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A liquid crystal display device includes two substrates, liquid
HARNESS, DICKEY & PIERCE, P.L.C. crystal therebetween, and sub-pixel regions. Each sub-pixel
P.O. BOX 828 region is divided into first to fourth display regions by a first
BLOOMFIELD HILLS, MI 48303 (US) axis extending orthogonal to an optical axis of a polarizing
plate and a second axis extending orthogonal to the first axis.
. ) , Each first to fourth display region includes slit electrodes on
(73)  Assignee: EPSON IMAGING DEV,ICES, the second electrodes along the first axis. First slit electrodes
CORPORATION, Azumino-shi in the first display region and second slit electrodes in the
(IP) second display region are symmetric relative to the first axis.
Third slit electrodes in the third display region and fourth slit
271y Apol. No.: 12/362,516 electrodes in the fourth display region are symmetric relative
(21) Appl.-No to the first axis. The first and fourth slit electrodes are sym-
metric relative to the second axis. The second and third slit
(22) Filed: Jan. 30, 2009 electrodes are symmetric relative to the second axis.
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FIG. 3
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FIG. 8
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LIQUID CRYSTAL DISPLAY DEVICE AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal dis-

play device and an electronic apparatus.

[0003] 2. Related Art

[0004] A method for controlling alignment of liquid crystal
molecules by applying an electric field to a liquid crystal layer
in a direction of a substrate surface is known (hereinafter
referred to as a “lateral electric field method”). Examples of
the lateral electric field method include an IPS (In-Plane
Switching) method and an FFS (Fringe-Field Switching)
method. Japanese Unexamined Patent Application Publica-
tion Nos. 2003-233083 and 2007-264231 disclose liquid
crystal display devices employing the FFS methods, and in
particular, disclose methods for attaining wide view angles
using pixel electrodes having multi domain configurations.
[0005] Referring to FIG. 9, each of the liquid crystal dis-
play devices disclosed in Japanese Unexamined Patent Appli-
cation Publication Nos. 2003-233083 and 2007-264231
includes slit electrodes each of which is constituted by bend-
ing a pixel electrode at the center thereof so as to have a V
shapeinaplan view. Each of the slitelectrodes includes a first
slit electrode which is an upper-half portion of the pixel
electrode and a second slit electrode which is a lower-half
portion of the pixel electrode. The first and second slit elec-
trodes are arranged symmetrically with respect to an arrange-
ment axis AX extending in a horizontal direction. A rubbing
direction of an alignment film (alignment controlling direc-
tion) is substantially orthogonal to the arrangement axis AX,
and an optical axis of a polarizing plate (for example, a
transmission axis) is substantially parallel to the rubbing
direction of the alignment film.

[0006] In the vicinity of the slit electrodes, lateral electric
fields are generated in directions orthogonal to directions in
which the slit electrodes extend. Liquid crystal molecules
rotate within a substrate horizontal plane from the rubbing
direction to directions of the electric fields. In a first display
region including the first slit electrode, the direction of the
electric field intersects with the rubbing direction so as to
make an acute angle with the rubbing direction in a counter-
clockwise direction, and therefore, a liquid crystal molecule
corresponding to the first slit electrode rotates in the counter-
clockwise direction. On the other hand, in a second display
region including the second slit electrode, the direction of the
electric field intersects with the rubbing direction so as to
make an acute angle with the rubbing direction in a clockwise
direction, and therefore, a liquid crystal molecule corre-
sponding to the second slit electrode rotates in the clockwise
direction. Since the rotation direction of the liquid crystal
molecule of the first slit electrode is different from the rota-
tion direction of the liquid crystal molecule of the second slit
electrode, view-angle compensation is performed within a
plane of the single pixel electrode. Accordingly, display with
wide view angle is attained.

[0007] In FIG. 9, it is an ideal that the optical axis of the
polarizing plate is parallel to the rubbing direction of the
alignment film. However, in some cases, the rubbing direc-
tion could be tilted with respect to the optical axis of the
polarizing plate depending on alignment accuracy of a rub-
bing device, for example. For example, as shown in FIG. 9,
when the rubbing direction is tilted with respect to the optical
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axis of the polarizing plate by an angle 6 in the clockwise
direction, the liquid crystal molecule included in the first
display region rotates in the direction of the electric field
across the optical axis of the polarizing plate. Therefore,
when the liquid crystal molecule is arranged in parallel to the
optical axis of the polarizing plate, a dark image is displayed,
that is, brightness of the image is deteriorated. On the other
hand, since the liquid crystal molecule included in the second
display region does not rotate across the optical axis of the
polarizing plate, brightness of an image increases in propor-
tion to a magnitude of an applied voltage. Accordingly, the
brightness of the first display region becomes different from
the brightness of the second display region. Therefore, in
particular, in a case where halftone display is performed,
unevenness of brightness could be recognized. This problem
becomes larger as sizes of pixel electrodes become larger in
accordance with increase of'a size of the liquid crystal display
device.

[0008] Note that although the liquid crystal display device
employing the FFS method is described with reference to
FIG. 9, the problem described above also arises in liquid
crystal display devices employing the IPS methods. An
example of the liquid crystal display devices employing the
IPS methods includes pixel electrodes and a common elec-
trode which are constituted by a plurality of slit electrodes
(interdigital electrodes) arranged so that the pixel electrodes
are meshed with the common electrode. Therefore, by bend-
ing the individual slit electrodes of the pixel electrodes and
the common electrode into V shapes, a wide view angle is
attained. However, in this case also, the problem described
above with reference to FIG. 9 arises due to displacement
between the rubbing direction and the optical axis of the
polarizing plate.

SUMMARY

[0009] An advantage of some aspects of the invention is to
provide a liquid crystal display device in which deterioration
of display generated due to displacement between an optical
axis of a polarizing plate and an alignment controlling direc-
tion of an alignment film is prevented and an electronic appa-
ratus including the liquid crystal display device.

[0010] According to an embodiment of the invention, there
is provided a liquid crystal display device including a pair of
substrates which face each other, a liquid crystal layer inter-
posed between the substrates, and a plurality of sub-pixel
regions. One of the substrates includes first electrodes
arranged on a liquid crystal display side in the sub-pixel
regions, second electrodes arranged on the first electrodes
through insulation films so as to face the first electrodes, and
a first alignment film arranged on a surface of the substrate
which contacts the liquid crystal layer. The other of the sub-
strates includes a polarizing plate arranged on a surface far
from the liquid crystal layer, and a second alignment film
arranged on a surface of the substrate which contacts the
liquid crystal layer. Each of the sub-pixel regions is divided
into firstto fourth display regions by a first axis which extends
orthogonal to an optical axis of the polarizing plate and a
second axis which extends orthogonal to the first axis. Each of
the first to fourth display regions includes a plurality of slit
electrodes arranged on the second electrodes along the first
axis. Among the plurality of slit electrodes, first slit electrodes
included in the first display region and second slit electrodes
included in the second display region are symmetrically
arranged with respect to the first axis, and third slit electrodes
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included in the third display region and fourth slit electrodes
included in the fourth display region are symmetrically
arranged with respect to the first axis. The first slit electrodes
and the fourth slit electrodes are symmetrically arranged with
respect to the second axis, and the second slit electrodes and
the third slit electrodes are symmetrically arranged with
respect to the second axis.

[0011] With this configuration, liquid crystal molecules
included in the liquid crystal layer of the first and third display
regions rotate from initial alignment directions (alignment
directions controlled by the first alignment film and the sec-
ond alignment film) toward directions of electric fields in a
counterclockwise direction in a substrate horizontal plane,
and liquid crystal molecules included in the liquid crystal
layer of the second and fourth display regions rotate from
initial alignment directions (alignment directions controlled
by the first alignment film and the second alignment film)
toward directions of electric fields in a clockwise direction in
a substrate horizontal plane. Therefore, view angle compen-
sation is performed in a plane orthogonal to the first axis and
in a plane orthogonal to the second axis, and accordingly,
display with wide view angle is attained.

[0012] Here, although alignment controlling directions of
the alignment films are set so as to parallel to the optical axis
of the polarizing plate, the alignment controlling directions
could be slightly shifted due to manufacturing errors. For
example, when the alignment controlling directions of the
alignment films are shifted by 0 relative to the optical axis of
the polarizing plate in the clockwise direction, the liquid
crystal molecules in the first and third display regions rotate
across the optical axis of the polarizing plate (for example, a
transmission axis) toward the direction of the electric fields.
Therefore, when the liquid crystal molecules are aligned par-
allel to the optical axis of the polarizing plate, dark display is
performed resulting in deterioration of brightness. On the
other hand, the liquid crystal molecules in the second and
fourth display regions do not rotate across the optical axis of
the polarizing plate, that is, alignment states of the liquid
crystal molecules in the second and fourth display regions are
not changed. Accordingly, unlike the first and third display
regions, deterioration of brightness is avoided.

[0013] In the related art, in a liquid crystal display device
only including two display regions which have different
directions in which slit electrodes extend, for example, the
first and second display regions, in a single sub-pixel region,
images in the adjacent two display regions which vertically
divide the single sub-pixel region with the first axis intet-
posed therebetween have different levels of brightness.
Therefore, in particular, when images of halftones are dis-
played, unevenness of brightness may be recognized.

[0014] On the other hand, since the liquid crystal display
device of this embodiment includes the four display regions
which have different directions in which the slit electrodes
extend relative to the first axis and the second axis, in the
display regions vertically adjacent to each other with the first
axis AX1 interposed therebetween and in the display regions
horizontally adjacent to each other with the second axis AX2
interposed therebetween, the voltage-transmissivity charac-
teristics in the adjacent two display regions are compensated
for each other. Accordingly, an image having uniform bright-
ness as a whole is displayed.

[0015] Note that the term “an optical axis of a polarizing
plate” means a transmission axis or an absorption axis of the
polarizing plate. A first polarizing plate is arranged on a
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surface of one of the substrates on which the first and second
electrodes are arranged, the surface being opposite to a sutr-
face located near the liquid crystal layer. A second polarizing
plate is arranged on a surface of the other of the substrates, the
surface being opposite to a surface located near the liquid
crystal layer. An optical axis of the first polarizing plate is
orthogonal to an optical axis of the second polarizing plate. In
acase of an active matrix liquid crystal display device includ-
ing thin-film transistors, the optical axes of the first and sec-
ond polarizing plates may be arranged in parallel to a direc-
tion in which scanning lines connected to the thin-film
transistors extend or a direction in which the data lines con-
nected to the thin-film transistors extend.

[0016] The plurality of slit electrodes may be arranged with
uniform intervals.

[0017] The slit electrodes may be configured by forming
opening portions having slit shapes on the second electrodes.
Opening portions of the first slit electrodes and the opening
portions of the second slit electrodes may be connected to
each other. Opening portions of the third slit electrodes and
the opening portions of the fourth slit electrodes may be
connected to each other.

[0018] With this configuration, display is effectively per-
formed also in the vicinity of the first axis.

[0019] According to another embodiment of the invention,
there is provided an electronic apparatus including the liquid
crystal display device described above.

[0020] With this configuration, deterioration of display
which occur due to a displacement between the optical axes
and the polarizing plates and the alignment controlling direc-
tions of the alignment films is prevented, and consequently,
an electronic apparatus capable of displaying a high-quality
image is realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0022] FIG. 1is a diagram illustrating an equivalent circuit
of a liquid crystal display device.

[0023] FIG. 2 is a plan view illustrating a sub-pixel
included in the liquid crystal display device.

[0024] FIG. 3 is a sectional view taken along a line I1I to 111
of FIG. 2.
[0025] FIG. 4 is a diagram illustrating the arrangement

relationship among optical axes of the liquid crystal display
device.

[0026] FIG. 5 is a plan view schematically illustrating an
alignment state of liquid crystal molecules in various display
regions included in the liquid crystal display device.

[0027] FIG. 6 is a diagram illustrating the relationships
between a voltage and transmissivity of the various display
regions of the liquid crystal display device.

[0028] FIGS. 7A to 7E are plan views illustrating modifi-
cations of a pixel electrode.

[0029] FIG. 8 is a perspective view illustrating a cellular
phone which is an example of an electronic apparatus.
[0030] FIG. 9 is a plan view schematically illustrating an
alignment state of liquid crystal molecules included in a
known liquid crystal display device.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0031] A liquid crystal display device according to an
embodiment of the invention will now be described with
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reference to the accompanying drawings. Note that, in the
description below, arrangements of components are
described using an XYZ orthogonal coordinate system. In
this embodiment, an X direction corresponds to a direction in
which scanning lines extend, a Y direction corresponds to a
direction in which data lines extend, and a Z direction corre-
sponds to a direction in which a viewer views an image
display region. In the drawings, films and components are
illustrated by different scales so that the films and the com-
ponents have sizes recognizable in the drawings.

[0032] The liquid crystal display device of this embodi-
ment employs an FFS (Fringe Field Switching) method
among various methods for displaying images by controlling
alignment of liquid crystal by applying an electric field to the
liquid crystal substantially in a direction of a substrate plane.
Furthermore, the liquid crystal display device of this embodi-
ment is acolor liquid crystal display device, and a single pixel
includes three sub-pixels which emit respective R (red) light,
G (green) light, and B (blue) light. Hereinafter, a region
corresponding to a minimum unit of image display is referred
to as a “sub-pixel region”, and a region including a set of
sub-pixels (R, G, and B) is referred to as a “pixel region”.
Furthermore, a region including a plurality of pixels arranged
in a matrix in the X direction and the Y direction is referred to
as an “image display region”.

[0033] FIG.1is a diagram illustrating an equivalent circuit
of a liquid crystal display device 100. The liquid crystal
display device 100 has an image display region which
includes a plurality of sub-pixel regions arranged in a matrix.
The sub-pixel regions each include pixel electrodes 9 and
TFTs 30 which control the corresponding pixel electrodes 9
by switching, and includes liquid crystal layers 50 interposed
between the pixel electrodes 9 and common electrodes 19.
The common electrodes 19 are electrically connected to cor-
responding common lines 35 extending from a scanning line
driving circuit 102, and the common electrodes 19 included in
the corresponding plurality of sub-pixels have identical
potentials.

[0034] A plurality of data lines 6a extending from a data
line driving circuit 101 are electrically connected to corre-
sponding sources of the TFTs 30. The data line driving circuit
101 supplies image signals S1 to Sn through the data lines 6a
to the sub-pixels. The image signals S1 to Sn may be line-
sequentially supplied in this order or may be divided into
some groups so as to be supplied to the plurality of data lines
6a on a group-by-group basis.

[0035] A plurality of scanning lines 3a extending from the
scanning line driving circuit 102 are electrically connected to
gates of the TFTs 30. The scanning line driving circuit 102
line-sequentially supplies scanning signals G1 to Gm in this
order in forms of pulses at predetermined timings through the
scanning lines 3a to the gates of the TFTs 30.

[0036] The pixel electrodes 9 are electrically connected to
corresponding drains of the TFTs 30. When the TFTs 30
serving as switching elements are brought to on states for a
predetermined period by inputting the scanning signals G1 to
Gm, the image signals S1 to Snsupplied from the data lines 6a
are written to the corresponding pixel electrodes 9 at prede-
termined timings. The image signals S1 to Sn which have
predetermined levels and which are written to liquid crystal
through the pixel electrodes 9 are held in a space defined by
the pixel electrodes 9 and the common electrodes 19 which
face the pixel electrodes 9 through the liquid crystal.
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[0037] FIG. 2 is a plan view illustrating a configuration of
one of the sub-pixel regions included in the liquid crystal
display device 100. Hereinafter, description will be made
taking one of the sub-pixel regions as an example. The sub-
pixel region included in the liquid crystal display device 100
includes the pixel electrode (second electrode) 9 having a
plurality of opening portions S which have slit shapes and
which extend substantially parallel to the Y direction, and a
common electrode (first electrode) 19 which has a substan-
tially rectangular shape and which overlaps with the pixel
electrode 9 in a plan view. The pixel electrode 9 includes a
plurality of slit electrodes 9¢ (38 slit electrodes 9¢ in FIG. 2)
arranged in the X direction and a frame portion 9a which has
a substantially rectangular frame shape in a plan view and
which is connected to end portions of the slit electrodes 9c.
Note that, in the single sub-pixel region, a region in which the
pixel electrode 9 overlaps with the common electrode 19 ina
plan view functions as a capacitor of the sub-pixel region.
Therefore, it is not necessary to separately provide a storage
capacitor, and a high aperture ratio is attained.

[0038] Thepixel electrode 9 includes a plurality of regions
including corresponding groups of the slit electrodes 9c.
Directions in which the groups of the slit electrodes 9¢ extend
are different for individual groups. In this embodiment, the
single sub-pixel regionis divided into four display regions D1
to D4 by a first axis AX1 which extends in parallel to the X
direction and which passes through the center of the pixel
electrode 9 and a second axis AX2 which extends in parallel
to the Y direction and which passes through the center of the
pixel electrode 9. In each of the display regions, the plurality
of slit electrodes 9¢ are arranged in parallel to each other with
predetermined intervals in the X direction. The slit electrodes
9¢ included in one (for example, referred to as a “first display
region”) of the display regions extend in a direction different
from a direction in which the slit electrodes 9¢ included in one
of the other display regions which is adjacent, in the Y direc-
tion, to the first display region with the first axis AX1 inter-
posed therebetween extend.

[0039] For example, among the four display regions, a dis-
play region which is located near a corresponding one of the
data lines 6a and away from a corresponding one of the
scanning lines 3a is referred to as a first display region D1, a
display region which is located adjacent to the first display
region D1 with the first axis AX1 interposed therebetween is
referred to as a second display region D2, a display region
which is located adjacent to the second display region D2
with the second axis AX2 interposed therebetween is referred
to as a third display region D3, and a display region which is
located adjacent to the third display region D3 with the first
axis AX1 interposed therebetween is denoted by a fourth
display region D4. Then, the slit electrodes 9¢ included in the
first display region D1 arereferred to as first slit electrodes 41,
the slit electrodes 9¢ included in the second display region D2
are referred to as second slit electrodes 42, the slit electrodes
9¢ included in the third display region D3 are referred to as
third slit electrodes 43, and the slit electrodes 9¢ included in
the fourth display region D4 are referred to as fourth slit
electrodes 44.

[0040] In this embodiment, the first slit electrodes 41
extend in a direction in which an axis extending in the direc-
tion makes an acute angle with the second axis AX2 in a
clockwise direction. The second slit electrodes 42 extend ina
direction in which an axis extending in the direction makes an
acute angle with the second axis AX2 in a counterclockwise
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direction. The third slit electrodes 43 extend in a direction in
which an axis extending in the direction makes an acute angle
with the second axis AX2 in a clockwise direction. Similarly,
the fourth slit electrodes 44 extend in a direction in which an
axis extending in the direction makes an acute angle with the
second axis AX2 in a counterclockwise direction. Accord-
ingly, each of the first slit electrodes 41 extends so that the
farther a portion of the first slit electrode 41 of interest
becomes relative to a corresponding one of the data lines 6a,
the farther the portion of the first slit electrode 41 of interest
becomes relative to a corresponding one of the scanning lines
3a. Each of the second slit electrodes 42 extends so that the
farther a portion of the second slit electrodes 42 of interest
becomes relative to the corresponding one of the data lines 6a,
the closer the portion of the second slit electrodes 42 of
interest becomes relative to the corresponding one of the
scanning lines 3a. Each of the third slit electrodes 43 extends
so that the farther a portion of the third slit electrodes 43 of
interest becomes relative to the corresponding one of the data
lines 6a, the farther the portion of the third slit electrodes 43
of interest becomes relative to a corresponding one of the
scanning lines 3a. Similarly, each of the fourth slit electrodes
44 extends so that the farther a portion of the fourth slit
electrodes 44 of interest becomes relative to the correspond-
ing one of the data lines 6a, the closer the portion of the fourth
slit electrodes 44 of interest becomes relative to the corre-
sponding one of the scanning lines 3a.

[0041] An acute angle defined by the second axis AX2 and
one of the first slit electrodes 41 is denoted by an angle 0,, an
acute angle defined by the second axis AX2 and one of the
second slit electrodes 42 is denoted by an angle 0,, an acute
angle defined by the second axis AX2 and one of the third slit
electrodes 43 is denoted by an angle 6, and an acute angle
defined by the second axis AX2 and one of the fourth slit
electrodes 44 is denoted by an angle 6,,. Each of the angles 8,
0,,0;,and 0, is within a range from 10° to 15°. The angles 0,
0,, 05, and 8, may be different angles or may be the same
angles. In this case, the angles 0,, 0,, 0,, and 0, are the same
angles.

[0042] The number of the first slit electrodes 41 is equal to
the number of the second slit electrodes 42, and the first slit
electrodes 41 and the second slit electrodes 42 are arranged so
that the first axis AX1 is interposed between a group of the
first slit electrodes 41 and a group of the second slit electrodes
42. A ratio (duty ratio) of a width of one of the first slit
electrodes 41 to a width of one of slits generated between
adjacent first slit electrodes 41 is equal to a ratio (duty ratio)
of awidth of one of the second slit electrodes 42 to a width of
one ofslits generated between adjacent second slit electrodes
42. The first slit electrodes 41 and the second slit electrodes 42
are connected to the frame portion 9a arranged on the first
axis AX1. The first slit electrodes 41 are arranged so as to
correspond to the second slit electrodes 42. The first slit
electrodes 41 and the corresponding second slit electrodes 42
are symmetrically arranged with respect to the first axis AX1.
The first slit electrodes 41 are connected to the corresponding
second slit electrodes 42 on the first axis AX1, and the first slit
electrodes 41 and the corresponding second slit electrodes 42
constitute first bent electrodes 48 each of which includes a
bent portion on the first axis AX1 and each of which has a
substantially V-shape in plan view. The first bent electrodes
48 are arranged in one of half regions of the sub-pixel region,
which is obtained by dividing the sub-pixel region into two
with respect to the second axis AX2 and which is one of
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obtained half regions near the corresponding one of the data
lines 6a. Each of the first bent electrodes 48 has a shape in
which half portions thereof are symmetric with each other
with respect to the first axis AX1. The first bent electrodes 48
are arranged in parallel in the X direction with uniform inter-
vals interposed therebetween.

[0043] Thenumber of the third slit electrodes 43 is equal to
the number of the fourth slit electrodes 44, and the third slit
electrodes 43 and the fourth slit electrodes 44 are arranged so
that the first axis AX1 is interposed between a group of the
third slit electrodes 43 and a group of the fourth slit electrodes
44. A ratio (duty ratio) of a width of one of the third slit
electrodes 43 to a width of one of slits generated between
adjacent third slit electrodes 43 is equal to a ratio (duty ratio)
of a width of one of the fourth slit electrodes 44 to a width of
one of slits generated between adjacent fourth slit electrodes
44. The third slit electrodes 43 and the fourth slit electrodes 44
are connected to the frame portion 9a arranged on the first
axis AX1. The third slit electrodes 43 are arranged so as to
correspond to the fourth slit electrodes 44. The third slit
electrodes 43 and the corresponding fourth slit electrodes 44
are symmetrically arranged with respect to the first axis AX1.
The third slit electrodes 43 are connected to the correspond-
ing fourth slit electrodes 44 on the first axis AX1, and the third
slit electrodes 43 and the corresponding fourth slit electrodes
44 constitute second bent electrodes 49 each of which
includes a bent portion on the first axis AX1 which has a
substantially V-shape in plan view. The second bent elec-
trodes 49 are arranged in one of half regions of the sub-pixel
region, which is obtained by dividing the sub-pixel region
into two with respect to the second axis AX2 and which is one
of obtained half regions away from the corresponding one of
the data lines 6a. Each of the first bent electrodes 48 has a
shape in which half portions thereof are symmetric with each
other with respect to the first axis AX1. The second bent
electrodes 49 are arranged in parallel in the X direction with
uniform intervals interposed therebetween.

[0044] Thenumber of the first bent electrodes 48 is equal to
the number of the second bent electrodes 49, and the first bent
electrodes 48 and the second bent electrodes 49 are arranged
so that the second axis AX2 is interposed between a group of
the first bent electrodes 48 and a group of the second bent
electrodes 49. A duty ratio of each of the first bent electrodes
48 is equal to a duty ratio of each of the second bent electrodes
49. The first bent electrodes 48 are arranged so as to corre-
spond to the second bent electrodes 49. The first bent elec-
trodes 48 and the corresponding second bent electrodes 49 are
symmetrically arranged with respect to the second axis AX2,
except for a pair of one of the first bent electrodes 48 and one
of the second bent electrodes 49 which is arranged in an
outermost portion of the pixel electrode 9. The first bent
electrodes 48 have the substantially V-shapes in a plan view
so that the bent portions thereof are positioned closer to the
corresponding one of the data lines 6a. The second bent
electrodes 49 have the substantially V-shapes in a plan view,
which are reversed V-shapes with respect to the shapes of the
first bent electrodes 48, so that the bent portions thereof are
positioned away from the corresponding one of the data lines
6a. Accordingly, the first bent electrodes 48 and the second
bent electrodes 49 are arranged so that the bent portions of the
first bent electrodes 48 and the bent portions of the second
bent electrodes 49 are positioned away from the second axis
AX2.
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[0045] The sub-pixel region includes one of the data lines
6a extending in the Y direction and one of the scanning lines
3a extending in the X direction. The TFT 30 is arranged in the
vicinity of an intersection of the data line 64 of interest and the
scanning line 3a of interest. The TFT 30 includes a semicon-
ductor film 35 formed of amorphous silicon which is arranged
so as to partially overlap with the scanning line 3a of interest,
a source electrode 65 and a drain electrode 32 which are
arranged so as to partially overlap with the semiconductor
film 35 in a plan view. A portion of the scanning line 3a of
interest functions as a gate electrode of the TFT 30 and
overlaps with the semiconductor film 35 in a plan view. The
source electrode 64 is branched from the data line 6a of
interest and extends on the semiconductor film 35. The pixel
electrode 9 is arranged on the drain electrode 32, and a pixel
contact hole 45 is arranged in a portion in which the pixel
electrode 9 overlaps with the drain electrode 32 in a plan view.
The drain electrode 32 and the pixel electrode 9 are electri-
cally connected to each other through the pixel contact hole
45.

[0046] FIG. 3 is a sectional view taken along a line III to 111
of FIG. 2. The liquid crystal display device 100 includes a
TFT array substrate 10, a counter substrate 20 which faces the
TFT array substrate 10, a liquid crystal layer 50 sandwiched
between the TFT array substrate 10 and the counter substrate
20, a first polarizing plate 14 arranged on an outer surface side
(on a side opposite to a side near the liquid crystal layer 50) of
the TFT array substrate 10, a second polarizing plate 24
arranged on an outer surface side of the counter substrate 20,
a lluminating device 90 arranged outside of the first polariz-
ing plate 14. With this configuration, the liquid crystal display
device 100 emits illumination light from the outer surface
side of the first polarizing plate 14.

[0047] The TFT array substrate 10 includes a translucent
substrate body 10A formed of glass, quartz, or plastic, as a
base substance. The scanning lines 3a are arranged on an
inner surface side of the substrate body 10A (on a side near the
liquid crystal layer 50), and furthermore, a gate insulation
film 11 which is a transparent insulation film formed of sili-
con oxide, for example, and which covers the scanning lines
3a is arranged on the inner surface side of the substrate body
10A.

[0048] In each of the sub-pixel regions, the semiconductor
film 35 formed of amorphous silicon is arranged on the gate
insulation film 11, and the source electrode 65 and the drain
electrode 32 are arranged so as to partially overlap with the
semiconductor film 35. The semiconductor film 35 faces a
corresponding one of the scanning lines 3a through the gate
insulation film 11, and the portion of the scanning line 3a of
interest which overlaps with the semiconductor film 35 serves
as the gate electrode of the TFT 30.

[0049] A firstinterlayer insulation film 12 formed of silicon
oxide, for example, is arranged on the gate insulation film 11
s0 as to cover the semiconductor film 35, the source electrode
65, and the drain electrode 32. The solid common electrode
19 formed of transparent conductive material, such as ITO, is
arranged on the first interlayer insulation film 12. A second
interlayer insulation film 13 formed of silicon oxide, for
example, is arranged on the common electrode 19 so as to
cover the common electrode 19. The pixel electrodes 9
formed of transparent conductive material such as ITO is
patterned on the second interlayer insulation film 13.

[0050] The pixel contact hole 45 is formed so as to pen-
etrate through the first interlayer insulation film 12 and the
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second interlayer insulation film 13 and reaches the drain
electrode 32. A portion of the pixel electrode 9 is buried into
the pixel contact hole 45 whereby the pixel electrodes 9 are
electrically connected to the drain electrode 32. The common
electrode 19 is provided with an opening portion which cor-
responds to a portion in which the pixel contact hole 45 is
formed. By this, the common electrode 19 is not in contact
with the pixel electrode 9.

[0051] A firstalignment film 18 formed of a polyimide, for
example, is arranged on the second interlayer insulation film
13 5o as to cover the pixel electrodes 9. The first alignment
film 18 is subjected to alignment processing such as rubbing
processing so that liquid crystal molecules are aligned in a
predetermined direction. An alignment controlling direction
of the first alignment film 18 is parallel to a direction in which
the data lines 6a extend.

[0052] The counter substrate 20 includes a translucent sub-
strate body 20A formed of glass, quartz, or plastic, as a base
substance. A color filter film 22 is arranged on an inner
surface side of the substrate body 20A (on a side near the
liquid crystal layer 50). The color filter film 22 formed of
acrylic is arranged for each sub-pixel region, and contains
color material corresponding to display color of correspond-
ing one of the sub-pixel regions.

[0053] A second alignment film 28 formed of polyimide,
for example, is arranged on an inner surface side of the color
filter film 22. The second alignment film 28 has a configura-
tion the same as that of the first alignment film 18, and an
alignment controlling direction of the second alignment film
28 is antiparallel to that of the first alignment film 18. Accord-
ingly, the liquid crystal layer 50 arranged between the TFT
array substrate 10 and the counter substrate 20 has a horizon-
tal alignment state as an initial alignment state.

[0054] FIG. 4 is a diagram illustrating the arrangement
relationship among optical axes of optical elements, for
example, included in the liquid crystal display device 100. A
transmission axis 155 of the first polarizing plate 14 is parallel
to the X direction. A transmission axis 153 of the second
polarizing plate 24 is parallel to the Y direction. The first
alignment film 18 and the second alignment film 28 are sub-
jected to rubbing processing in an identical direction ina plan
view, and the direction corresponds to a rubbing direction
151. Although the rubbing direction 151 (alignment control-
ling direction) is set in parallel to the Y axis, the rubbing
direction 151 could be displaced within a range from 0° to 5°
due to a manufacturing error.

[0055] A direction of a lateral electric field generated
between the pixel electrodes 9 and the common electrode 19
is orthogonal to a direction in which the slit electrodes 9¢
arranged on the pixel electrodes 9 extend. A direction in
which the first slit electrodes 41 extend is parallel to a direc-
tion in which the third slit electrodes 43 extend, and an axis of
the directions and the Y axis make an angle in a range from
10° to 15° in a clockwise direction with respect to the Y axis.
Therefore, the direction of a lateral electric field generated
between the first slit electrodes 41 and the common electrode
19 and a direction 158 of a lateral electric field generated
between the third slit electrodes 43 and the common electrode
19 correspond to a direction of an axis which makes an angle
in a range from 10° to 15° (denoted by O, in FIG. 4) in a
clockwise direction with respect to the X axis. On the other
hand, a direction in which the second slitelectrodes 42 extend
is parallel to a direction in which the fourth slit electrodes 44
extend, and an axis of the directions and the Y axis make an
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angle in a range from 10° to 15° in a counterclockwise direc-
tion with respect to the Y axis. Therefore, the direction of a
lateral electric field generated between the second slit elec-
trodes 42 and the common electrode 19 and a direction 159 of
a lateral electric field generated between the fourth slit elec-
trodes 44 and the common electrode 19 correspond to a direc-
tion of an axis which makes an angle in a range from 10° to
15° (denoted by 0z, in FIG. 4) in a counterclockwise direction
with respect to the X axis.

[0056] In each of the sub-pixel regions in the liquid crystal
display device 100, since an image signal (voltage) is sup-
plied to the pixel electrodes 9 through the TFT 30, an electric
field in a direction of a substrate surface is generated between
the pixel electrodes 9 and the common electrode 19, and the
liquid crystal is driven by the electric field. Then, display is
performed by changing transmissivity for each sub-pixel
region. That s, in a state in which voltage is not applied to the
pixel electrodes 9, the liquid crystal molecules included in the
liquid crystal layer 50 are horizontally aligned in parallel to
the rubbing direction. When an electric field is generated in
the liquid crystal layer 50 through the pixel electrodes 9 and
the common electrode 19 along a direction orthogonal to the
direction in which the slit electrodes 9¢ included in the pixel
electrodes 9 extend, the liquid crystal molecules are rotated in
the substrate surface and aligned in a direction in parallel to
the direction of the generated electric field.

[0057] Theillumination light emitted from the illuminating
device 90 passes through the first polarizing plate 14 to
thereby be converted into linear polarized light which is emit-
ted along the transmission axis 155 of the first polarizing plate
14 and is incident on the liquid crystal layer 50. When the
liquid crystal layer 50 is in an off state (in a non-selection
state), the linear polarized light incident on the liquid crystal
layer 50 is emitted from the liquid crystal layer 50 in a state
the same as the state of the light obtained when the light is
incident on the liquid crystal layer 50. The linear polarized
light is absorbed in the second polarizing plate 24 having the
transmission axis 153 orthogonal to the linear polarized light
whereby the sub-pixel region is displayed as dark display. On
the other hand, when the liquid crystal layer 50 is in an on
state (in a selection state), the liquid crystal layer 50 adds a
predetermined phase difference (2 wavelength) to the linear
polarized light incident on the liquid crystal layer 50 so that
the linear polarized light is converted into linear polarized
light which is rotated by 90° with respect to a direction of the
polarized light obtained when the polarized light is incident
on the liquid crystal layer 50. Then, the converted polarized
light is emitted from the liquid crystal layer 50. Since the
linear polarized light is emitted parallel to the transmission
axis 153 of the second polarizing plate 24, the linear polarized
light is transmitted through the second polarizing plate 24 and
is recognized as display light whereby the sub-pixel region is
displayed as bright display. As described above, a liquid crys-
tal display device in a normally black mode is realized.

[0058] As shown in FIG. 2, the single sub-pixel region
includes the four types of slit electrodes, i.e., the first slit
electrodes 41, the second slit electrodes 42, the third slit
electrodes 43, and the fourth slit electrodes 44. That is, the
single sub-pixel region includes four types of display regions,
1.e., the first display region D1, the second display region D2,
the third display region D3, and the fourth display region D4
which have respective alignment states of molecules different
depending on directions in which the first slit electrodes 41,
the second slit electrodes 42, the third slit electrodes 43, and
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the fourth slit electrodes 44 extend (that is, depending on
directions in which the lateral electric fields are generated).
Rotation directions of the liquid crystal molecules included in
the display regions D1, D2, D3, and D4 are individually
determined for each display region to be a clockwise direction
or a counterclockwise direction in accordance with the direc-
tions in which the slit electrodes 41, 42, 43, and 44 extend and
the rubbing directions of the alignment films 18 and 28. The
four types of slit electrodes, i.e., the first slit electrodes 41, the
second slit electrodes 42, the third slit electrodes 43, and the
fourth slit electrodes 44 are arranged symmetrically with
respect to the first axis AX1 and the second axis AX2. There-
fore, view-angle compensation is performed in two direc-
tions, i.e., in a direction orthogonal to the first axis AX1 and
in a direction orthogonal to the second axis AX2. Accord-
ingly, display with wide view-angle is attained.

[0059] FIG. 5 is a plan view schematically illustrating
alignment states of liquid crystal molecules 50« included in
the display regions D1 to D4. Directions of electric fields
generated in the first display region D1 and the third display
region D3 (that is, directions orthogonal to directions in
which the first slit electrodes 41 and the third slitelectrodes 43
extend) make acute angles with the rubbing direction 151 ina
counterclockwise direction with respect to the rubbing direc-
tion 151. Therefore, the liquid crystal molecules 50« included
in the first display region D1 and the third display region D3
are rotated from the rubbing direction 151 toward the direc-
tions of the electric fields in the counterclockwise direction in
a substrate horizontal plane. On the other hand, directions of
electric fields generated in the second display region D2 and
the fourth display region D4 make acute angles with the
rubbing direction 151 in a clockwise direction with respect to
the rubbing direction 151. Therefore, the liquid crystal mol-
ecules 50a included in the second display region D2 and the
fourth display region D4 are rotated from the rubbing direc-
tion 151 toward the directions of the electric fields in the
clockwise direction in the substrate horizontal plane.

[0060] Here, although the rubbing direction 151 of the first
alignment film 18 and the second alignment film 28 are set so
as to parallel to the transmission axis 153 of the second
polarizing plate 24, the rubbing direction 151 could be
slightly displaced from the direction parallel to the transmis-
sion axis 153 due to a manufacturing error. For example,
when the rubbing direction 151 is tilted by an angle 0, with
respect to the transmission axis 153 in the clockwise direc-
tion, the liquid crystal molecules 50a included in the first
display region D1 and the third display region D3 are rotated
in the directions of the electric fields across the transmission
axis 153 of the second polarizing plate 24. Therefore, when
the liquid crystal molecules 50a are aligned in parallel to the
transmission axis 153 of the second polarizing plate 24, dark
display is performed, resulting in deterioration of brightness.
On the other hand, since the alignment states of the liquid
crystal molecules 50a included in the second display region
D2 and the fourth display region D4 are not changed, that is,
the liquid crystal molecules 504 included in the second dis-
play region D2 and the fourth display region D4 are not
rotated across the transmission axis 153 of the second polar-
izing plate 24, unlike the first display region D1 and the third
display region D3, deterioration of brightness does not occur.
[0061] Note that FIG. 5 shows a case where an intersection
angle 65 made by an axis of the rubbing direction of the first
alignment film 18 and the transmission axis 153 of the second
polarizing plate 24 is equal to an intersection angle 8, made
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by the rubbing direction of the second alignment film 28 and
the transmission axis 153 of the second polarizing plate 24
(that is, the angles 05 and 0, make acute angles 0, with the
transmission axis 153 of the second polarizing plate 24 in the
clockwise direction with respect to the transmission axis
153). However, even when the angles 05 and 0, are different
from each other, if the angles 85 and 6 are smaller than any of
angles 6, to 8, the same effect is obtained.

[0062] FIG. 6is a diagram illustrating voltage-transmissiv-
ity characteristics of the display regions D1 to D4. In the first
display region D1 and the third display region D3, as the
voltage increases to a certain amount, the transmissivity is
lowered, and thereafter, as the voltage further increases, the
transmissivity increases. On the other hand, in the second
display region D2 and the fourth display region D4, as the
voltage increases, the transmissivity increases. This is
because the alignments of the liquid crystal molecules change
across the transmission axis of the second polarizing plate 24
in the first and third display regions D1 and D3 whereas the
alignments of the liquid crystal molecules do not change in
such a way in the second and fourth display regions D2 and
D4. These two voltage-transmissivity characteristics are
changed in accordance with the intersection angle 6, (a
degree of displacement) made by the rubbing direction 151
and the transmission axis 153 of the second polarizing plate
24. As the intersection angle 8z becomes large, a difference
between the two voltage-transmissivity characteristics
becomes large.

[0063] In the related art, in a liquid crystal display device
only including two display regions which have different
directions in which slit electrodes extend, for example, the
first and second display regions D1 and D2, in a single sub-
pixel region, images in the adjacent two display regions
which vertically divide the single sub-pixel region with a
second axis AX2 interposed therebetween have different lev-
els of brightness. Therefore, in particular, when images of
halftones are displayed, unevenness of brightness may be
recognized.

[0064] On the other hand, since the liquid crystal display
device 100 of this embodiment includes the four display
regions D1 to D4 which have different directions in which the
slit electrodes extend relative to the first axis AX1 and the
second axis AX2, in the display regions vertically adjacent to
each other with the first axis AX1 interposed therebetween
and in the display regions horizontally adjacent to each other
with the second axis AX2 interposed therebetween, the volt-
age-transmissivity characteristics in the adjacent two display
regions are compensated for each other. Accordingly, an
image having uniform brightness in the vertical direction and
the horizontal direction is displayed as a whole.

[0065] That is, uneven brightness could occur between the
first and second display regions D1 and D2 due to the differ-
ence between the voltage-transmissivity characteristics.
However, since the fourth display region D4, which has the
voltage-transmissivity characteristic the same as that of the
second display region D2, is arranged on the right side of the
first display region D1 and the third display region D3, which
has the voltage-transmissivity characteristic the same as that
of the first display region D1, is arranged on the right side of
the second display region D2, the voltage-transmissivity
characteristics of the first and second display regions D1 and
D2 are compensated for the voltage-transmissivity character-
istics of the forth and third display regions D4 and D3 which
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are arranged adjacent to the first and second display regions
D1 and D2, respectively, with the second axis AX2 interposed
therebetween.

[0066] Furthermore, uneven brightness could occur
between the first and fourth display regions D1 and D4 due to
the difference between the voltage-transmissivity character-
istics. However, since the second display region D2, which
has the voltage-transmissivity characteristic the same as that
of the fourth display region D4, is arranged on a lower side of
the first display region D1 and the third display region D3,
which has the voltage-transmissivity characteristic the same
as that of the first display region D1, is arranged on a lower
side of the fourth display region D4, the voltage-transmissiv-
ity characteristics of the first and fourth display regions D1
and D4 are compensated for the voltage-transmissivity char-
acteristics of the second and third display regions D2 and D3
which are arranged adjacent to the first and second display
regions D1 and D2, respectively, with the first axis AX1
interposed therebetween. Consequently, an image having less
unevenness of brightness in the vertical direction and the
horizontal direction is displayed.

[0067] In this embodiment, the pixel electrodes 9 are
arranged on the common electrode 19 through the insulation
film. However, the common electrode 19 may be arranged on
the pixel electrodes 9 through the insulation film, and further-
more, the slit electrodes 9¢ may be arranged on the common
electrode 19. In this case also, an effect the same as that
described above is attained by making the directions in which
the slit electrodes extend in the display regions adjacent to
each other with the first axis AX1 interposed therebetween
different from each other and by making the directions in
which the slit electrodes extend in the display regions adja-
cent to each other with the second axis AX2 interposed ther-
ebetween different from each other.

[0068] In this embodiment, the bent portions of the first
bent electrodes 48 and the bent portions of the second bent
electrodes 49 are arranged so as to be away from the second
axis AX2, and both end portions of the first bent electrodes 48
face both end portions of the second bent electrodes 49 with
the second axis AX2 interposed therebetween. However, the
bent portions of the first bent electrodes 48 and the bent
portions of the second bent electrodes 49 may be arranged so
as to be close to the second axis AX2 and the both end portions
of the first bent electrodes 48 and the both end portions of the
second bent electrodes 49 may be arranged so as to be away
from the second axis AX2.

[0069] Inthisembodiment, the transmission axis 155 ofthe
first polarizing plate 14 is arranged in the X direction, and the
transmission axis 153 of the second polarizing plate 24 is
arranged in the Y direction. However, the transmission axis
155 of the first polarizing plate 14 may be arranged in the Y
direction, and the transmission axis 153 of the second polar-
izing plate 24 may be arranged in the X direction. In this case,
an absorption axis of the first polarizing plate 14 is arranged
in the X direction, and an absorption axis of the second
polarizing plate 24 is arranged in the Y direction.

Modifications

[0070] FIGS. 7A to 7E are plan views illustrating modifi-
cations of a pixel electrode. In FIGS. 7A to 7E, components
the same as those shown in FIG. 2 are denoted by reference
numerals the same as those shown in FIG. 2, and therefore,
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detailed descriptions thereof are omitted. In FIGS. 7A to 7E,
the number of slit electrodes is different from that of FIG. 2
for simplicity of the drawing.

[0071] FIG. 7A is a plan view illustrating a first modifica-
tion of one of the pixel electrodes 9. In the liquid crystal
display device 100 in FIG. 2, the opening portions S of the
pixel electrode 9 are divided by the frame portion 9a on the
first axis AX1. However, in the first modification, the pixel
electrode 9 does not include a frame portion on a first axis
AX1. Therefore, opening portions S of the pixel electrode 9
included in first and second display regions D1 and D2 are not
divided by the frame portion and are formed across the first
and second display regions D1 and D2. Similarly, opening
portions S of the pixel electrode 9 included in third and fourth
display regions D3 and D4 are not divided by the frame
portion and are formed across the third and fourth display
regions D3 and D4. Other configurations are the same as
those of the liquid crystal display device 100 shown in FIG. 2.
[0072] FIG. 7B is a plan view illustrating a second modifi-
cation of one of the pixel electrodes 9. In the liquid crystal
display device 100 in FIG. 2, the bent portions of the first bent
electrodes 48 and the bent portions of the second bent elec-
trodes 49 are arranged away from the second axis AX2. How-
ever, in a liquid crystal display device of the second modifi-
cation, bent portions of first bent electrodes 48 and bent
portions of second bent electrodes 49 are arranged so as to be
close to a second axis AX2.

[0073] Inthe liquid crystal display device of this modifica-
tion, in each of the pixel electrodes 9, a display region which
is located away from a corresponding one of data lines 6a and
which is located away from a corresponding one of scanning
lines 3a is referred to as a first display region D1, a display
region which is located adjacent to the first display region D1
with a first axis AX1 interposed therebetween is referred to as
asecond display region D2, a display region which is located
adjacent to the second display region D2 with the second axis
AX2 interposed therebetween is referred to as a third display
region D3, and a display region which is located adjacent to
the third display region D3 with the first axis AX1 interposed
therebetween is referred to as a fourth display region D4. Slit
electrodes 9c included in the first display region D1 are
referred to as first slit electrodes 41, slit electrodes 9c¢
included in the second display region D2 are referred to as
second slit electrodes 42, slit electrodes 9¢ included in the
third display region D3 are referred to as third slit electrodes
43, and slit electrodes 9¢ included in the fourth display region
D4 are referred to as fourth slit electrodes 44.

[0074] An axis of a direction in which the first slit elec-
trodes 41 extend makes an acute angle with the second axis
AX2 in a clockwise direction with respect to the second axis
AX2, an axis of a direction in which the second slit electrodes
42 extend makes an acute angle with the second axis AX2 in
a counterclockwise direction with respect to the second axis
AX2, an axis of a direction in which the third slit electrodes 43
extend makes an acute angle with the second axis AX2 in the
clockwise direction with respect to the second axis AX2, and
an axis of a direction in which the fourth slit electrodes 44
extend makes an acute angle with the second axis AX2 in the
counterclockwise direction with respect to the second axis
AX2. Therefore, each of the first slit electrodes 41 extends so
that the farther a portion of the first slit electrode 41 of interest
becomes relative to a corresponding one of the data lines 6a,
the farther the portion of the first slit electrode 41 of interest
becomes relative to a corresponding one ofthe scanning lines
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3a. Each of the second slit electrodes 42 extends so that the
farther a portion of the second slit electrodes 42 of interest
becomes relative to the corresponding one of the data lines 6a,
the closer the portion of the second slit electrodes 42 of
interest becomes relative to the corresponding one of the
scanning lines 3a. Each of the third slit electrodes 43 extends
so that the farther a portion of the third slit electrodes 43 of
interest becomes relative to the corresponding one of the data
lines 6a, the farther the portion of the third slit electrodes 43
of interest becomes relative to a corresponding one of the
scanning lines 3a. Similarly, each of the fourth slit electrodes
44 extends so that the farther a portion of the fourth slit
electrodes 44 of interest becomes relative to the correspond-
ing one of the data lines 6a, the closer the portion of the fourth
slit electrodes 44 of interest becomes relative to the corre-
sponding one of the scanning lines 3a. Other configurations
are the same as those of the liquid crystal display device 100
shown in FIG. 2.

[0075] FIG. 7C is a plan view illustrating a third modifica-
tion of one of the pixel electrodes 9. In the liquid crystal
display device of FIG. 7B, the opening portions S of the pixel
electrode 9 are divided by a frame portion 9a on the first axis
AX1. However, in the third modification, the pixel electrode
9 does not include a frame portion on a first axis AX1. There-
fore, opening portions S of the pixel electrode 9 included in
first and second display regions D1 and D2 are not divided by
the frame portion and are formed across the first and second
display regions D1 and D2. Similarly, opening portions S of
the pixel electrode 9 included in third and fourth display
regions D3 and D4 are not divided by the frame portion and
are formed across the third and fourth display regions D3 and
D4. Other configurations are the same as those of the liquid
crystal display device of in FIG. 7B.

[0076] FIG. 7D is a plan view illustrating a forth modifica-
tion of one of the pixel electrode 9. In the liquid crystal
display device 100 shown in FIG. 2, the transmission axis 153
of the second polarizing plate 24 and the rubbing direction
151 are set in parallel to the Y direction and the slit electrodes
41,42,43, and 44 are arranged so as to make acute angles with
the second axis AX2 which is parallel to the Y direction. On
the other hand, in a liquid crystal display device of this modi-
fication, a transmission axis 153 of a second polarizing plate
24 and a rubbing direction 151 are set in parallel to the X
direction and slit electrodes 41, 42, 43, and 44 are arranged so
as to make acute angles with a second axis AX2 which is
parallel to the Y direction. In FIG. 7D, an angle 0, denotes a
displacement of the rubbing direction 151 relative to a direc-
tion which is parallel to the transmission axis 153, the dis-
placement being generated due to a manufacturing error. The
rubbing direction 151 is preferably parallel to a transmission
axis of the transmission axis 153.

[0077] In this modification, a single sub-pixel region is
divided into four display regions D1 to D4 by the first axis
AX1 which passes through the center of the pixel electrode 9
and which is parallel to the Y direction and the second axis
AX2 which passes through the center of the pixel electrode 9
and which is parallel to the X direction. In each of the display
regions, a plurality of slit electrodes 9¢ are arranged in par-
allel in the Y direction with uniform intervals interposed
therebetween. Directions in which groups of the slit elec-
trodes 9c¢ extend in the display regions adjacent to each other
in the Y direction with the second axis AX2 interposed ther-
ebetween are different from each other, and similarly, direc-
tions in which groups of the slit electrodes 9¢ extend in the
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display regions adjacent to each other in the X direction with
the first axis AX1 interposed therebetween are different from
each other.

[0078] Inthe liquid crystal display device of this modifica-
tion, in each of the pixel electrodes 9, among the four display
regions, a display region which is located away from a cor-
responding one of data lines 6a and which is located away
from a corresponding one of scanning lines 3a is referred to as
a first display region D1, a display region which is located
adjacent to the first display region D1 with a first axis AX1
interposed therebetween is referred to as a second display
region D2, a display region which is located adjacent to the
second display region D2 with the second axis AX2 inter-
posed therebetween is referred to as a third display region D3,
and a display region which is located adjacent to the third
display region D3 with the first axis AX1 interposed therebe-
tween is referred to as a fourth display region D4. Slit elec-
trodes 9¢ included in the first display region D1 are referred to
as first slit electrodes 41, slit electrodes 9¢ included in the
second display region D2 are referred to as second slit elec-
trodes 42, slit electrodes 9¢ included in the third display
region D3 are referred to as third slit electrodes 43, and slit
electrodes 9¢ included in the fourth display region D4 are
referred to as fourth slit electrodes 44.

[0079] An axis of a direction in which the first slit elec-
trodes 41 extend makes an acute angle with the second axis
AX2 in a clockwise direction with respect to the second axis
AX2, an axis of a direction in which the second slit electrodes
42 extend makes an acute angle with the second axis AX2 in
a counterclockwise direction with respect to the second axis
AX2, an axis of a direction in which the third slit electrodes 43
extend makes an acute angle with the second axis AX2 in the
clockwise direction with respect to the second axis AX2, and
an axis of a direction in which the fourth slit electrodes 44
extend makes an acute angle with the second axis AX2 in the
counterclockwise direction with respect to the second axis
AX2. Therefore, each of the first slit electrodes 41 extends so
that the farther a portion of the first slit electrode 41 of interest
becomes relative to a corresponding one of the data lines 6a,
the closer the portion of the first slit electrode 41 of interest
becomes relative to a corresponding one of the scanning lines
3a. Each of the second slit electrodes 42 extends so that the
farther a portion of the second slit electrodes 42 of interest
becomes relative to the corresponding one of the datalines 6a,
the farther the portion of the second slit electrodes 42 of
interest becomes relative to the corresponding one of the
scanning lines 3a. Each of the third slit electrodes 43 extends
so that the farther a portion of the third slit electrodes 43 of
interest becomes relative to the corresponding one of the data
lines 64, the closer the portion of the third slit electrodes 43 of
interest becomes relative to a corresponding one of the scan-
ning lines 3a. Similarly, each of the fourth slit electrodes 44
extends so that the farther a portion of the fourth slit elec-
trodes 44 of interest becomes relative to the corresponding
oneofthe data lines 6a, the farther the portion ofthe fourth slit
electrodes 44 of interest becomes to the corresponding one of
the scanning lines 3a.

[0080] The number of the first slit electrodes 41 is equal to
the number of the second slit electrodes 42, and the first axis
AX1 is interposed between a group of the first slit electrodes
41 and a group of the second slit electrodes 42. The first slit
electrodes 41 and the second slit electrodes 42 are connected
to the frame portion 9« arranged on the first axis AX1. The
first slit electrodes 41 are arranged so as to correspond to the
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second slit electrodes 42, and the first slit electrodes 41 and
the corresponding second slit electrodes 42 are symmetrically
arranged with respect to the first axis AX1. The first slit
electrodes 41 are connected to the corresponding second slit
electrodes 42 on the first axis AX1, and the first slit electrodes
41 and the corresponding second slit electrodes 42 constitute
first bent electrodes 48 each of which includes a bent portion
on the first axis AX1 and each of which has a substantially
V-shape in plan view. The first bent electrodes 48 are arranged
in one of half regions of a single sub-pixel region, which is
obtained by dividing the sub-pixel region into two with
respect to the second axis AX2 and which is one of obtained
halfregions away from the corresponding one of the scanning
lines 3a. Each of the first bent electrodes 48 has a shape in
which half portions thereof are symmetric with each other
with respect to the first axis AX1. The first bent electrodes 48
are arranged in parallel in the Y direction with uniform inter-
vals interposed therebetween.

[0081] Thenumber of the third slit electrodes 43 is equal to
the number of the fourth slit electrodes 44, and the third slit
electrodes 43 and the fourth slit electrodes 44 are arranged so
that the first axis AX1 is interposed between a group of the
third slit electrodes 43 and a group of the fourth slit electrodes
44. The third slit electrodes 43 and the fourth slitelectrodes 44
are connected to the frame portion 9a arranged on the first
axis AX1. The third slit electrodes 43 and the corresponding
fourth slit electrodes 44 are symmetrically arranged with
respect to the first axis AX1. The third slit electrodes 43 are
connected to the corresponding fourth slit electrodes 44 on
the first axis AX1, and the third slit electrodes 43 and the
corresponding fourth slit electrodes 44 constitute second bent
electrodes 49 each of which includes a bent portion on the first
axis AX1 and each of which has a substantially V-shape in
plan view. The second bent electrodes 49 are arranged in one
of half regions of the sub-pixel region, which is obtained by
dividing the sub-pixel region into two with respect to the
second axis AX2 and which is one of obtained half regions
near the corresponding one of the scanning lines 3a. Each of
the first bent electrodes 48 has a shape in which half portions
thereof are symmetric with each other with respect to the first
axis AX1. The second bent electrodes 49 are arranged in
parallel in the Y direction with uniform intervals interposed
therebetween.

[0082] Thenumber of the first bent electrodes 48 is equal to
the number of the second bent electrodes 49, and the first bent
electrodes 48 and the second bent electrodes 49 are arranged
so that the second axis AX2 is interposed between a group of
the first bent electrodes 48 and a group of the second bent
electrodes 49. The first bent electrodes 48 are arranged so as
to correspond to the second bent electrodes 49. The first bent
electrodes 48 and the corresponding second bent electrodes
49 are symmetrically arranged with respect to the second axis
AX2, except for a pair of one of the first bent electrodes 48
and one of the second bent electrodes 49 which is arranged in
an outermost portion of the pixel electrode 9. The first bent
electrodes 48 have the substantially V-shapes in a plan view
so that the bent portions thereof are positioned away from the
corresponding one of the scanning lines 3a. The second bent
electrodes 49 have the substantially V-shapes in a plan view,
which are reversed V-shapes with respect to the shapes of the
first bent electrodes 48, so that the bent portions thereof are
positioned closer to the corresponding one of the scanning
lines 3a. Accordingly, the first bent electrodes 48 and the
second bent electrodes 49 are arranged so that the bent por-
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tions of the first bent electrodes 48 and the bent portions of the
second bent electrodes 49 are positioned away from the sec-
ond axis AX2.

[0083] FIG. 7E is a plan view illustrating a fifth modifica-
tion of one of the pixel electrodes 9. In the liquid crystal
display device in FIG. 7D, the opening portions S of the pixel
electrode 9 are divided by the frame portion 9« on the first axis
AX1. However, in the fifth modification, the pixel electrode 9
does not include a frame portion on a first axis AX1. There-
fore, opening portions S of the pixel electrode 9 included in
first and second display regions D1 and D2 are not divided by
the frame portion and are formed across the first and second
display regions D1 and D2. Similarly, opening portions S of
the pixel electrode 9 included in third and fourth display
regions D3 and D4 are not divided by the frame portion and
are formed across the third and fourth display regions D3 and
D4. Other configurations are the same as those of the liquid
crystal display device shown in FI1G. 7D.

Electronic Apparatuses

[0084] FIG. 8 is a perspective view illustrating a cellular
phone 1300 which is an example of an electronic apparatus
according to an embodiment of the invention. The cellular
phone 1300 includes the liquid crystal display device accord-
ing to the embodiment of the invention used as a small display
unit 1301, and further includes a plurality of operation but-
tons 1302, an ear piece 1303, and a mouthpiece 1304. Since
the cellular phone 1300 includes the liquid crystal display
device of the embodiment described above, deterioration of
display generated due to displacement between an optical
axis of a polarizing plate and an alignment controlling direc-
tion of an alignment film is prevented. Accordingly, the cel-
lular phone 1300 displays a high-quality image.

[0085] Note that the liquid crystal display device of the
foregoing embodiment may be applicable to as an image
display unit for an electronic book, a personal computer, a
digital still camera, a liquid crystal television set, a video-tape
recorder employing a viewfinder or a monitor directly viewed
by a user, a car navigation device, a pager, a electronic note-
book, a calculator, a word processor, a workstation, a televi-
sion telephone, a POS terminal, or a device employing a touch
panel. In any of the electronic apparatuses, a wide view angle
and a narrow view angle are effectively switched from one to
another, and accordingly, a high-quality image can be dis-
played.

[0086] Theentire disclosure of Japanese Patent Application
No. 2008-82821, filed Mar. 27, 2008 is expressly incorpo-
rated by reference herein.
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What is claimed is:

1. A liquid crystal display device including a pair of sub-
strates which face each other, a liquid crystal layer interposed
between the substrates, and a plurality of sub-pixel regions,

wherein one of the substrates includes first electrodes

arranged on a liquid crystal display side in the sub-pixel
regions, second electrodes arranged on the first elec-
trodes through insulation films so as to face the first
electrodes, and a first alignment film arranged on a sur-
face of the substrate which contacts the liquid crystal
layer,

the other of the substrates includes a polarizing plate

arranged on a surface far from the liquid crystal layer,
and a second alignment film arranged on a surface of the
substrate which contacts the liquid crystal layer,

each of the sub-pixel regions is divided into first to fourth

display regions by a first axis which extends orthogonal
to an optical axis of the polarizing plate and a second
axis which extends orthogonal to the first axis,

each of the first to fourth display regions includes a plural-

ity of slit electrodes arranged on the second electrodes
along the first axis,

among the plurality of slit electrodes, first slit electrodes

included in the first display region and second slit elec-
trodes included in the second display region are sym-
metrically arranged with respect to the first axis, and
third slit electrodes included in the third display region
and fourth slit electrodes included in the fourth display
region are symmetrically arranged with respect to the
first axis, and

the first slit electrodes and the fourth slit electrodes are

symumetrically arranged with respect to the second axis,
and the second slit electrodes and the third slit electrodes
are symmetrically arranged with respect to the second
axis.

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

wherein the plurality of slit electrodes are arranged with

uniform intervals.
3. The liquid crystal display device according to claim 1,
wherein the slit electrodes is configured by forming open-
ing portions having slit shapes on the second electrodes,

opening portions of the first slit electrodes and the opering
portions of the second slit electrodes are connected to
each other, and

opening portions of the third slit electrodes and the opening

portions of the fourth slit electrodes are connected to
each other.

4. An electronic apparatus comprising the liquid crystal
display device set forth in claim 1.

* ok ok k¥
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