crystal molecules oriented in five different directions.
In FIG. 18, a total of five paths of light passing through the
respective five liquid crystal molecules 10 are represented by
solid line arrows. FIG. 18 shows that the light is adjusted to
take the shortest distance such that no birefringence is gen-
erated, which suppresses the generation of floating luminance
in an oblique direction. In such a case, when two light repre-
sented by dashed line arrows are added, birefringence is gen-
erated in directions represented by the dashed line arrows.
Adjustment of a proportion of director distribution of liquid
crystal in the range of from £20° to £60° to a proportion of
distribution of light in the same range emitted from a back-
light unit is to allow the optimal light for compensation to
pass through each liquid crystal molecule.

[0025] As a result, the present inventors admirably solved
the above-mentioned problems, leading to completion of the
present invention.



US 2011/0304528 Al

[0026] That is, the present invention is a liquid crystal dis-
play device, comprising:

[0027] aliquidcrystal display panel including a liquid crys-
tal layer and a pair of substrates sandwiching the liquid crystal
layer; and

[0028] abacklight unit disposed on a back side of the liquid
crystal display panel,

[0029] one of the pair of substrates including a pair of
comb-shaped electrodes each having comb teeth, the comb
teeth of one of the pair of comb-shaped electrodes and the
comb teeth of the other of the pair of comb-shaped electrodes
being disposed alternately and spaced apart from each other,
[0030] the liquid crystal layer including liquid crystal mol-
ecules with positive dielectric anisotropy,

[0031] theliquid crystal molecules being aligned in a direc-
tion perpendicular to a surface of the one of the pair of
substrates when no voltage is applied, and

a difference between a proportion of liquid crystal molecules
aligned in directions at angles of from 20° to 60° and angles
of from -60° to —20° to the surface of the one of the substrates
during white display relative to all liquid crystal molecules
contained in the liquid crystal layer, and a proportion of light
emitted in directions at angles of from 20° to 60° and angles
of from —60° to —20° to the surface of the one of the substrates
relative to all light emitted from the backlight unit and enter-
ing the liquid crystal display panel being less than 20%.
[0032] The liquid crystal display device of the present
invention includes a liquid crystal display panel including a
liquid crystal layer and a pair of substrates sandwiching the
liquid crystal layer, and a backlight unit disposed on a back
side of the liquid crystal display panel. The liquid crystal layer
is filled with liquid crystal molecules whose alignment is
controlled by applying a certain voltage. The pair of sub-
strates are provided with lines, electrodes, semiconductor
devices, and the like. With such substrates, a voltage is
applied to the liquid crystal layer, which controls alignment of
the liquid crystal molecules. Further, polarizers are formed on
the pair of substrates, which allows the liquid crystal layer to
control light transmission and light blocking. The backlight
unit essentially includes a light source, and is provided with
optical members such as a lens sheet, a diffusion sheet, a
reflective sheet, and a light guide plate. The backlight unit is
disposed on a back face side of the liquid crystal display panel
and emits light to the liquid crystal display panel.

[0033] The one of the pair of substrates includes a pair of
comb-shaped electrodes each having comb teeth. The comb
teeth of one of the pair of comb-shaped electrodes and the
comb teeth of the other of the pair of comb-shaped electrodes
are disposed alternately and spaced apart from each other.
The term “comb-shaped” as used herein refers to a shape
basically composed of a handle portion as a trunk and a
comb-teeth portion protruded from the handle portion. An
electric field is, for example, an arch-shaped transverse elec-
tric field when an electric potential difference is given
between the pair of comb-shaped electrodes. The liquid crys-
tal molecules are aligned according to the direction of such an
electric field, and therefore display in a front direction and
display in an oblique direction, relative to a substrate surface,
are the same as each other.

[0034] The liquid crystal layer includes liquid crystal mol-
ecules with positive dielectric anisotropy (As). Such liquid
crystal molecules are aligned in the same direction as that of
the electric field by applying a certain voltage to the liquid
crystal layer. As a result, for example, the liquid crystal mol-
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ecules show transverse bend alignment. The positive dielec-
tric anisotropy (AE€) preferably satisfies 14<A&<23 under a
general driving method. That is, it is preferred that the liquid
crystal display device includes a source line for supplying a
signal voltage to one of the pair of comb-shaped electrodes,
wherein the positive dielectric anisotropy AE is 14<AE<23.

[0035] Source-polarity-inversion driving by a double
source in which two source lines are used for one pixel
doubles a dynamic range applied to liquid crystal (for
example, when a source voltage is 7V, 14 V can be applied by
using the double source). In the case of using such a means,
the A€ is preferably 2.0to 11.5. That is, it is preferred that the
liquid crystal display device includes a first source line for
supplying a signal voltage and a second source line for sup-
plying a signal voltage, wherein a signal voltage is supplied to
one of the pair of comb-shaped electrodes through the first
source line, and a signal voltage is supplied to the other of the
pair of comb-shaped electrodes through the second source
line, the signal voltage supplied through the first source line
and the signal voltage supplied through the second source line
have polarities opposite to each other, and the positive dielec-
tric anisotropy AE is 2.0<AE<11.5.

[0036] The liquid crystal molecules are aligned in a direc-
tion perpendicular to a surface of the one of the pair of
substrates in a state where no voltage is applied (hereinafter
referred to simply as “vertical alignment”). Thus, the initial
alignment of the liquid crystal molecules is adjusted, which
efficiently blocks light for performing black display. In order
to vertically align the liquid crystal molecules in a state where
no voltage is applied, a vertical alignment film is disposed on
a surface, which is in contact with the liquid crystal layer, of
one or both of the pair of substrates. The terms “vertical” and
“perpendicular” as used herein mean “substantially vertical
to each other” and “substantially perpendicular to each other”
in addition to “completely vertical to each other” and “com-
pletely perpendicular to each other”. Here, if one line is
perpendicular to another line, they preferably form an angle
0f'90+4°. If the angle is less than 86° or exceeds 94°, contrast
may decrease.

[0037] Accordingly, according to the liquid crystal display
device of the present invention, the liquid crystal molecules
are vertically aligned in a state where no voltage is applied,
which achieves high contrast. Further, the liquid crystal mol-
ecules are transversely aligned to form bend alignment in a
state where a voltage is applied, which achieves a wider
viewing angle.

[0038] The difference between the proportion of liquid
crystal molecules aligned in directions at angles of from 20°
to 60° and angles of from —60° to —=20° to the surface of the
one of the substrates to all liquid crystal molecules contained
in the liquid crystal layer during white display, and the pro-
portion of light emitted in directions at angles of from 20° to
60° and angles of from -60° to —20° to the surface of the one
of'the substrates relative to all light emitted from the backlight
unit and entering the liquid crystal display panel is less than
20%. The term “white display” as used herein means display
where the maximum luminance is observed when a display
screen is observed in a front direction relative to a substrate
surface. As mentioned above, the proportion of director dis-
tribution of liquid crystal molecules in directions at polar
angles of from +20° to +60° is close to the proportion of
distribution of light emitted from a backlight unit in directions
at polar angles of from +20° to +60°. Thereby, viewing angle
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characteristics providing display thatis viewed similarly both
in a front direction and in an oblique direction, and high
luminance are achieved.

[0039] It is preferred that the proportion of distribution of
light emitted from a backlight unit in the directions at polar
angles of from +20° to £60° 40 to 51% in backlight distribu-
tion of light emitted from the backlight unit. It is preferred that
the difference between the proportion of liquid crystal mol-
ecules aligned in directions at angles of from 20° to 60° and
angles of from —60° to —20° to the surface of the one of the
substrates to all liquid crystal molecules contained in the
liquid crystal layer during white display, and the proportion of
light emitted in directions at angles of from 20° to 60° and
angles of from —60° to —20° to the surface of the one of the
substrates relative to all light emitted from the backlight unit
and enter the liquid crystal display panel is less than 15%, and
more preferably less than 13%.

[0040] The configuration of the liquid crystal display
device according to the present invention is not especially
limited as long as the above-mentioned components are
essentially comprised. The liquid crystal display device may
or may not comprise other components.

EFFECT OF THE INVENTION

[0041] According to the liquid crystal display device of the
present invention, a high contrast ratio and excellent viewing
angle characteristics are achieved, and in addition, high trans-
mittance is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a perspective view schematically showing
a liquid crystal display device in accordance with Embodi-
ment 1.

[0043] FIG. 2-1 is a cross-sectional view schematically
showing the liquid crystal display device in accordance with
Embodiment 1, where no voltage is applied to a liquid crystal
layer.

[0044] FIG. 2-2 is a cross-sectional view schematically
showing the liquid crystal display device in accordance with
Embodiment 1, where a voltage is applied to a liquid crystal
layer.

[0045] FIG. 3-1 is a cross-sectional view schematically
showing the liquid crystal display device in accordance with
Embodiment 1. FIG. 3-1 shows director distribution and dis-
tribution of light emitted from a backlight unit, during white
display, and particularly shows the entire director distribu-
tion.

[0046] FIG. 3-2 is a cross-sectional view schematically
showing the liquid crystal display device in accordance with
Embodiment 1, FIG. 3-2 shows director distribution during
white display and the distribution of light emitted from the
backlight unit, and particularly shows distribution of direc-
tors in directions at polar angles of from +20° to £60°.
[0047] FIG. 4 is a graph showing the distribution of light
emitted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 1. The distri-
bution is represented by the relationship between a polar
angle and luminance.

[0048] FIG. 5 is a conceptual view created by overlaying
the distribution of directors in directions at polar angles of
from +20° to £60° on the distribution of light emitted from the
backlight unit in directions at polar angles of from *20° to
*60°.
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[0049] FIG. 6is across-sectional view schematically show-
ing a backlight unit included in a liquid crystal display device
in accordance with Embodiment 2.

[0050] FIG. 7 is a graph showing distribution of light emit-
ted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 2. The distri-
bution is represented by the relationship between a polar
angle and luminance.

[0051] FIG. 8is across-sectional view schematically show-
ing a backlight unit included in a liquid crystal display device
in accordance with Embodiment 3.

[0052] FIG. 9 is a graph showing distribution of light emit-
ted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 3. The distri-
bution is represented by the relationship between a polar
angle and luminance.

[0053] FIG. 10 is a graph containing curves of distribution
of light emitted from the backlight units included in the
respective liquid crystal display devices in accordance with
Embodiments 1 to 3. The distribution is represented by the
relationship between a polar angle and luminance.

[0054] FIG. 11 is a graph showing a ratio of a gradation
value at an oblique direction to a gradation value at a front
direction. The measurements are performed on a sample (I)
every 10° in the range of from a front direction (a direction at
a polar angle of 0°) to a direction at a polar angle of 60°.
[0055] FIG. 12 is a graph showing a ratio of a gradation
value in an oblique direction to a gradation value in a front
direction. The measurements are performed on a sample (II)
every 10° in the range of from the front direction (a direction
at a polar angle of 0°) to the direction at a polar angle of 60°.
[0056] FIG. 13 is a graph showing a ratio of a gradation
value in an oblique direction to a gradation value in a front
direction. The measurements are performed on a sample (I11)
every 10° in the range of from the front direction (a direction
at a polar angle of 0°) to the direction at a polar angle of 60°.
[0057] FIG. 11 is a graph showing a ratio of a gradation
value in an oblique direction to a gradation value in a front
direction. The measurements are performed on a sample (IV)
every 10° in the range of from the front direction (a direction
at a polar angle of 0°) to the direction at a polar angle of 60°.
[0058] FIG. 15 is a graph showing the mutual relationship
between floating luminance and a difference between a pro-
portion of distribution of directors in directions at polar
angles of from +20° to +60° and a proportion of the distribu-
tion of light emitted from the backlight unit in directions at
polar angles of from +20° to +60°.

[0059] FIG. 16 is a cross-sectional view schematically
showing a liquid crystal display device in accordance with
Embodiment 4.

[0060] FIG. 17-1 is a conceptual view showing a state of
light transmitting through a liquid crystal molecule, in which
the initial inclination is vertical alignment, when no voltage is
applied.

[0061] FIG. 17-2 is a conceptual view showing a state of
light transmitting through a liquid crystal molecule, in which
the initial inclination is vertical alignment, when an interme-
diate voltage is applied.

[0062] FIG. 17-3 is a conceptual view showing a state of
light transmitting through a liquid crystal molecule, in which
the initial inclination is vertical alignment, when a voltage is
applied.

[0063] FIG.18is a conceptual view of a mode in which five
liquid crystal molecules are oriented in different directions.
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[0064] FIG. 19 is a cross-sectional view schematically
showing a configuration of a liquid crystal display device in
accordance with Embodiment 5.

[0065] FIG. 20 is a plan view schematically showing the
configuration of the liquid crystal display device in accor-
dance with Embodiment 5.

MODES FOR CARRYING OUT THE INVENTION

[0066] The present invention is mentioned in more detail
below with reference to Embodiments using drawings, but
not limited thereto.

Embodiment 1

[0067] FIG.1is a perspective view schematically showing
a liquid crystal display device in accordance with Embodi-
ment 1. The liquid crystal display device of Embodiment 1
includes aliquid crystal display panel 1 having a liquid crystal
layer 13 and a pair of substrates 11 and 12 sandwiching the
liquid crystal layer 13. Specifically, the TFT substrate 11, the
liquid crystal layer 13, and the counter substrate 12 are dis-
posed in this order from a back face side toward a observation
face side of the liquid crystal display device of Embodiment
1. The liquid crystal layer 13 includes nematic liquid crystal
with positive dielectric anisotropy (A&>0). The liquid crystal
display device of Embodiment 1 includes a backlight unit 2
disposed on the back face side of the liquid crystal display
panel 1.

[0068] As shownin FIG. 1, the TFT substrate 11 of the pair
of substrates has a pair of comb-shaped electrodes 14 in
which comb teeth of one of the pair of comb-shaped elec-
trodes and comb teeth of the other of the pair of comb-shaped
electrodes 14 are alternately disposed and spaced apart from
each other. The one of the pair of comb-shaped electrodes 14
is a pixel electrode 21 to which a signal voltage is applied
through signal lines (source lines), and the other is a counter
electrode 22 to which a common voltage is applied through
common lines. Each of the pixel electrode 21 and the counter
electrode 22 includes a handle portion as a trunk and comb
teeth protruded from the handle portion as essential compo-
nents. The comb teeth of the pair of comb-shaped electrodes
14 each have a V shape when the TFT substrate 11 is viewed
in a vertical direction. Each ofthe comb teeth has such a shape
in order to adjust the alignment direction of liquid crystal
molecules to an angle of 45° relative to transmission axes of
polarizers 71 and 72 mentioned below, and in order to fit the
below-mentioned two lens sheets that are arranged in a cross.
Each ofthe comb teeth may have a linear shape, and may have
another shape, as long as a desired electric field (for example,
transverse electric field) can be generated by the pair of comb-
shaped electrodes 14. Preferred examples of the materials
used in the pixel electrode 21 and the counter electrode 22
include metal oxides such as indium tin oxide (ITO) with
translucency.

[0069] The pixel electrode 21 is connected with a thin film
transistor (TFT) including a semiconductor layer, and further
connected with a source line via the TFT. The TFT is con-
nected with a gate line, and a gate voltage is applied to the
semiconductor layer via the gate line. At the same time, the
source line and the pixel electrode 21 are electrically con-
nected with each other, and the signal voltage is applied to the
pixel electrode 21.

[0070] The counter electrode 22 is connected with the com-
mon line that are located at an area overlapping with the gate
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line and source line. An insulating film is disposed between
the common line, and the gate line and source line. The gate
line and the source line are arranged perpendicular to each
other. A region surrounded with two gate lines and two source
lines, that is, a region surrounded with the common lines
forms one sub pixel. One color filter is arranged to correspond
one sub pixel, and a plurality of sub pixels form one pixel.
[0071] FIGS. 2-1 and 2-2 are cross-sectional views sche-
matically showing the liquid crystal display device in accor-
dance with Embodiment 1, and particularly showing behavior
ofliquid crystal molecules in detail. FIG. 2-1 shows a state of
a liquid crystal layer to which no voltage is applied. FIG. 2-2
shows a state of a liquid crystal layer to which a voltage is
applied.

[0072] The TFT substrate 11 has a glass substrate 31, and
the pixel electrode 21 and the counter electrode 22 disposed
on the liquid crystal layer 13-side surface of the glass sub-
strate 31. The pixel electrode 21 and the counter electrode 22
are alternately arranged in a transverse direction when viewed
in a cross section.

[0073] The counter substrate 12 includes a glass substrate
32 and a color filter 41. The color filter 41 is arranged on the
liquid-crystal-layer-13-side surface of the glass substrate 32.
The color filter 41 is composed of at least one of a red color
filter 41R, a green color filter 41G, and a blue color filter 41B.
One color filter corresponds to one sub pixel. Combination of
red, green, and blue sub pixels forms one pixel. The color
filter 41 may include colors other than these colors. A black-
colored black matrix (BM) 42 is arranged between the adja-
cent two color filters having colors different from each other
to prevent color mixing and light leakage.

[0074] Vertical alignment films 51 and 52 are arranged on
surfaces of the TFT substrate 11 and the counter substrate 12,
respectively. The surfaces are in contact with the liquid crys-
tal layer 13. As shown in FIG. 2-1, liquid crystal molecules 61
have homeotropic alignment, that is, alignment perpendicular
to the surfaces of the pair of substrates 11 and 12, when no
voltage is applied. Specifically, longitudinal axes of the rod-
shaped liquid crystal molecules 61 are oriented in a direction
perpendicular to the substrate surface. The molecules 61 are
oriented in the same direction and regularly arranged.
[0075] As shown in FIG. 2-2, when a voltage is applied
between the pixel electrode 21 and the counter electrode 22,
the liquid crystal molecules 61 are aligned along an arch-
shaped transverse electric field formed between the elec-
trodes. The liquid crystal molecules 61 are thus influenced by
such an electric field, and transversely aligned as a whole to
form bend alignment in which the molecules are aligned
symmetrically to a middle region between the comb teeth (the
pixel electrode 21 and the counter electrode 22). However, as
shown in FIG. 2-2, liquid crystal molecules 61 present at an
end of the arch-shaped transverse electric field, that is, liquid
crystal molecules 61 present at just above the pixel electrode
and the counter electrode 22 are less likely to be affected by
the electric field change of the liquid crystal molecules 61.
Therefore, such liquid crystal molecules 61 remain aligned in
a direction perpendicular to the substrate surface. The middle
region is a region farthest from the comb teeth. Therefore,
liquid crystal molecules 61 present at the middle region
between the comb teeth (the pixel electrode 21 and the
counter electrode 22) also remain aligned in a direction per-
pendicular to the pair of substrates 11 and 12.

[0076] The TFT substrate 11 and the counter substrate 12
have polarizers 71 and 72, respectively. The polarizer 71 is
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arranged in the outermost portion of the back face side of the
TFT substrate 11. The polarizer 72 is arranged in the outer-
most portion of the observation face side of the counter sub-
strate 12. The polarizers 71 and 72 are allowed to transmit
only polarized light vibrating in a certain direction (a trans-
mission axis direction) of natural light emitted from a light
source. The arrows in the polarizers 71 and 72 shown in FIG.
1 show the respective polarized light axis directions of the
polarizers. The transmission axis directions of the polarizers
71 and 72 are each adjusted to make an angle of 45° with a
comb-tooth-extending direction.

[0077] According to Embodiment 1, the liquid crystal mol-
ecules 61 are aligned in a direction perpendicular to the sub-
strates 11 and 12 when no voltage is applied. Therefore, the
transmission axis of the polarizer 71 of the TFT substrate 11
intersects with the transmission axis of the polarizer 72 of the
counter substrate 12 (they are in a cross-Nicol state). Accord-
ingly, light transmitting through the liquid crystal layer 13
when no voltage is applied is blocked with the polarizers 71
and 72. As mentioned above, the liquid crystal molecules 61
have a vertical alignment as the initial alignment, and the
polarizers 71 and 72 are in a cross-Nicol state, which provide
a normally black display mode with a high contrast ratio.
[0078] Meanwhile, in the case where above a certain volt-
age is applied, the liquid crystal molecules 61 are aligned
along a transverse electric field, and at this time a vibrating
direction (polarized light axis) of light transmitted through
the liquid crystal layer 12 is changed. So, the light transmitted
through the liquid crystal layer 12 can pass through the polar-
izer 72 on the counter substrate 12 side. As a result, the light
passes through the liquid crystal display panel 1 and is used as
display light.

[0079] The configuration of the backlight unit 2 in Embodi-
ment 1 is described in detail below. The backlight unit 2
includes a reflective sheet 81, a light source 82, a light guide
plate 83, a diffusion sheet 84, a first lens sheet 85, and a
second lens sheet 86. Among such members, the reflective
sheet 81 is arranged in the outermost portion of the back face
side, and the light guide plate 83 is arranged on the reflective
sheet 81 (observation face side of the reflective sheet). The
light source 82 is arranged beside the light guide plate 83, and
the diffusion sheet 84 is arranged on the light guide plate 83.
The light source 82 emits light to the light guide plate 83.
Further, the first lens sheet 85 and the second lens sheet 86 are
stacked on the diffusion sheet 84. Such a configuration of the
backlight unit of Embodiment 1 is of an edge light type.
[0080] The reflective sheet 81 is a member arranged for
improvement of utilization efficiency of light emitted from
the light source 82, and covers the entire bottom face of the
backlight unit 2. Examples of a material of the reflective sheet
81 include polyethylene terephthalate (PET), a multilayer
structure of a polyester resin, and a mixture of a polyester
resin and an urethane resin.

[0081] The light source 82 is a member which emits light
used for display in the liquid crystal display device. Examples
ofthe light source 82 include a cold cathode fluorescent tube
(CCFT), a light-emitting diode (LED), and an organic elec-
tro-luminescence (OEL). When used as the light source 82,
the multiple LEDs are arranged along a side face of the light
guide plate.

[0082] The light guide plate 83 is a transparent and color-
less plate comprising an acrylic resin and polycarbonate (PC)
which guides light entering the light guide plate 83 to a
display face. In Embodiment 1, light emitted from the light
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source 82 once enters the light guide plate 83 from the side
face thereof, and the incident light is reflected, refracted, and
diffused with a structure pattern formed in the light guide
plate 83, and emitted as planar light from a main face side of
the light guide plate 83 toward the liquid crystal display panel
1.

[0083] The diffusion sheet 84 is an optical sheet that dif-
fuses the outgoing light emitted from the light guide plate 83
to widen a viewing angle of display. Examples of the diffu-
sion sheet 84 include a sheet diffusing light using surface
roughness thereof due to a sheet material, and a sheet on
which beads are dispersed in a binder. Examples of a material
of the diffusion sheet 85 include PET, PC, and PMMA (poly-
methyl methacryl acid).

[0084] The first lens sheet 85 and the second lens sheet 86
both are prism sheets, and are served as optical sheets con-
densing, in a front direction, diffusing light emitted from the
diffusion sheet 84 to improve the luminance. The first lens
sheet 85 and the second lens sheet 86 each have a surface with
recessed and projecting portions, and the recessed and pro-
jecting portions constitute a plurality of folds that are parallel
to each other. In Embodiment 1, folds of the first lens sheet 85
are arranged to cross folds of the second lens sheet 86. Such
folds arranged to cross each other provide effects of light
condensing, and provide viewing angle luminance balanced
in an up-down direction and a left-right direction. That is,
uniform viewing angle distribution can be achieved. Thus, the
configuration of the backlight unit in Embodiment 1 is of a
lens cross type. Examples of a material of the first lens sheet
85 and second lens sheet 86 include polyesters and acrylic
resins, specifically a BEF lens (product of Sumitomo 3M
Limited). The angle of the prism of the BEF lens is 90°.
[0085] During white display, in the liquid crystal display
device of Embodiment 1, the liquid crystal molecules are
classified into three groups, specifically, liquid crystal mol-
ecules aligned perpendicularly to the pair of substrates 11 and
12, liquid crystal molecules aligned transversely thereto, and
liquid crystal molecules aligned obliquely thereto. The ori-
entation of the liquid crystal molecules aligned obliquely
thereto is determined depending on the positional relation-
ship with the comb-shaped electrode. Such liquid crystal
molecules in a rod shape are aligned so that one of the ends of
each of the liquid crystal molecules is oriented toward the
nearest comb-shaped electrode.

[0086] As shown in FIGS. 2-1 and 2-2, when the pair of
substrates 11 and 12 are viewed in the cross section, the liquid
crystal molecules obliquely aligned are classified into liquid
crystal molecules aligned obliquely from bottom left to top
right, and liquid crystal molecules aligned obliquely from top
left to bottom right. Accordingly, in a state where a voltage is
applied, the liquid crystal molecules exhibit alignment such
that the molecules are tilted in any of directions at angles of
from 0° to +90° symmetrically to the each of the comb teeth
(lines) of the comb-shaped electrode. Further, the molecules
are regularly distributed symmetrically to a region above the
electrode and a middle region of a region between the elec-
trodes. Therefore, director distribution in Embodiment 1 is
symmetrical to a polar angle of 0° to form regular distribution.
The term “polar angle” used herein refers to the following.
The direction perpendicular to the pair of substrates 11 and 12
is defined as a direction at a polar angle of 0° when the pair of
substrates 11 and 12 are viewed in the cross section. A posi-
tive polar angle is defined as an angle between the direction at
apolarangle of 0° and a right oblique direction, and a negative
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polar angle is defined as an angle between the direction at a
polar angle of 0° and a left oblique direction.

[0087] According to Embodiment 1, a proportion of lightin
directions at polar angles of from +20° to +60° in distribution
of light emitted from the backlight unit 2 and a proportion of
directors in directions at polar angles of from £20° to #60° in
director distribution of liquid crystal molecules are adjusted
to be close to each other. FIGS. 3-1 and 3-2 are cross-sectional
views schematically showing the liquid crystal display device
in accordance with Embodiment 1. FIG. 3-1 shows director
distribution during white display, and particularly shows the
entire director distribution. FIG. 3-2 shows distribution of
light emitted from a backlight unit, and particularly shows
director distribution in directions at polar angles of from #20°
to £60°.

[0088] As shown in FIGS. 3-1 and 3-2, liquid crystal mol-
ecules included in the liquid crystal layer 13 that is sand-
wiched between the pair of substrates 11 and 12 are affected
by an electric field formed between the pair of comb-shaped
electrodes 21 and 22. Therefore, the liquid crystal molecules
are vertically aligned in a region above the comb-shaped
electrodes, and are transversely aligned in a bent shape in a
region between the comb-shaped electrodes. In the liquid
crystal layer 13, director distribution is regularly and sym-
metrically formed by the alignment of the liquid crystal mol-
ecules.

[0089] In FIG. 3-2, the hatched part shows distribution of
directors in directions at polar angles of from +20° to +60°. In
FIG. 3-1, each angle made by two solid line arrows corre-
sponds to distribution of light emitted from a backlight unit in
directions at polar angles of from +20° to +60°. The dashed
line arrow shows a direction at a polar angle of 0°. As shown
in FIG. 3-2, the directors oriented in directions at polar angles
of from +20° to £60° are mainly distributed in the vicinity of
the substrates and the vicinity of electrodes. Specifically,
distribution of directors in directions at polar angles of from
*20° to +60° in the present Embodiment forms distribution in
which a region far from the pair of glass substrates 31 and 32
and the pair of comb-shaped electrodes 21 and 22 is cut out
from each of a plurality of director distribution blocks sepa-
rated by a region including vertically aligned liquid crystal
molecules above an electrode.

[0090] FIG. 4 is a graph showing distribution of light emit-
ted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 1. The distri-
bution is represented by the relationship between a polar
angle and luminance. The graph shown in FIG. 4 shows the
results obtained by actually measuring an edge light (lens
cross type) backlight unit using a two-dimensional fourier
transform type optical goniometer (EZ-CONTRAST, prod-
uct of ELDIM). In FIG. 4, the vertical axis represents a
luminance ratio when luminance in the front direction (polar
angle of 0°) is taken as 100%. The horizontal axis represents
a polar angle. As shown in FIG. 4, the distribution of light
emitted from the backlight unit in Embodiment 1 shows that
luminance is gently decreased as a polar angle is decreased or
increased from a polar angle of 0° as the center of luminance.
According to the above-mentioned measurement results, (i)
the proportion of the distribution of light emitted from a
backlight unit in directions at polar angles of from 0° to +20°
is 50%, (ii) the proportion of the distribution of light emitted
from a backlight unit in directions at polar angles of from
+20° to +60° is 47%, and (iii) the proportion of the distribu-
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tion of light emitted from a backlight unit in directions at
polar angles of from +60° to £90° is 3%.

[0091] FIG. 5 is a conceptual view created by overlaying
the distribution of directors in directions at polar angles of
from £20° to £50° and the distribution of light emitted from a
backlight unit in directions at polar angles of from +20° to
+60°. As shown in FIG. 5, in the overlapping portions of the
distribution of directors in directions at polar angles of from
+20° to +60° and the distribution of light emitted from a
backlight unit in directions at polar angles of from +20° to
+60°, the traveling direction of light is substantially perpen-
dicular to the longitudinal directions of the liquid crystal
molecules 10. Therefore, light in the range of polar angles of
from #20° to +60° can transmit the liquid crystal molecules
10 with high transmittance. In the liquid crystal display
device having the present mode providing a wide viewing
angle, the improved effect of the particularly excellent dis-
play qualities can be achieved by particularly increasing the
transmittance in a region of the emitted light distribution of
light in directions at polar angles of from +20° to +60°.
[0092] According to the present Embodiment, a difference
between the proportion of distribution of directors in a range
of a polar angle from +20° to +60° and the proportion of
distribution of light emitted from a backlight unit in a range of
a polar angle from +20° to +60° is adjusted to less than 20%.
The director distribution can be adjusted depending on the
width of each of the comb teeth of a comb-shaped electrode,
the distance between the adjacent two comb teeth, the dielec-
tric anisotropy (A€) of liquid crystal molecules, and the like.
The proportion of the director distribution can be determined
(calculated) using a nuclear magnetic resonance (NMR)
analysis and the like. The distribution of light emitted from a
backlight unit can be adjusted depending on an angle and an
orientation of the inclination face of the recessed and project-
ing portions of the lens sheet, the number of the sheets, a
material of the sheets. The distribution of light emitted from
a backlight unit can be determined (calculated) using a two-
dimensional fourier transform type optical goniometer.

Embodiment 2

[0093] FIG. 6is across-sectional view schematically show-
ing a backlight unit included in a liquid crystal display device
in accordance with Embodiment 2. The liquid crystal display
device of Embodiment 2 has the same configuration as that of
the liquid crystal display device of Embodiment 1 except for
the configuration of the backlight unit. As shown in FIG. 6,
the backlight unit included in the liquid crystal display device
of Embodiment 2 includes a reflective sheet 81, a light source
82, a light guide plate 83, and a third lens sheet 87. Among
such members, the reflective sheet 81 is arranged at the out-
ermost portion of the back face side, and the light guide plate
83 is arranged on the reflective sheet 81 (observation face side
of'the reflective sheet). The light source 82 is arranged beside
the light guide plate 83 so that the light source 82 emits light
to the light guide plate 83, and a third lens sheet 87 is arranged
on the light guide plate 83 so that the surface of the recessed
and projecting portions of the third lens sheet 87 faces the
light guide plate 83. Such a configuration of the backlight unit
of Embodiment 2 is of an edge light type.

[0094] The third lens sheet 87 included in the liquid crystal
display device of Embodiment 2 is a reverse prism sheet (for
example, DIAART, product of MITSUBISHI RAYON CO.,
LTD.), and the reverse prism sheet has a downward prism
angle of 63°. In such a case, the upper surface of the third lens
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sheet 87 functions as a diffuser. According to such a configu-
ration, the backlight unit may be composed of a small number
of members. Such a configuration of the backlight unit of
Embodiment 2 is of a reverse prism type.

[0095] FIG. 7 is a graph showing distribution of light emit-
ted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 2. The distri-
bution is represented by the relationship between a polar
angle and luminance. The graph shown in FIG. 7 shows the
results obtained by actually measuring the reverse prism
backlight unit using a two-dimensional fourier transform type
optical goniometer (EZ-CONTRAST, product of ELDIM). In
FIG. 7, the vertical axis represents a luminance ratio when
luminance in the front direction (polar angle of 0°) is taken as
100%. The horizontal axis represents a polar angle. As shown
in FIG. 7, the distribution of light emitted from the backlight
unit in Embodiment 2 shows that luminance is gradually
decreased from the luminance at a polar angle of 0°, as apolar
angle is shifted from 0° to +90°. According to the above-
mentioned measurement results, (i) the proportion of the dis-
tribution of light emitted from a backlight unit in directions at
polar angles of from 0° to +20° was 56%, (ii) the proportion
of the distribution of light emitted from a backlight unit in
directions at polar angles of from +20° to £60° was 40%, and
(iii) the proportion of the distribution of light emitted from a
backlight unit in directions at polar angles of from +60° to
+90° was 4%.

[0096] Inthecase where such a reverse prism backlight unit
(Embodiment 2) is used, the slope of the curve of decrease in
luminance is made steeper when the polar angle is shifted
from 0° to +90° as compared to the case where the lens cross
type backlight unit (Embodiment 1) composed of two BEF
lens sheets stacked is used. Accordingly, according to
Embodiment 2, the proportion of the distribution of light
emitted from a backlight unit in directions at polar angles of
from +20° to +60° can be reduced.

Embodiment 3

[0097] FIG. 8isacross-sectional view schematically show-
ing a backlight unit included in a liquid crystal display device
in accordance with Embodiment 3. The liquid crystal display
device of Embodiment 3 has the same configuration as that of
the liquid crystal display device of Embodiment 1 except for
the configuration of the backlight unit. As shown in FIG. 8,
the backlight unit included in the liquid crystal display device
of Embodiment 3 includes a reflective sheet 81, a light source
82, a diffuser 88, a diffusion sheet 84, a first lens sheet 85, and
a second lens sheet 86. Among such members, the reflective
sheet 81 is arranged in the outermost portion of the back face
side, and the light source 82 is arranged on the reflective sheet
81 (observation face side of the reflective sheet). The diffuser
88, the diffusion sheet 84, the first lens sheet 85, and the
second lens sheet 86 are arranged above the light source 82 in
this order. Like the diffusion sheet 84, the diffuser 88 diffuses
light entering the diffuser, which widens a viewing angle of
display.

[0098] According to such a direct backlight unit, light emit-
ted from the light source is allowed to linearly enter a panel,
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and a sufficient quantity of light can be secured. Therefore,
such a direct backlight unit is particularly suitably used for a
large-sized display device.

[0099] FIG. 9 is a graph showing distribution of light emit-
ted from the backlight unit included in the liquid crystal
display device in accordance with Embodiment 3. The distri-
bution is represented by the relationship between a polar
angle and luminance. The graph shown in FIG. 9 shows the
results obtained by actually measuring the direct backlight
unit using a two-dimensional Fourier transform type optical
goniometer (EZ-CONTRAST, product of ELDIM). In FIG.
9, the vertical axis represents a luminance ratio when lumi-
nance in the front direction (polar angle of 0°) is taken as
100%. The horizontal axis represents a polar angle. As shown
in FIG. 9, the distribution of light emitted from the backlight
unit in Embodiment 3 shows that luminance is gradually
decreased from the luminance at a polar angle of0°, as a polar
angle is shifted from 0° to +90°. According to the above-
mentioned measurement results, (i) the proportion of the dis-
tribution of light emitted from a backlight unit in directions at
polar angles of from 0° to +20° was 42%, (ii) the proportion
of the distribution of light emitted from a backlight unit in
directions at polar angles of from #20° to £60° was 51%, and
(iii) the proportion of the distribution of light emitted from a
backlight unit in directions at polar angles of from +60° to
+90° was 7%.

[0100] In the case where the direct (lens cross type) back-
light unit (Embodiment 3) is used, the slope of the curve of
decrease in luminance is made gentle when a polar angle is
shifted from 0° to £90° as compared to the case of the edge
light (lens cross type) backlight unit (Embodiment 1).
Accordingly, according to Embodiment 3, the proportion of
the distribution of light emitted from the backlight unit in
directions at polar angles of from #20° to £60° can be further
increased.

[0101] FIG. 10 is shown as reference. FIG. 10 is a graph
containing curves of the distribution of light emitted from the
backlight units included in the respective liquid crystal dis-
play devices in accordance with Embodiments 1 to 3. The
distribution is represented by the relationship between a polar
angle and luminance ratio. Table 1 shows data on the distri-
bution of light emitted from the backlight units, in each polar
angle, included in the respective liquid crystal display devices
in accordance with Embodiments 1 to 3.

TABLE 1

Proportion of light flux (relative to all emitted light)

Embodiment 3
Direct backlight unit

Distribution Embodiment 1 Embodiment 2

angle Edge light backlight unit

(polar angle) Lens cross type Reverse prism type Lens cross type

0° <£20° 50% 56% 42%
+20° = £60° 47% 40% 51%
+60° < 90° 3% 4% 7%
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Evaluation Test 1

[0102] The following shows the evaluation results of a plu-
rality of examples of the director distribution and the back-
light unit emitted light distribution, which were set under
different conditions based on the configurations of the liquid
crystal display devices of Embodiments 1 to 3. In the evalu-
ation test 1, a general drive system is used as a drive method
of a liquid crystal display device.

[0103] First, a line width (L) of each of comb teeth and a
space (S) between the adjacent two comb teeth were set under
different conditions using an LCD-MASTER produced by
Shintex Japan Corp., and proportions of distribution of direc-
tors at every distribution angle (polar angle) were determined.
Table 2 shows the simulation results of the director distribu-
tion, represented by the relationship between the line width
(L) of each of the comb teeth and the space between the
adjacent two comb teeth (S). The simulations were examined
on liquid crystal molecules with dielectric anisotropy AE of
14, liquid crystal molecules with dielectric anisotropy A€ of
15, and liquid crystal molecules with dielectric anisotropy AS
of 23. Examination Examples 1 to 10 were regarded as com-
binations of the line width L. of each of the comb teeth and the
space S between the adjacent two the comb teeth.
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persed on one of the thus-produced pair of substrates. A seal
resin prepared by Mitsui Toatsu Chemicals, Inc. (Struct Bond
XN-218) was printed on the other substrate. The pair of
substrates were then bonded, and baked at 135° C. for 1 hour
to provide a liquid crystal cell.

[0108] Then, a liquid crystal material was sealed in the
liquid crystal cell (between the pair of substrates) by vacuum
injection, and surfaces of the pair of substrates of the liquid
crystal cell are each provided with a polarizer. The surfaces
were on the opposite side of surfaces facing a liquid crystal
layer. Through such processes, a liquid crystal display panel
A including a liquid crystal material A prepared by Merck &
Co., Ltd. (AE=14, An=0.098), a liquid crystal display panel B
including a liquid crystal material B prepared by Merck &
Co., Ltd. (A&=15, An=0.098), and a liquid crystal display
panel C including a liquid crystal material C prepared by
Merck & Co., Ltd. (A&=23, An=0.099) were produced.
Samples of each of the liquid crystal display panels A, B, and
C are produced so as to satisfy conditions of Examination
Examples 1 to 10, in which the line width L of each of the
comb teeth and the space S between the adjacent two comb
teeth were different.

[0109] Then, thus-produced liquid crystal display panels A,
B, and C were combined with each of three different backlight

TABLE 2
Exam- Exam- Exam- Exam- Exam- Exam- Exam-
ination ination ination ination ination ination ination  Examination Examination Examination
Example 1 Example 2 Example 3 Example 4 Example5 Example 6 Example7 Example8  Example9 Example 10
L (um) 3 3 3 3 3 4 4 4 4 4
S (um) 2 3 6 8 12 3 4 6 8 12
Ae=14 0°<=x20° 38.1% 33.9% 30.2% 29.8% 59.1%
+20° = £60° 50.8% 45.0% 43.1% 42.8% 30.9%
+60° <90° 11.1% 21.1% 26.7% 27.4% 10.0%
Ae=15 0°<=x20° 37.2% 34.7% 29.3% 28.6% 31.4% 33.0% 32.3% 31.1% 30.7% 32.2%
£20° = £60° 50.2% 46.1% 43.2% 39.0% 43.0% 41.7% 40.6% 40.8% 35.7% 40.6%
+60° <90° 12.6% 19.3% 27.4% 32.5% 25.6% 25.3% 27.1% 28.1% 33.6% 27.2%
Ae=23 0°<=x20° 32.9% 29.2% 24.9% 23.2% 24.8% 29.3% 27.4% 26.3% 26.0% 26.0%
£20° = +60° 46.5% 39.9% 36.9% 31.8% 33.8% 38.2% 36.2% 35.9% 30.1% 32.1%
+60° <90° 20.6% 31.0% 38.3% 44.9% 41.4% 32.5% 36.4% 37.7% 43.8% 41.9%
[0104] Then, a plurality of pairs of glass substrates was units produced in accordance with the respective Embodi-

prepared, and samples were prepared by the following steps.
An ITO film was formed on the entire surface of one of each
pair of glass substrates; and a pair of comb-shaped electrodes
made of ITO was prepared by photolithography so that the
width (electrode width) L of a line 91 of each of the comb
teeth and the width (electrode space) S of a space 92 between
the adjacent two comb teeth corresponded to those shown in
Table 2.

[0105] Then, an alignment film coating material JALS-204
(5 wt %, y-butyrolactone solution) produced by JSR was
coated on the comb-shaped electrode and the glass substrate
by spin coating, and baked at 200° C. for 2 hours.

[0106] The thickness of the alignment film was 1000 A. An
alignment film is formed on the other glass substrate in the
same way. The alignment film exhibited strong anchoring.
The anchoring strength was 0.8x10™* J/m>.

[0107] Then, 3.25-micron resin beads (Micropearl
SP20325) prepared by Sekisui Chemical Co., Ltd. were dis-

ments 1 to 3 to produce nine liquid crystal display devices
A-1,A-2,A-3,B-1,B-2,B-3, C-1, C-2, and C-3.

[0110] In the liquid crystal display devices A-1, A-2, A-3,
B-1, B-2, 3-3, C-1, C-2, and C-3, a gap between the upper-
most surface of the backlight unit and the lowermost surface
of'the liquid crystal display panel was an air layer with a width
0f0.1 to 0.2 mm.

[0111] The following calculation was performed on the
thus-produced liquid crystal display devices A-1, A-2, A-3,
B-1, B-2, B-3, C-1, C-2, and C-3. The difference (deviation)
between a proportion of distribution of directors at polar
angles of from +20° to +60° in the entire director distribution,
and a proportion of distribution of light emitted from a back-
light unit at polar angles of from +20° to +60° in the entire
distribution of light emitted from a backlight unit was calcu-
lated. Table 3 summarizes deviations calculated in this way.
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TABLE 3
Examin- | Examin- | Examin- | Examin- | Examin- | Examin- | Examin- | Examin- | Examin- | Examin-
ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex- | ation Ex-
ample | ample 2 ample 3 ample 4 ample 5 ample 6 ample 7 ample 8 ample 9 ample 10
L (um) 3 3 3 3 3 4 4 4 4 4
S (um) 2 3 6 8 12 3 4 6 8 12
A & =14 Liquid crystal 3.8% 2.0% 3.9% 4.2% 16.1%
display device
A-1
Liquid crystal | 10.8% 5.0% 3.1% 2.8% 9.1%
display device
A-2
Liquid crystal 0.2% 6.0% 7.9% 8.2% 20.1%
display device
A-3
A &=15] Liquid crystal 3.2% 0.9% 3.8% 8.0% 4.0% 5.3% 6.4% 6.2% 11.3% 6.4%
display device
B-1
Liquid crystal | 10.2% 6.1% 3.2% 1.0% 3.0% 1.7% 0.6% 0.8% 4.3% 0.6%
display device
B-2
Liquid crystal 0.8% 4.9% 7.8% 12.0% 8.0% 9.3% 10.4% 10.2% 15.3% 10.4%
display device
B-3
A &=23] Liquid crystal 0.5% 7.1% 10.1% 15.2% 13.2% 8.8% 10.8% 11.1% 16.9% 14.9%
display device
C-1
Liquid crystal 6.5% 0.1% 3.1% 8.2% 6.2% 1.8% 3.8% 4.1% 9.9% 7.9%
display device
C-2
Liquid crystal 4.5% 11.1% 14.1% 19.2% 17.2% 12.8% 14.8% 15.1% 20.9% 18.9%
display device
C-3
[0112] Then, a voltage-transmittance change viewed from [0114] Inorder to confirm the mutual relationship between

a front direction, and a voltage-transmittance change in a
polar angle direction by 45° out of the polarization axis were
measured with an EZ-CONTRAST produced by ELDIM,
and level change of an observation angle in an oblique direc-
tion with respect to a front direction was confirmed. The
present invention will be described below based on typical
samples chosen.

[0113] FIGS. 11 to 14 are graphs of liquid crystal display
devices (bold frame in the table 3) each showing ratios of
gradation values in an oblique direction to gradation values in
a front direction. The ratios are shown every 10° from a front
direction (a direction at a polar angle of 0°) to a direction at a
polar angle of 60°. As the samples, a sample (I) of Examina-
tion Example 2 of the liquid crystal display device B-2, a
sample (II) of Examination Example 9 of the liquid crystal
display device A-1, a sample (III) of Examination Example 4
of the liquid crystal display device B-1, and a sample (IV) of
Examination Example 9 of the liquid crystal display device
B-3 were used. The sample (I) corresponds to FIG. 11, the
sample (II) corresponds to FIG. 12, the sample (III) corre-
sponds to FIG. 13, and the sample (IV) corresponds to FIG.
14.

a level change of an observation angle in an actual configu-
ration, and the difference (deviation) between the proportion
of'the distribution of directors in directions at polar angles of
from +20° to +60° and the proportion of the distribution of
light emitted from a backlight in directions at polar angles of
from +20° to £60°, the examination is performed under the
following conditions. Specifically, based on FIGS. 11 to 14,
an amount of change in each of the samples (I) to (IV) was
calculated as follows. Specifically, in order to examine a
change in luminance in the range of polar angles of from 0° to
+60°, that is, “floating luminance” when rotated from a front
direction (a polar angle of 0°) to a direction of a polar angle of
60° in an azimuth 45° to the polarization axis, the amount of
change of from a gradation luminance ratio in a front direc-
tion (polar angle 0of 0°) to a gradation luminance ratio in +60°
direction, when a front gradation is 128, was calculated.
[0115] According to FIG. 11, floating luminance was 26%
in the sample (I). According to FIG. 12, floating luminance
was 34% in the sample (II). According to FIG. 13, floating
luminance was 42% in the sample (I1I). According to FIG. 14,
floating luminance is 52% in the sample (IV). Table 4 shows
the results.
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Liquid crystal Liquid crystal

Liquid crystal

Liquid crystal

display device B-2 display device A-1 display device B-1 display device B-3

Examination Examination

Examination

Examination

Example 2 Example 9 Example 4 Example 9
Liquid crystal Ae=23 Ae=15 Ae=23 Ae=23
Embodiment 2 1 1 3
Deviation 0.1% 11.3% 15.2% 20.9%
Floating luminance 26% 34% 42% 52%
Level based on Excellent Satisfactory Acceptable Poor

visual observation

[0116] The level based on visual observation in Table 4
refers to evaluation of sense of an actual luminance change
when an observation direction is changed from a front direc-
tion to an oblique direction. “Excellent” means that a change
in luminance was not observed at all and superior display was
provided. “Satisfactory” means that a change in luminance
was hardly observed and good display was provided.
“Acceptable” means that a change in luminance was slightly
observed but usable display was provided. “Poor” means that
a change in luminance was particularly observed and poor
display was provided.

[0117] AsshowninTable 4, visual observation ofa viewing
angle level shows that a level based on visual observation
tended to drop gradually in the case where the deviation in
simulation exceeds 15% and in the case where the floating
luminance exceeds 40% in actual measurement. In the case
where the deviation in simulation exceeds 20% and in the
case where the floating luminance exceeds 50% in actual
measurement, the viewing angle level dropped.

[0118] This shows that the mutual relationship was con-
firmed between the director distribution in simulation and the
actual director distribution. When a difference between the
proportion of the distribution of directors in the range of polar
angles of from +20° to +60° in the entire director distribution,
and the proportion of the distribution of light emitted from a
backlight unit in the range of polar angles of from +20° to
+60° in the entire distribution of light emitted from a back-
light unit is less than 20%, a viewing angle begins to increase,
and when the difference is less than 15%, the viewing angle
begins to successfully increase.

[0119] Then, the mutual relationship between the change in
deviation in simulation and the change in floating luminance
was confirmed. FIG. 15 is a graph showing the mutual rela-
tionship between floating luminance and a difference
between a proportion of distribution of directors in polar
angle directions of from +20° to +60° and a proportion of
distribution of light emitted from a backlight unit in polar
angle directions of from +20° to £60°. As shown in FIG. 15,
as the deviation between the proportion of the distribution of
directors in polar angle directions of from +20° to +60° and
the proportion of the distribution of light emitted from a
backlight unit in polar angle directions of from +20° to +60°
increased, the floating luminance increased. It was confirmed
that this was in agreement with the visual observation results.
According to FIG. 15, it was further confirmed that a large
change in floating luminance occurred at a point where the
deviation in simulation was 13%, and the rate of increase in
floating luminance greatly started to change at the point as a
starting point.

Embodiment 4

[0120] The liquid crystal display device of Embodiment 4
has the same configuration as that of Embodiments 1 to 3,

except that it is not driven by a single-source drive system
used in Embodiments 1 to 3, in which one source line is used
for one pixel, but it is driven by a double-source-polarity-
inversion drive system, in which two source lines for signal
supply with opposing polarities are used for one pixel,

[0121] FIG. 16 is a cross-sectional view schematically
showing the liquid crystal display device in accordance with
Embodiment 4. As shown in FIG. 16, a voltage of 6 V is
applied to a pixel electrode 21, and a voltage of -6 Vis applied
to a counter electrode 22. That is, in Embodiment 4, a com-
mon voltage is not applied via a common line to the counter
electrode 22, but a signal voltage is applied via another source
line to the counter electrode 22. As mentioned above, the use
of'the two source lines for supplying the respective two signal
voltages with opposing polarities and the same absolute value
doubles a usual voltage applied to the liquid crystal layer.
Therefore, even if a liquid crystal material with dielectric
anisotropy smaller than that of a liquid crystal material used
in Embodiments 1 to 3 is used, the same operation and advan-
tages as in Embodiments 1 to 3 can be obtained.

Evaluation Test 2

[0122] The evaluation results of the director distribution
and backlight unit emitted light distribution under different
conditions based on the configuration of the liquid crystal
display device of Embodiment 4 are described below. The
evaluation test 2 is performed in the same way as the evalu-
ation test 1.

[0123] Table 5 shows simulation results of the director dis-
tribution represented by the relationship between the line
width (L) of each of the comb teeth and the space between the
adjacent two comb teeth (S). The simulations were examined
on liquid crystal molecules with dielectric anisotropy AE of
2.0, liquid crystal molecules with dielectric anisotropy A€ of
5.0, and liquid crystal molecules with dielectric anisotropy
A€ of 7.5, and liquid crystal molecules with dielectric anisot-
ropy A€ of 11.5. Examination Examples 1 to 5 were regarded
as combinations of the line width L. of each of the comb teeth
and the space S between the adjacent two comb teeth.

TABLE 5
Exam- Exam- Exam- Exam- Exam-
ination ination ination ination ination
Exam- Exam- Exam- Exam- Exam-
plel ple2 ple3 ple 4 ple5
L (um) 3 3 3 3 3
S (um) 2 3 6 8 12
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TABLE 5-continued TABLE 6-continued
Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam-
ination ination ination ination ination ination ination ination ination ination
Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam- Example
ple 1 ple2 ple3 ple4 ple5 plel ple 2 ple3 ple4 5
Ae=2.0 0° < %20° 54.5% 48.5% 43.8% 45.7% 77.3% Liquid crystal 0.9% 5.9% 10.5% 11.4% 8.2%
+20° = £60°  44.4% 49.2% 559% 543% 22.7% display device
+60° <90° 1.1% 2.3% 0.2% 0.0% 0.0% E-3
Ae=5.0 0° < %20° 38.3% 33.7% 28.8% 27.4% 28.5% Ae = Liquid crystal 0.6% 6.6% 12.0% 13.6% 12.8%
+20° = £60°  50.1% 45.1% 40.5% 39.6% 42.8% 7.5 display device
+60° <90° 11.6% 21.2% 30.8% 329% 28.8% F-1
Ae=175 0° < +20° 34.4% 30.4% 24.1% 22.8% 23.7% Liquid crystal 6.4% 0.4% 5.0% 6.6% 5.8%
+20° = £60°  46.4% 40.4% 35.0% 334% 34.2% display device
+60° <90° 19.2% 29.3% 40.9% 43.8% 42.1% F-2
Ae=11.5 0°<=x20° 31.2% 27.1% 21.5% 20.1% 18.2% Liquid crystal 4.6% 10.6% 16.0% 17.6% 16.8%
+20° = £60°  43.8% 38.2% 31.2% 30.0% 29.4% display device
+60° <90° 249% 34.7% 473% 499% 52.5% F-3
Ae=Liquid crystal 3.2% 8.8% 15.8% 17.0% 17.6%
11.5  display device
[0124] Liquid crystal display panels D, E, F, and G were Gl
. R . Liquid crystal 3.8% 1.8% 8.8%  10.0% 10.6%
produced using a liquid crystal material D prepared by Merck display device
& Co., Ltd. (A&=2.0, An=0.098), a liquid crystal material E G-2
prepared by Merck & Co., Ltd. (A€=5.0, An=0.098), a liquid Liquiderystal  7.2%  12.8% 19.8% 21.0%  21.6%

crystal material F prepared by Merck & Co., Ltd. (AE=7.5,
An=0.098), and a liquid crystal material G prepared by Merck
& Co., Ltd. (A&=11.5, An=0.098), respectively. The liquid
crystal display panels D, E, F, and G were then each combined
with each of three different backlight units used in Embodi-
ments 1 to 3 to produce 12 types of liquid crystal display
devices D-1, D-2, D-3,E-1, E-2, E-3,F-1,F-2,F-3,G-1,G-2,
and G-3.

[0125] A voltage of 6 V was applied to the pixel electrode
using one source line and a voltage of -6 V was applied to the
counter electrode using the other source line, whereby a volt-
age of 12V was applied to the liquid crystal layer. And then
the difference (deviation) between a proportion of distribu-
tion of directors in the range of polar angles of from +20° to
+60° in the entire director distribution, and a proportion of
distribution of light emitted from a backlight unit in the range
of polar angles of from +20° to +60° in the entire distribution
of light emitted from a backlight unit was calculated. The
calculation was performed on the thus-produced liquid crys-
tal display devices D-1,D-2,D-3,E-1,E-2, E-3, F-1,F-2,F-3,
G-1, G-2, and G-3. Table 6 summarizes deviations calculated
in such a way.

TABLE 6
Exam- Exam- Exam- Exam- Exam-
ination ination ination ination  ination
Exam- Exam- Exam- Exam- Example
plel ple 2 ple3 ple 4 5
L (um) 3 3 3 3 3
S (um) 2 3 6 8 12
Ae = Liquid crystal 2.6% 2.2% 8.9% 7.3% 24.3%
2.0 display device
D-1
Liquid crystal 4.4% 9.2% 15.9% 14.3% 17.3%
display device
D-2
Liquid crystal 6.6% 1.8% 4.9% 3.3% 28.3%
display device
D-3
Ae = Liquid crystal 3.1% 1.9% 6.5% 7.4% 4.2%
5.0 display device
E-1
Liquid crystal 10.1%  5.1% 0.5% 0.4% 2.8%
display device
E-2

display device
G-3

[0126] Asshown in Table 6, even if a liquid crystal material
with relatively small dielectric anisotropy (for example,
AE=2.0 to 11.5), the double-source-polarity-inversion driv-
ing achieves a liquid crystal display device in which the
difference (deviation) between the proportion of distribution
of directors in the range of polar angles of from +20° to +60°
in the entire director distribution, and the proportion of the
distribution of light emitted from a backlight unit in the range
of polar angles of from +20° to +60° in the entire distribution
of light emitted from a backlight unit is less than 20%.

Embodiment 5

[0127] FIG. 19 is a cross-sectional view schematically
showing a configuration of a liquid crystal display device in
accordance with Embodiment 5. As shown in FIG. 19, the
liquid crystal display device of Embodiment 5 is provided
with a liquid crystal display panel including a liquid crystal
layer 13 and a pair of substrates 11 and 12 sandwiching the
liquid crystal layer 13. One of the pair of substrates is a TFT
substrate 11, and the other is a counter substrate 12.

[0128] The liquid crystal display device of Embodiment 5
has the same configuration as those of Embodiments 1 to 4,
except that a counter electrode 65 is disposed on a counter-
substrate-12 side. Specifically, as shown in FIG. 19, the
counter electrode 65, a dielectric layer (insulating layer) 66,
and a vertical alignment film 52 are stacked in this order on
the liquid-crystal-layer-13-side main surface of a glass sub-
strate included in the counter substrate 12. A color filter
and/or a black matrix (BM) may be disposed between the
counter electrode 65 and the glass substrate 32.

[0129] The counter electrode 65 is formed of a transparent
conductive film such as an ITO film and an 1ZO film. The
seamless counter electrode 65 and the seamless dielectric
layer 66 are each formed at least over the entire display
region. Predetermined electric potential is applied to the
counter electrode 65. The electric potential is common
between each pixel and each sub pixel.

[0130] The dielectric layer 66 is formed of a transparent
insulating material. Specific examples of the insulating mate-
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rial include inorganic insulating films such as a silicon nitride
film, and organic insulating films such as an acrylic resin film.
[0131] Meanwhile, similarly to Embodiment 1, a pair of
comb-shaped electrodes including a pixel electrode 21 and a
counter electrode 22, and a vertical alignment film 51 are
disposed on the liquid-crystal-layer-13-side main surface of
the glass substrate 31 included in the TFT substrate 11. Polar-
izers 71 and 72 are arranged on the outer main surfaces of the
two glass substrates 31 and 32, respectively.

[0132] Different voltages are applied between the pixel
electrode 21 and the counter electrode 22, and between the
pixel electrode 21 and the counter electrode 65, during non-
black display. The counter electrode 22 and the counter elec-
trode 65 may be grounded. The same level of a voltage with
the same polarity may be applied to the counter electrode 22
and the counter electrode 65. Different levels of voltages with
different polarities may be applied to the counter electrode 22
and the counter electrode 65.

[0133] According to the liquid crystal display device of
Embodiment 5, similarly to Embodiment 1, a high contrast
ratio and excellent viewing angle characteristics can be
achieved, and high transmittance can be further achieved.
Response speed can be increased by forming the counter
electrode 65.

[0134] FIG. 20 is a plan view schematically showing the
configuration of the liquid crystal display device in accor-
dance with Embodiment 5. The features of the configuration
shown in FIG. 20 may be applied to those in Embodiments 1
to 3. A pixel may comprise a plurality of sub pixels, and in this
case, the following configuration shows a sub pixel. The 3
o’clock direction, 12 o’clock direction, 9 o’clock direction,
and 6 o’clock direction, when the liquid crystal display device
is viewed from the front, are the 0° direction (azimuth), 90°
direction (azimuth), 180° direction (azimuth) and 270° direc-
tion (azimuth), respectively, and the direction passing
through the 3 o’clock and 9 o’clock is the left-right direction,
and the direction passing through 12 o’clock and 6 o’clock is
the up-down direction.

[0135] On the liquid-crystal-layer-13-side main surface of
the glass substrate 31, signal lines 23, scanning lines 25, a
common line 33, a thin film transistor (TFT) 27 that is a
switching element (active element) and is formed in each sub
pixel, a pixel electrode 21 separately formed in each sub pixel,
and a counter electrode 22 connected with the common line
33 formed to be commonly used among a plurality of pixels
(for example, all sub pixels) are disposed.

[0136] The scanning lines 25, and the common line 33, and
the counter electrode 22 are formed on the glass substrate 31.
A gate insulating film (not shown) is formed on the scanning
lines 25, the common line 33, and the counter electrode 22.
The signal lines 23 and the pixel electrode 21 are formed on
the gate insulating film, and a vertical alignment film 51 is
formed on the signal lines 23 and the pixel electrode 21.
[0137] The common line 33, the counter electrode 22, and
the pixel electrode 21 are patterned by photolithography
using the same film in the same step, and may be arranged on
the same layer (the same insulating film).

[0138] The signal lines 23 are linearly arranged in parallel
with each other, and extend in an up-down direction between
the adjacent two sub pixels. The scanning lines 25 are linearly
arranged in parallel with each other, and extend in a left-right
direction between the adjacent two sub pixels. The signal
lines 23 are perpendicular to the scanning lines 25. The region
partitioned by the signal lines 23 and the scanning lines 25 is
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approximately one sub pixel. The scanning lines 25 function
as a gate of the TFT 27 in a display region.

[0139] The TFT 27 is formed near the intersection portion
of'each ofthe signal lines 23 and each of the scanning lines 25,
and includes a semiconductor layer 28 formed in an island
shape on the scanning line 25. The TFT 27 has a source
electrode 24 which functions as a source, and a drain elec-
trode 26 which functions as a drain. The source electrode 24
connects the TFT 27 and the signal line 23, and the drain
electrode 26 connects the TFT 27 and a pixel electrode group
20. The source electrode 24 and the signal lines 23 are pat-
terned in the same film, and are connected with each other.
The drain electrode 26 and the pixel electrode 21 are pat-
terned in the same film, and are connected with each other.
[0140] A signal voltage (picture signal) is applied to the
pixel electrode 21 from the signal lines 23 at predetermined
timing during on-state of the TFT 27. Meanwhile, a predeter-
mined electric potential (common voltage) is applied to the
common line 33 and the counter electrode 22. The electric
potential is common between each pixel.

[0141] The pixel electrode 21 has a comb-teeth shape in
plan view. The pixel electrode 21 has a linear trunk portion
(pixel trunk portion 45) and a plurality of linear comb-tooth
portions (pixel comb-tooth portions 46). The pixel trunk por-
tion 45 is formed along a short side (lower side) of a pixel. The
pixel comb-tooth portions 46 are connected with the pixel
trunk portion 45. Each of the pixel comb-tooth portions 46
extends from the pixel trunk portion 45 toward a short side
(upper side) facing the pixel trunk portion 45, that is, in the
about 90° direction.

[0142] The counter electrode 22 has a comb-teeth shape in
plan view, and has a plurality of linear comb-tooth portions
(counter comb-tooth portions 34). The counter comb-tooth
portions 34 and the common line 33 are patterned in the same
film, and are connected with each other. That is, the common
line 33 is also a trunk portion (counter trunk portion) of the
counter electrode 22 that connects the plurality of counter
comb-tooth portions 34 with each other. The common line 33
is formed in a linear shape and parallel with the scanning lines
25, and extends in a left-right direction between the adjacent
two sub pixels. The counter comb-tooth portions 34 extend
from the common line 33 toward a lower side facing the
common line 33, that is, in the about 270° direction.

[0143] Thus, the pixel electrode 21 and the counter elec-
trode 22 are arranged to face each other so that the comb teeth
of the pixel electrode 21 and the counter electrode 22 (pixel
comb-tooth portions 46, counter comb-tooth portions 34) are
disposed alternately and spaced apart from each other. That is,
the pixel comb-tooth portions 46 and the counter comb-tooth
portions 34 are arranged parallel to each other, and are spaced
apart from each other and alternately arranged.

[0144] According to one example shown in FIG. 20, two
domains including the respective liquid crystal molecules
with opposite inclinations are formed in one sub pixel. The
number of the domains is not particularly limited. In order to
achieve excellent visual-angle characteristics, four domains
may be formed in one sub pixel.

[0145] According to one example shown in FIG. 20, one
sub pixel includes two or more regions different in electrode
space. Specifically, the regions include a region with a rela-
tively small electrode space (a region with a space of Sn) and
aregion with a relatively large electrode space (a region with
a space of Sw). Thereby, a threshold value of VT character-
istics differs between such regions. Particularly, degree of an
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inclination of the VT characteristics of the entire sub pixels at
low gradation can become small. As a result, occurrence of
white floating can be suppressed and viewing angle charac-
teristics can be improved. The white floating refers to a phe-
nomenon where display that ought to appear dark appears
whitish when an observation direction is changed from a front
direction to an oblique direction during relatively dark dis-
play at low gradation.

[0146] The present application claims priority to Patent
Application No. 2009-130186 filed in Japan on May 29,
2009, Patent Application No. 2009-193031 filed in Japan on
Aug. 24,2009, and Patent Application No. 2010-006691 filed
in Japan on Jan. 15, 2010 under the Paris Convention and
provisions of national law in a designated State, the entire
contents of which are hereby incorporated by reference.

EXPLANATION OF NUMERALS AND

SYMBOLS
[0147] 1: Liquid crystal display panel
[0148] 2: Backlight unit
[0149] 10, 61: Liquid crystal molecule

[0150] 11: TFT substrate

[0151] 12: Counter substrate
[0152] 13: Liquid crystal layer
[0153] 14: A pair of comb-shaped electrodes
[0154] 21: Pixel electrode

[0155] 22: Counter electrode
[0156] 23: Signal line

[0157] 24: Source electrode

[0158] 25: Scanning line (gate line)
[0159] 26: Drain electrode

[0160] 27: TFT

[0161] 28: Semiconductor layer
[0162] 31, 32: Glass substrate

[0163] 33: Common line (counter trunk portion)
[0164] 34: Counter comb-tooth portion
[0165] 41: Color filter

[0166] 41R: Red color filter

[0167] 41G: Green color filter

[0168] 41B: Blue color filter

[0169] 42: Black matrix (BM)

[0170] 45: Pixel trunk portion

[0171] 46: Pixel comb-tooth portion
[0172] 51, 52: Vertical alignment film
[0173] 65: Counter electrode

[0174] 66: Dielectric layer

[0175] 71, 72: Polarizer

[0176] 81: Reflective Sheet
[0177] 82: Light source
[0178] 83: Light guide plate
[0179] 84: Diffusion sheet
[0180] 85: First lens sheet
[0181] 86: Second lens sheet
[0182] 87: Third lens sheet
[0183] 88: Diffuser
1. A liquid crystal display device, comprising:
a liquid crystal display panel including a liquid crystal
layer and a pair of substrates sandwiching the liquid
crystal layer; and
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a backlight unit disposed on a back side of the liquid crystal
display panel, one of the pair of substrates including a
pair of comb-shaped electrodes each having comb teeth,
the comb teeth of one of the pair of comb-shaped elec-
trodes and the comb teeth of the other of the pair of
comb-shaped electrodes being disposed alternately and
spaced apart from each other,

the liquid crystal layer including liquid crystal molecules
with positive dielectric anisotropy,

the liquid crystal molecules being aligned in a direction
perpendicular to a surface of the one of the pair of
substrates when no voltage is applied, and

a difference between a proportion of liquid crystal mol-
ecules aligned in directions at angles of from 20° to 60°
and angles of from —60° to —20° to the surface of the one
of the substrates during white display relative to all
liquid crystal molecules contained in the liquid crystal
layer, and a proportion of light emitted in directions at
angles of from 20° to 60° and angles of from -60° to
—20° to the surface of the one of the substrates relative to
all light emitted from the backlight unit and entering the
liquid crystal display panel being less than 20%.

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

wherein the difference between the proportion of liquid
crystal molecules aligned in directions at angles of from
20° to 60° and angles of from —60° to —20° to the surface
of the one of the substrates to all liquid crystal molecules
contained in the liquid crystal layer during white display,
and the proportion of light emitted in directions at angles
of from 20° to 60° and angles of from —60° to —20° to the
surface of the one of the substrates relative to all light
emitted from the backlight unit and entering the liquid
crystal display panel is less than 15%.

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

wherein the proportion of light emitted in directions at
angles of from 20° to 60° and angles of from -60° to
-20°to the surface of the one of the substrates relative to
all light emitted from the backlight unit and entering the
liquid crystal display panel is 40 to 51%.

4. The liquid crystal display device according to claim 1,
comprising a source line for supplying a signal voltage to one
of the pair of comb-shaped electrodes,

wherein the positive dielectric anisotropy AE is
14<AE<23.

5. The liquid crystal display device according to claim 1,
comprising a first source line for supplying a signal voltage
and a second source line for supplying a signal voltage,

wherein a signal voltage is supplied to one of the pair of
comb-shaped electrodes through the first source line,
and a signal voltage is supplied to the other of the pair of
comb-shaped electrodes through the second source line,

the signal voltage supplied through the first source line and
the signal voltage supplied through the second source
line have polarities opposite to each other, and

the positive dielectric anisotropy A€ is 2.0<AE<11.5.
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