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7) ABSTRACT

There is provided a liquid crystal display device of high
image quality, which has high brightness and excellent view-
ing angle characteristics.

A liquid crystal display device of the present invention
includes a pair of polarizing plates, a first electrode, a second
electrode provided so as to oppose the first electrode, and a
liquid crystal layer interposed between the first electrode and
the second electrode. Each of a plurality of pixels includes a
first region and a second region which are separated by a line
parallel to or perpendicular to the directions of the transmis-
sion axes of the pair of polarizing plates. The first electrode
includes, in each of the first region and the second region, a
plurality of first branch portions extending in a first direction
and a plurality of second branch portions extending in a
second direction that is different from the first direction. Each
of the plurality of first branch portions in the first region has
a first width. Each of the plurality of first branch portions in
the second region has a second width that is different from the
first width.

18 Claims, 11 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of International
Application No. PCT/IP2008/003975 filed 25 Dec. 2008,
which designated the U.S. and claims priority to JP Applica-
tion No. 2008-024200 filed 4 Feb. 2008, the entire contents of
each of which are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device and specifically to a liquid crystal display device
which has a plurality of divisional alignment regions in a
pixel.

BACKGROUND ART

As of now, liquid crystal display devices under develop-
ment which have wide viewing angle characteristics includes
liquid crystal display devices utilizing the IRS (In-Plane-
Switching) mode which is a transverse electric field mode or
the FFS (Fringe Field Switching) mode, and liquid crystal
display devices utilizing the VA (Vertical Alignment) mode.
The VA mode is better for mass production than the transverse
electric field mode and is therefore used in a wide range of TV
applications and mobile applications.

The VA mode liquid crystal display devices are generally
classified into MVA (Muitidomain Vertical Alignment) mode
liquid crystal display devices, in which one pixel includes a
plurality of domains of different liquid crystal alignment
directions, and CPA (Continuous Pinwheel Alignment) mode
liquid crystal display devices in which the liquid crystal align-
ment direction continuously varies around a rivet or the like
formed on an electrode at the center of a pixel.

In the MVA mode liquid crystal display devices, the align-
ment control means which extend in two mutually-orthogo-
nal directions are provided to form four liquid crystal
domains in one pixel, in which the azimuthal angles of the
directors representing the liquid crystal domains are 45° rela-
tive to the polarization axes (transmission axes) of a pair of
polarizing plates in a crossed nicols arrangement. Assuming
that the direction of the polarization axis of one of the polar-
izing plates is azimuthal angle 0° and that the counterclock-
wise direction is the positive direction, the azimuthal angles
of the directors of the four liquid crystal domains are 45°,
135°, 225°, and 315°. Such a structure which includes four
domains in one pixel is referred to as “four-division align-
ment structure” or simply “4D structure”. When, in each of
the four domains, the alignment direction and the polarization
axis of the polarizing plate form an angle 0f45°, the change in
retardation in a liquid crystal region can be utilized most
efficiently.

The MVA mode liquid crystal display devices are not suit-
able to small pixels (for example, the shorter side is less than
100 pum, particularly less than 60 um). For example, when slits
(or ribs) are used as the alignment control means, the width of
the slits need to be about 10 um or more in order to obtain a
sufficient alignment control force. If the slit width is narrower
than this, sufficient alignment control force cannot be
obtained. To form four domains, it is necessary to form, in a
counter electrode, slits (“<”-shaped slit) extending in direc-
tions different by 90° from each other when seenina direction
normal to the substrate and to form, in a pixel electrode, slits
which are separated by a certain space from the counter
electrode slits and which extend parallel to the counter elec-
trode slits. Specifically, both the counter electrode and the
pixel electrode in one pixel need to have a plurality of slits
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extending in the direction of 45°-225° and the direction of
135°-315° and having the width of about 10 um.

However, when the above-described slits are applied to a
pixel whose shorter side is less than 100 pm., the ratio of the
area of the slits to the pixel area increases, and accordingly,
part of the pixel area which fails to contribute to display
increases, so that the transmittance (brightness) significantly
decreases. In the case of a small-size liquid crystal display
device of finer definition, e.g., 2.4-inch VGA foruse in mobile
phones, the pixel pitch (row directionxvertical direction) is,
for example, 25.5 pmx76.5 pm. In such a small pixel, the
above-described slits cannot be formed.

In the CPA mode liquid crystal display devices, a rivet is
formed of a resin or the like in the counter electrode at the
pixel center, such that the rivet and a diagonal electric field
produced at an edge of the pixel electrode serve to regulate the
alignment of the liquid crystal. Provided in the respective
gaps between the two polarizing plates and the liquid crystal
layer are Ya-wave plates (quarter wave plates). By utilizing
omniazimuthal, radial slope alignment domains and circular
polarization, high transmittance (brightness) can be achieved.

The CPA mode which utilizes the V4-wave plates achieves
high transmittance but disadvantageously provides a low con-
trast ratio and a narrow viewing angle as compared with the
MVA mode. Specifically, when the Y4-wave plates are used,
the display (especially, the display at lower gray levels (lower
brightness)) appears brighter, i.e., so-called “whitish dots”
are conspicuous, when observed in a diagonal viewing angle
than when observed in front of the display surface (when
observed in a direction normal to the display surface (viewing
angle 0°)).

To solve the above problems of the liquid crystal display
device in the MVA mode and the CPA mode, liquid crystal
display devices as disclosed in Patent Document 1, Patent
Document 2, and Patent Document 3 have been proposed. In
the liquid crystal display devices of these patent documents,
the four-division alignment structure is realized by forming in
the pixel electrodes a large number of narrow slits extending
in the direction of 45°-225° and in the direction of 135°-315°
(referred to as “fishbone pixel electrode”) such that the liquid
crystal is aligned parallel to the slits. In liquid crystal display
devices which use such fishbone pixel electrodes, large slits
or rivets are not formed in pixels, and linearly-polarized light
is used without using Y4-wave plates. Therefore, display can
be realized with high transmittance, high contrast ratio, and
wide viewing angle.

Note that the liquid crystal display devices of these patent
documents include alignment sustaining layers on surfaces of
the upper and lower substrates on the liquid crystal layer side
for making the liquid crystal have an appropriate pretilt angle
during absence of voltage application to the liquid crystal.
These alignment sustaining layers are formed by polymeriz-
ing monomers contained in the liquid crystal layer during
application of a voltage to the liquid crystal.

[Patent Document 1] Japanese Laid-Open Patent Publication

No. 2003-255305
[Patent Document 2] Japanese Laid-Open Patent Publication

No. 2003-149647
[Patent Document 3] Japanese Laid-Open Patent Publication

No. 2006-330638

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

The pixel electrodes of the liquid crystal display devices
described in the aforementioned patent documents have a
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plurality of linear electrode portions (also referred to as
“branch portions” or “line portions”) extending in the direc-
tion of 45°-225° and the direction of 135°-315°. Abnormal
alignment of the liquid crystal, or such a phenomenon that the
liquid crystal alignment direction becomes unstable, can
occur depending on the shape or size of the linear electrode
portions or the shape or size of the plurality of slits extending
parallel to the linear electrode portions (also referred to as
“linear space portions™), resulting in the problems of varia-
tion in transmittance across the display surface, display
unevenness, and abnormal gray scale.

The conventional liquid crystal display device which has
linear electrode portions has another problem which will be
described below.

FIG. 13 is a plan view schematically showing a structure of
one pixel in a liquid crystal display device described in Patent
Document 1. F1G. 14 shows the electric field distribution in a
cross section of the pixel shown in FIG. 13 taken along line
B-B'. FIG. 15 shows the brightness distribution in the pixel
shown in FIG. 13. FIG. 16 shows the alignment of the liquid
crystal in the pixel shown in FIG. 13.

As shown in FIG. 13, apixel 210 of a liquid crystal display
device 200 of Patent Document 1 is enclosed by scanning
lines 22 and signal lines 23. Near an intersection of the scan-
ning line 22 and the signal line 23, a TFT (Thin Film Tran-
sistor) 35 for switching the pixel 210 is provided. In the
central area of the pixel 210, an auxiliary capacitance line 24
is provided extending parallel to the scanning lines 22.

The pixel electrode 230 provided in the pixel 210 includes
a plurality of line portions of two different widths (wider line
portions 230a and narrower line portions 2305) extending in
the 45°-225° direction and the 135°-315° direction. In the
pixel 210, the line portions in the right upper region 210a (the
right half of the area lying above the auxiliary capacitance
line 24) and the left lower region 210¢ (the left half of the area
lying below the auxiliary capacitance line 24) are all extend-
ing in the 45°-225° direction. The line portions in the left
upper region 2105 (the left half of the area lying above the
auxiliary capacitance line 24) and the right lower region 2104
(the right half of the area lying below the auxiliary capaci-
tance line 24) are all extending in the 135°-315° direction. In
each of the regions, the plurality of line portions 230a are
interposed between the plurality of line portions 2304. There-
fore, each of these four regions 210a, 2105, 210¢, and 2104
includes two boundaries between the wider line portions
230a and the narrower line portions 2305.

The inventor of the present application conducted
researches and found that, as shown in F1G. 14, in the vicinity
of the boundaries between the region A in which the wider
line portions 230a are provided and the region B in which the
narrower line portions 2304 are provided, an equipotential
surface which is produced by application of a voltage across
the liquid crystal layer becomes unstable. If there are many
such boundaries, the brightness distribution during the white
display has large dark portions in the vicinity of the bound-
aries as shown in FIG. 15 (encircled portions in the drawing).
This may be because the alignment direction of the liquid
crystal deviates from a desired orientation (an orientation
parallel to the direction in which the line portions extend) due
to the unstableness of the equipotential surface near the
boundaries as illustrated in FIG. 16.

The present invention was conceived with the view of
solving the above problems. One of the objects of the present
invention is to provide a liquid crystal display device of high
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display quality, which has high transmittance and which is
excellent in grayscale and viewing angle characteristics.

Means for Solving the Problems

A liquid crystal display device of the present invention is a
vertical alignment type liquid crystal display device which
has a plurality of pixels, including: a pair of polarizing plates
which have transmission axes orthogonal to each other; a first
electrode; a second electrode provided so as to oppose the first
electrode; and a liquid crystal layer interposed between the
first electrode and the second electrode, wherein each of the
plurality of pixels includes a first region and a second region
which are separated by a line parallel to or perpendicular to
the directions of the transmission axes of the pair of polariz-
ing plates, the first electrode includes, in each of the first
region and the second region, a plurality of first branch por-
tions extending in a first direction and a plurality of second
branch portions extending in a second direction that is differ-
ent from the first direction; each of the plurality of first branch
portions in the first region has a first width, and each of the
plurality of first branch portions in the second region has a
second width that is different from the first width.

In one embodiment, each of the plurality of second branch
portions in the first region has the first width, and each of the
plurality of second branch portions in the second region has
the second width.

In one embodiment, any adjacent two of the plurality of
first branch portions in the first region are separated by a first
space, and any adjacent two of the plurality of first branch
portions in the second region are separated by a second space
that is different from the first space.

In one embodiment, any adjacent two of the plurality of
second branch portions in the first region are separated by the
first space, and any adjacent two of the plurality of second
branch portions in the second region are separated by the
second space.

In one embodiment, the first region and the second region
respectively correspond to one region and the other region of
a pixel which are separated by a gate bus line or CS line.

In one embodiment, the first region and the second region
respectively correspond to one region and the other region of
a pixel which are separated by a line parallel to a source bus
line.

In one embodiment, the first direction and the second direc-
tion are orthogonal to each other, and directions of the trans-
mission axes of the pair of polarizing plates and the first
direction are different by 45°, 135°,225°, or 315°.

In one embodiment, when a voltage is applied across the
liquid crystal layer, four liquid crystal domains among which
an alignment direction of liquid crystal molecules is different
are formed in each of the first region and the second region.

In one embodiment, each of the plurality of pixels includes
a third region separated from the first region or the second
region by a line parallel to or perpendicular to the directions
the transmission axes of the pair of polarizing plates, the first
electrode includes the plurality of first branch portions and
the plurality of second branch portions in the third region, and
each of the plurality of first branch portions and the plurality
of second branch portions in the third region has a third width
that is different from the first width or the second width.

In one embodiment, when a voltage is not applied across
the liquid crystal layer, a tilt angle of liquid crystal molecules
in the first region is different from atilt angle of liquid crystal
molecules in the second region.

Another liquid crystal display device of the present inven-
tion is a vertical alignment type liquid crystal display device
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which has a plurality of pixels, including: a pair of polarizing
plates which have transmission axes orthogonal to each other;
a first electrode; a second electrode provided so as to oppose
the first electrode; and a liquid crystal layer interposed
between the first electrode and the second electrode, wherein
each of the plurality of pixels includes a first region and a
second region which are separated by a line parallel to or
perpendicular to the directions of the transmission axes of the
pair of polarizing plates, the first electrode includes, in each of
the first region and the second region, a plurality of first
branch portions extending in a first direction and a plurality of
second branch portions extending in a second direction that is
different from the first direction; any adjacent two of the
plurality of first branch portions in the first region are sepa-
rated by a first space, and any adjacent two of the plurality of
first branch portions in the second region are separated by a
second space that is different from the first space.

In one embodiment, any adjacent two of the plurality of
second branch portions in the first region are separated by the
first space, and any adjacent two of the plurality of second
branch portions in the second region are separated by the
second space.

In one embodiment, each ofthe plurality of pixels includes
a third region separated from the first region or the second
region by a line parallel to or perpendicular to the directions
of the transmission axes of the pair of polarizing plates, the
first electrode includes the plurality of first branch portions
and the plurality of second branch portions in the third region,
and any adjacent two of the plurality of first branch portions
in the third region and any adjacent two of the plurality of
second branch portions in the third region are separated by a
third space that is different from the first space or the second
space.

In one embodiment, when a voltage is not applied across
the liquid crystal layer, a tilt angle of liquid crystal molecules
in the first region is different from a tilt angle of liquid crystal
molecules in the second region.

Still another liquid crystal display device of the present
invention is a vertical alignment type liquid crystal display
device which has a plurality of pixels, including: a pair of
polarizing plates which have transmission axes orthogonal to
each other; a first electrode; a second electrode provided so as
to oppose the first electrode; and a liquid crystal layer inter-
posed between the first electrode and the second electrode,
wherein each of the plurality of pixels includes a plurality of
regions which are separated from each other by a line parallel
to or perpendicular to the directions of the transmission axes
of the pair of polarizing plates, the first electrode includes, in
each of the plurality of regions, a plurality of first branch
portions extending in a first direction and a plurality of second
branch portions extending in a second direction that is differ-
ent from the first direction; each of the plurality of first branch
portions in one of the plurality of regions has a first width, and
each of the plurality of first branch portions in another one of
the plurality of regions has a second width that is different
from the first width.

In one embodiment, each of the plurality of second branch
portions in one of the plurality of regions has the first width,
and each of the plurality of second branch portions in the
another one of the plurality of regions has the second width.

Still another liquid crystal display device of the present
invention is a vertical alignment type liquid crystal display
device which has a plurality of pixels, including: a pair of
polarizing plates which have transmission axes orthogonal to
each other; a first electrode; a second electrode provided so as
to oppose the first electrode; and a liquid crystal layer inter-
posed between the first electrode and the second electrode,
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wherein each of the plurality of pixels includes a plurality of
regions which are separated from each other by a line parallel
to or perpendicular to the directions of the transmission axes
of the pair of polarizing plates, the first electrode includes, in
each of the plurality of regions, a plurality of first branch
portions extending in a first direction and a plurality of second
branch portions extending in a second direction that is differ-
ent from the first direction; any adjacent two of the plurality of
first branch portions in one of the plurality of regions are
separated by a first space, and any adjacent two of the plural-
ity of first branch portions in the another one of the plurality
of regions are separated by a second space that is different
from the first space.

In one embodiment, any adjacent two of the plurality of
second branch portions in one of the plurality of regions are
separated by the first space, and any adjacent two of the
plurality of second branch portions in the another one of the
plurality of regions are separated by the second space.

Effects of the Invention

A liquid crystal display device of the present invention has
a plurality of regions among which the width or space of the
branch portions of a fishbone type electrode is different, the
plurality of regions being separated by a boundary line par-
allel to or perpendicular to the directions of the transmission
axes of the polarizing plates, such that branch portions of
different widths are not adjacently positioned in a liquid
crystal domain. Thus, the liquid crystal display device of the
present invention is capable of high quality display, in which
the brightness is high and the grayscale or viewing angle
characteristics are excellent.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A plan view schematically showing a structure of
one pixel in a liquid crystal display device of embodiment 1 of
the present invention.

FIG. 2 A schematic cross-sectional view of the liquid crys-
tal display device of embodiment 1 taken along line A-A' of
FIG. 1.

FIG. 3 A plan view schematically showing a shape of a
pixel electrode of the liquid crystal display device of embodi-
ment 1.

FIG. 4 A graph illustrating the VT characteristic of a pixel
of the liquid crystal display device of embodiment 1.

FIG. 5 A graph for illustrating the viewing angle charac-
teristics of a pixel of the liquid crystal display device of
embodiment 1.

FIG. 6. An image showing a state of white display in pixels
of the liquid crystal display device of embodiment 1.

FIG. 7 A plan view schematically showing a structure of
one pixel in aliquid crystal display device of embodiment 2 of
the present invention.

FIG. 8 A graph illustrating the VT characteristic of a pixel
of the liquid crystal display device of embodiment 2.

FIG. 9 A graph for illustrating the viewing angle charac-
teristics of a pixel of the liquid crystal display device of
embodiment 2.

FIG. 10 A plan view schematically showing a structure of
one pixel in a liquid crystal display device of embodiment 3 of
the present invention.

FIG. 11 A graph illustrating the VT characteristic of a pixel
of the liquid crystal display device of embodiment 3.

FIG. 12 A graph for illustrating the viewing angle charac-
teristics of a pixel of the liquid crystal display device of
embodiment 3.
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FIG. 13 A plan view schematically showing a structure of
one pixel in a liquid crystal display device described in Patent
Document 1.

FIG. 14 A diagram showing the electric field distribution in
a cross section of the pixel shown in FIG. 13 taken along line
B-B'.

FIG. 15 An image showing the brightness distribution in
the pixel shown in FIG. 13.

FIG. 16 A diagram showing the alignment of the liquid
crystal in the pixel shown in FIG. 13.

DESCRIPTION OF THE REFERENCE
NUMERALS

10 pixel

20 TFT substrate

21 glass substrate

22 scanning line

23 signal line

24 auxiliary capacitance line

25 insulation layer

26 alignment film

30 pixel electrode

30a, 304', 305, 304" trunk portion
30¢, 30¢', 30d, 304" branch portion
31, 31" first region

32, 32" second region

35 TFT

36 auxiliary capacitance electrode
37 boundary line

40 counter substrate

41 transparent substrate

42 CF layer

43 common electrode

44 alignment film

50 Tiquid crystal layer

604, 605 polarizing plate

70 pixel electrode

704, 704', 70a", 705, 704', 705" trunk portion
70c, 70, 70", 70d, 704", 704" branch portion
71 first region

72 second region

73 third region

77a, 776 boundary line

100, 101, 102 liquid crystal display device

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the structures of liquid crystal display devices
of embodiments of the present invention are described with
reference to the drawings, although the present invention is
not limited to the embodiments described below.

Embodiment 1

FIG. 1 is a plan view schematically showing a structure of
onepixel in aliquid crystal display device 100 of embodiment
1 of the present invention. FIG. 2 is a schematic cross-sec-
tional view of the liquid crystal display device 100 taken
along line A-A' of FIG. 1.

Theliquid crystal display device 100 is a vertical alignment
type liquid crystal display device which includes a plurality of
pixels 10 having the structure shown in FIG. 1 and which
performs display in a normally-black mode using the pixels
10 arranged in a matrix. The liquid crystal display device 100
further includes, as shown in F1G. 2, a TFT substrate 20 which
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is an active matrix substrate, a counter substrate 40 whichis a
color filter substrate, and a liquid crystal layer 50 disposed
between these substrates. The liquid crystal layer 50 includes
nematic liquid crystal which has negative dielectric constant
anisotropy (AE<0).

The outer side of the TFT substrate 20 (opposite to the
liquid crystal layer 50) is provided with a polarizing plate
60a. The outer side of the counter substrate 40 is provided
with a polarizing plate 605. The polarizing plates 60a and 605
are in a crossed nicols arrangement such that the light trans-
mission axis of one of the polarizing plates extends in the
horizontal direction of FIG. 1, and the light transmission axis
of the other extends in the vertical direction. Note that, in the
description below, the azimuthal direction from left to right in
FIG. 1 is referred to as “azimuthal direction 0°”, relative to
which the azimuthal angles are allocated counterclockwise.

As shown in FIG. 1 and FIG. 2, the TFT substrate 20
includes a glass substrate (transparent substrate) 21, scanning
lines (gate bus lines) 22, signal lines (data bus lines) 23 and
auxiliary capacitance lines (Cs lines) 24 which are provided
on the glass substrate 21, an insulation layer 25 which is
provided over the lines, and pixel electrodes 30 and an align-
ment film 26 which are provided on the insulation layer 25.

Each of the pixels 10 is surrounded by two adjacent scan-
ning lines 22 and two adjacent signal lines 23. Each pixel 10
includes a TFT 35 for switching a display voltage for the pixel
electrode 30. The gate electrode and the source electrode of
the TFT 35 are electrically connected to the scanning line 22
and the signal line 23, respectively, and the drain electrode is
electrically connected to the pixel electrode 30. Provided
under the pixel electrode 30 at the center of the pixel 10 is an
auxiliary capacitance electrode 36 which is electrically con-
nected to the auxiliary capacitance line 24.

The counter substrate 40 includes a transparent substrate
41, a CF (color filter) layer 42 provided on the transparent
substrate 41 (on a surface of the transparent substrate on the
liquid crystal layer 50 side), a common electrode 43 provided
on the CF layer 42, and an alignment film 44 provided on the
common electrode 43.

The alignment film 26 of the TFT substrate 20 and the
alignment film 44 of the counter substrate 40 both include an
alignment layer and an alignment sustaining layer. The align-
ment layer is a vertical alignment film formed over the sub-
strate by application. The alignment sustaining layer is
formed, after the formation of liquid crystal cells, by photo-
polymerization of photopolymerizable monomers mixed in a
liquid crystal material in advance with application of a volt-
age across the liquid crystal layer 50. During the polymeriza-
tion of the monomers, a voltage is applied across the liquid
crystal layer 50 by the pixel electrode 30 and the common
electrode 43. A diagonal electric field which occurs depend-
ing on the shape of the pixel electrode 30 causes liquid crystal
molecules to align, and with the liquid crystal molecules
being in that state, the monomers are irradiated with light to
be polymerized.

Using the thus-formed alignment sustaining layer enables
liquid crystal molecules to sustain (memorize) their align-
ment (azimuthal directions of pretilt) even after removal of
the voltage (even 1n a state of no voltage application). In the
present embodiment, the alignment films 26 and 44 are con-
figured to provide the liquid crystal with a pretilt angle of 2°
throughout the entire pixel 10. The technique of forming such
an alignment film is referred to as PSA (Polymer Sustained
Alignment) technique. The details of this technique are
described in Patent Documents 2 and 3. These patent docu-
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ments are incorporated by reference in this specification. The
detailed description of the alighment sustaining layer is
herein omitted.

Note that, as shown in FIG. 1, the pixel 10 is constituted of
a first region 31 which is on the upper side of a virtual
boundary line 37 passing through the center of the auxiliary
capacitance line 24, and a second region 32 which is on the
lower side of the boundary line 37. In other words, the pixel
10 is constituted of the first region 31 and the second region
32, which are separated from each other by a line parallel to or
perpendicular to the directions of the transmission axes of the
pair of polarizing plates 60a and 605 (boundary line 37). The
first region 31 and the second region 32 can alternatively be
defined as regions separated from each other by the auxiliary
capacitance line 24. A pixel arrangement in which these
regions are separated by the scanning line 22 or the signal line
23 may be employed.

Next, the shape of a pixel electrode 30 is described with
reference to FIG. 3.

FIG. 3 is a plan view showing the shape of the pixel elec-
trode 30. As shown in FIG. 3, the pixel electrode includes
trunk portions 30a and 30a' extending in the direction of
azimuthal angle 0°-180°, trunk portions 306 and 304" extend-
ing in the direction of azimuthal angle 90°-270°, a plurality of
branch portions 30c and 30¢' (first branch portions) extending
in the direction of azimuthal angle 45°-225° (first direction),
and a plurality of branch portions 304 and 304" (second
branch portions) extending in the direction of azimuthal angle
135°-315° (second direction).

In the first region 31, the pixel electrode 30 includes the
trunk portions 30a and 305 that intersect each other at right
angles in the central area of the first region 31, and the plu-
rality of branch portions 30¢ and the plurality of branch
portions 304 that branch off from the trunk portion 30a or
305. Among divisional parts of the first region 31 separated by
the trunk portion 30a and the trunk portion 304, the right
upper part (or “domain”), the left upper part, the left lower
part, and the right lower part in the drawing are referred to as
the first domain 31a, the second domain 315, the third domain
31¢, and the fourth domain 314, respectively. In the first
domain 31a, the branch portions 30c¢ extend from the trunk
portion 30a or 304 in the 45° direction. In the second domain
315, the branch portions 304 extend from the trunk portion
30a or 305 in the 135° direction. In the third domain 31¢, the
branch portions 30c¢ extend from the trunk portion 30a or 305
in the 225° direction. In the fourth domain 314, the branch
portions 30d extend from the trunk portion 30a or 305 in the
315° direction.

Widths L1 (first widths) of the branch portions 30¢ and the
branch portions 304 are all equal. The distance between any
adjacent two of the branch portions 30c¢ in each of the first
domain 31a¢ and the third domain 31c and the distance
between any adjacent two of the branch portions 304 in each
of the second domain 315 and the fourth domain 314, dis-
tances S1, are all equal.

In the second region 32, the pixel electrode 30 includes the
trunk portions 30a' and 304" that intersect each other at right
angles in the central area of the second region 32, and the
plurality of branch portions 30¢' and the plurality of branch
portions 304" that branch off from the trunk portion 304' or
304'. Among divisional parts of the second region 32 sepa-
rated by the trunk portion 30a' and the trunk portion 304", the
right upper part, the left upper part, the left lower part, and the
right lower part in the drawing are referred to as the first
domain 32a, the second domain 324, the third domain 32c¢,
and the fourth domain 324, respectively. In the first domain
32a, the branch portions 30¢' extend from the trunk portion
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304a' or 304' in the 45° direction. In the second domain 325, the
branch portions 304 extend from the trunk portion 304" or
304" in the 135" direction. In the third domain 32c, the branch
portions 30¢' extend from the trunk portion 304" or 304' in the
225¢ direction. In the fourth domain 32d, the branch portions
304" extend from the trunk portion 304' or 305" in the 315°
direction.

All ofthe branch portions 30¢' and the branch portions 304
have equal widths (second width [.2) which are different from
width L1. The distance between any adjacent two of the
branch portions 30¢' in each of the first domain 324 and the
third domain 32¢ and the distance between any adjacent two
of the branch portions 304" in each of the second domain 325
and the fourth domain 324, distances S2, are all equal. Dis-
tance S2 is different from distance S1.

Note that width L1 and width L2 of the branch portions
each refer to a dimension of a branch portion perpendicular to
the direction in which the branch portions extend. Distances
S1 and S2 between two branch portions each refer to a dimen-
sion of a gap (slit portion) formed between adjacent two
branch portions that is perpendicular to the direction in which
the branch portions extend. Width L.2 and width 1.2 are some-
times referred to as “line width L1” and “line width .27,
respectively. Distance S1 and distance S2 are sometimes
referred to as “slit width S1”and “slit width S2”, respectively.
The values of width L1 and distance S1 are, for example, 1.5
um and 3.0 pum, respectively. The values of width .2 and
distance S2 are, for example, 2.5 pm and 2.5 pum, respectively.
Widths L1 and L2 and distances S1 and S2 are not limited to
these values, but may desirably be set to 5.0 um or less.

The pixel electrode 30 which has the above-described
shape and the alignment films 26 and 44 form a multidomain
of 4D structure in each of the first region 31 and the second
region 32. When no voltage is applied, the azimuthal direc-
tions of the pretilt of the liquid crystal molecules in the
respective domains are parallel to the branch portions 30c,
30d, 30¢, or 304" in the respective domains, depending on the
azimuthal directions memorized in the alignment films 26
and 44. When a voltage is applied, the liquid crystal mol-
ecules of the respective domains are oriented in polar angle
directions whose azimuthal directions are parallel to the
branch portions 30¢, 30d, 30¢', or 304" in the domains (the
azimuthal directions of the directors of the domains) and
which are more parallel to the substrate surface. In this case,
the azimuthal directions of the orientation are coincident with
the azimuthal directions of the pretilt, and therefore, the ori-
entation in correct azimuthal directions with an extremely
high response rate is realized.

Since the liquid crystal display device 100 of embodiment
1 has the pixel electrode 30 which has the above-described
shape, the boundary between the domain formed by the
branch portions 30¢ and 304 in the first region 31 and the
domain formed by the branch portions 30¢' and 304" in the
second region lies on the boundary line 37 (or on the auxiliary
capacitance line 24). Thus, the respective domains do not
include any region in which a wider branch portion and a
narrower branch portion be adjacently positioned.

FIG. 4 is a graph illustrating the voltage dependence of the
transmittance (VT characteristic) in the first region 31 and the
second region 32 when the display surface is viewed from a
position in front of the display surface (in the polar angle 0°
direction). In the graph, lines a and b represent the VT char-
acteristics in the first region 31 and the second region 32,
respectively.

Between the first region 31 and the second region 32, the
width of the branch portions and the space between two
branch portions are different. Accordingly, the liquid crystal
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alignment control force is also different between these two
regions. Therefore, the different VT characteristics such as
shown in FIG. 4 are obtained in the two regions. Note that the
VT characteristic across the entire display surface is equal to
the average of these two VT characteristics.

In general, the VT characteristic achieved by a pixel elec-
trode having a specific shape is different from an ideal char-
acteristic, and therefore, defects such as whitish or blackish
dots can occur in display. In the liquid crystal display device
of embodiment 1, two different VT characteristics can be
obtained in one pixel, and the VT characteristic achieved
across the entire display surface is equal to the average of the
two VT characteristics. Therefore, ideal brightness and gray-
scale characteristics can be obtained by appropriately setting
widths L1 and .2 and distances S1 and S2 depending on the
size, shape, or use of the liquid crystal display device.

FIG. 5 is a graph for illustrating the viewing angle charac-
teristics of the liquid crystal display device 100 of the present
embodiment. In FIG. 5, line m represents the relationship
between the transmittance obtained when the display surface
of the liquid crystal display device 100 which has the pixel 10
is viewed from a position in front of the display surface (front
transmittance) and the transmittance obtained when the dis-
play surface is viewed in a direction defined by azimuthal
angle 45° and polar angle 60° (diagonal transmittance). This
relationship is hereinafter simply referred to as “viewing
angle characteristic”. Specifically, line m represents the aver-
age of the viewing angle characteristics obtained in the first
region 31 and the second region 32. Line n represents the
viewing angle characteristic obtained in the first region 31 (in
which the pixel electrode does not have two different line
widths or slit widths). Note that line 1in FIG. 5 is a reference
line on which the front transmittance and the diagonal trans-
mittance are equal.

As seen from FIG. 5, by arranging pixel electrode portions
having two line widths or slits widths into two separate
regions as in the present embodiment, the difference between
the front transmittance and the diagonal transmittance
becomes small, i.e., the viewing angle characteristics
improve, as compared with a case where a pixel electrode
used has a single line width and a single slit width.

FIG. 6 is an image showing a state of white display in the
first region 31 and the second region 32. As shownin F1G. 15,
in the conventional liquid crystal display device, each of the
four domains includes two regions (one pixel includes eight
regions) in which a wider branch portion and a narrower
branch portion are adjacently positioned, so that abnormal
alignment the liquid crystal occurs. As a result, during the
white display, a relatively large dark portion occurs in the
central area of the pixel, deteriorating the transmittance and
brightness. On the other hand, in embodiment 1, the pixel
electrode 30 has the above-described shape, and therefore, the
eight domains of the pixel 10 do not include any region in
which a wider branch portion and a narrower branch portion
be adjacently positioned. Thus, according to embodiment 1,
the abnormal alignment of the liquid crystal is unlikely to
occur, and display with high brightness can be achieved in
which occurrence of a dark portion is prevented as shown in
FIG. 6.

Thus, the liquid crystal display device of embodiment 1 is
capable of high quality display with excellent grayscale char-
acteristics and viewing angle characteristics and with high
brightness. Note that the shape of the pixel electrode 30 of
embodiment 1 may be applied to the shape of the counter
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electrode in one pixel. In this case also, substantially the same
effects as those described above can be obtained.

Embodiment 2

Hereinafter, a liquid crystal display device of embodiment
2 of the present invention is described. The liquid crystal
display device of embodiment 2 has a pixel electrode of
another fishbone shape in place of the pixel electrode 30 of the
liquid crystal display device of embodiment 1, and the other
elements are the same as those of embodiment 1. Thus, only
the pixel electrode is described below.

FIG. 7 is a plan view schematically showing one of a
plurality of pixel electrodes 70 arranged in a liquid crystal
display device 101 of embodiment 2.

As shown in FIG. 7, the pixel electrode 70 includes trunk
portions 70a, 704", and 70a" extending in the direction of
azimuthal angle 0°-180°, trunk portions 705, 708', and 705"
extending in the direction of azimuthal angle 90°-270°, a
plurality of branch portions 70¢, 70¢', and 70¢" (first branch
portions) extending in the direction of azimuthal angle 45°-
225° (first direction), and a plurality of branch portions 704,
704, and 704" (second branch portions) extending in the
direction of azimuthal angle 135°-315° (second direction).

The pixel of embodiment 2 includes a first region 71, a
second region 72, and a third region 73 which are separated by
two virtual boundary lines 77« and 775 extending parallel to
the scanning line (parallel to or vertical to the directions of the
transmission axes of the pair of polarizing plates). The bound-
ary line 77a separates the first region 71 and the second region
72 from each other. The boundary line 776 separates the
second region 72 and the third region 73 from each other.

In the first region 71, the pixel electrode 70 includes the
trunk portions 70a and 705 that intersect each other at right
angles in the central area of the first region 71, and the plu-
rality of branch portions 70¢ and the plurality of branch
portions 70d that branch off from the trunk portion 70e or
705. Among divisional parts of the first region 71 separated by
the trunk portion 70a and the trunk portion 705, the right
upper part (or “domain”), the left upper part, the left lower
part, and the right lower part in the drawing are referred to as
the first domain 71a, the second domain 714, the third domain
71c, and the fourth domain 71d, respectively. In the first
domain 71a, the branch portions 70c¢ extend from the trunk
portion 70a or 705 in the 45° direction. In the second domain
71b, the branch portions 704 extend from the trunk portion
70a or 705 in the 135° direction. In the third domain 71c¢, the
branch portions 70¢ extend from the trunk portion 70a or 705
in the 225° direction. In the fourth domain 714, the branch
portions 704 extend from the trunk portion 70a or 705 in the
315° direction.

The widths of the branch portions 70c and 704 (first line
widths) are all equal. The distance between any adjacent two
of the branch portions 70¢ in each of the first domain 71a and
the third domain 71¢ and the distance between any adjacent
two of the branch portions 704 in each of the second domain
715 and the fourth domain 71d (first slit widths) are all equal.

In the second region 72, the pixel electrode includes the
trunk portions 70q' and 704’ that intersect each other at right
angles in the central area of the second region 72, and the
plurality of branch portions 70¢' and the plurality of branch
portions 704" that branch off from the trunk portion 704’ or
704" Among divisional parts of the second region 72 sepa-
rated by the trunk portion 704" and the trunk portion 705", the
right upper part, the left upper part, the left lower part, and the
right lower part in the drawing are referred to as the first
domain 72a, the second domain 724, the third domain 72c¢,
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and the fourth domain 724, respectively. In the first domain
72a, the branch portions 70¢' extend from the trunk portion
704" or 704' in the 45° direction. In the second domain 725, the
branch portions 704" extend from the trunk portion 704" or
704" in the 135° direction. In the third domain 72c, the branch
portions 70¢' extend from the trunk portion 70a' or 708’ in the
225° direction. In the fourth domain 72d, the branch portions
70d extend from the trunk portion 704' or 705" in the 315°
direction.

All of the branch portions 70¢' and the branch portions 704
have equal widths (second line width) which are different
from the first line width. The distance between any adjacent
two of the branch portions 70¢' in each of the first domain 72a
and the third domain 72¢ and the distance between any adja-
cent two of the branch portions 704" in each of the second
domain 726 and the fourth domain 724 (second slit widths)
are all equal. The second slit width is different from the first
slit width.

In the third region 73, the pixel electrode includes the trunk
portions 70a" and 705" that intersect each other at right angles
in the central area of the third region 73, and the plurality of
branch portions 70¢" and the plurality of branch portions 704"
that branch off from the trunk portion 70a" or 705". Among
divisional parts of the third region 73 separated by the trunk
portion 70e" and the trunk portion 704", the right upper part,
the left upper part, the left lower part, and the right lower part
in the drawing are referred to as the first domain 73a, the
second domain 735, the third domain 73¢, and the fourth
domain 734, respectively. In the first domain 73a, the branch
portions 70¢" extend from the trunk portion 70a" or 706" in
the 45° direction. In the second domain 735, the branch por-
tions 704" extend from the trunk portion 70a" or 705" in the
135° direction. In the third domain 73¢, the branch portions
70¢" extend from the trunk portion 70a" or 706" in the 225°
direction. In the fourth domain 73d, the branch portions 704"
extend from the trunk portion 70a" or 705" in the 315° direc-
tion.

All of the branch portions 70¢" and the branch portions
704" have equal widths (third line width) which are different
from the first line width or the second line width. The distance
between any adjacent two of the branch portions 70¢" in each
of the first domain 73a and the third domain 73¢ and the
distance between any adjacent two of the branch portions
704" in each of the second domain 735 and the fourth domain
73d (third slit widths) are all equal. The third slit width is
different from the first slit width or the second slit width.

The first line width, the second line width, and the third line
width are, for example, 1.5 um, 2.5 pm, and 2.0 pum, respec-
tively. The first slit width, the second slit width, and the third
slit width are, for example, 4.0 um, 3.5 um, and 2.5 pm,
respectively. The line widths and the slit widths are not lim-
ited to these values, but may desirably be set to 5.0 pm or less.

The pixel electrode 70 which has the above-described
shape and the alignment films form a multidomain of 4D
structure in each of the first region 71, the second region 72,
and the third region 73. When no voltage is applied, the
azimuthal directions of the pretilt of the liquid crystal mol-
ecules in the respective domains are parallel to the branch
portions in the respective domains, depending on the azi-
muthal directions memorized in the alignment films. When a
voltage is applied, the liquid crystal molecules of the respec-
tive domains are oriented in a polar angle directions whose
azimuthal directions are parallel to the branch portions in the
domains (the azimuthal directions of the directors of the
domains) and which are more parallel to the substrate surface.
In this case, the azimuthal directions of the orientation are
coincident with the azimuthal directions of the pretilt, and
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therefore, the orientation in correct azimuthal directions with
an extremely high response rate is realized.

Since the liquid crystal display device 101 of embodiment
2 has the pixel electrode 70 which has the above-described
shape, the boundary between the domain formed by the
branch portions 70¢ and 704 in the first region 71 and the
domain formed by the branch portions 70¢' and 704" in the
second region 72 lies on the boundary line 77a, and the
boundary between the domain formed by the branch portions
70¢' and 704" in the second region 72 and the domain formed
by the branch portions 70¢" and 704" in the third region 73
lies on the boundary line 775. Thus, the respective domains do
not include any region in which branch portions of different
widths be adjacently positioned.

FIG. 8 is a graph illustrating the voltage dependence of the
transmittance (VT characteristic) in the first region 71, the
second region 72, and the third region when the display sur-
face is viewed from a position in front of the display surface
(in the polar angle 0° direction). In FIG. 8, lines a, b, and ¢
represent the VT characteristics in the first region 71, the
second region 72, and the third region 73, respectively.

Among the first region 71, the second region 72, and the
third region 73, the width of the branch portions and the space
between two branch portions are different. Accordingly, the
liquid crystal alignment control force is also different among
these three regions. Therefore, the different VT characteris-
tics such as shown in FIG. 8 are obtained in the three regions.
Note that the VT characteristic across the entire display sur-
face is equal to the average of these three VT characteristics.

In the liquid crystal display device of embodiment 2, three
different VT characteristics can be obtained in one pixel, and
the VT characteristic achieved across the entire display sur-
face is equal to the average of the three VT characteristics.
Therefore, ideal brightness and grayscale characteristics can
be obtained by appropriately setting the line widths and the
slit widths in the respective regions depending on the size,
shape, or use of the liquid crystal display device.

FIG. 9 is a graph for illustrating the viewing angle charac-
teristics of the liquid crystal display device 101 of embodi-
ment 2. In FIG. 9, line m represents the viewing angle char-
acteristic of the liquid crystal display device 101 of the
present embodiment which includes the pixel electrode 70.
Specifically, line m represents the average of the viewing
angle characteristics obtained in the first region 71, the sec-
ond region 72, and the third region 73. Line n represents the
average of the viewing angle characteristics obtained in two
of the first region 71, the second region 72, and the third
region 73 (for example, the average of the viewing angle
characteristics of the first region 71 and the third region 73).
Line o represents the viewing angle characteristic obtained in
any one of the first region 71, the second region 72, and the
third region 73 (for example, the viewing angle characteristic
of the first region 71). Note that line 1 in FIG. 9 is a reference
line on which the front transmittance and the diagonal trans-
mittance are equal.

As seen from FIG. 9, the liquid crystal display device of the
present embodiment achieves more excellent viewing angle
characteristics than a liquid crystal display device in which
the pixel electrode has a single line width and a single slit
width. The liquid crystal display device of the present
embodiment also achieves more excellent viewing angle
characteristics than a liquid crystal display device in which
the pixel electrode has two line widths and two slit widths.

The domains formed in the first region 71, the second
region 72, and the third region 73 do not include any region in
which a wider branch portion and a narrower branch portion
be adjacently positioned. Thus, according to embodiment 2,



US 8,345,199 B2

15

the abnormal alignment of the liquid crystal is unlikely to
occur, and display with high brightness can be achieved in
which occurrence of a dark portion is prevented as in embodi-
ment 1.

Thus, the liquid crystal display device of embodiment 2 is
capable of high quality display with excellent grayscale char-
acteristics and viewing angle characteristics and with high
brightness. Note that the shape of the pixel electrode 70 of
embodiment 2 may be applied to the shape of the counter
electrode in one pixel. In this case also, substantially the same
effects as those described above can be obtained.

Embodiment 3

Hereinafter, a liquid crystal display device of embodiment
3 of the present invention is described. The liquid crystal
display device of embodiment 3 has a different pretilt angle of
the liquid crystal from that defined by the alignment films 26
and 44 of the liquid crystal display device of embodiment 1,
and the other elements are the same as those of embodiment
1. Hereinafter, the differences from embodiment 1 are mainly
described.

FIG. 10 is a plan view schematically showing the structure
of a pixel 10" in a liquid crystal display device 102 of embodi-
ment 3. The pixel 10' is constituted of a first region 31' and a
second region 32' which are separated from each other by a
boundary line 37. The pixel 10 includes a pixel electrode 30
that has the shape previously described in embodiment 1. In
the present embodiment, the tilt angle of the liquid crystal
molecules in the first region 31" in the absence of an applied
voltage across the liquid crystal layer is different from the tilt
angle of the liquid crystal molecules in the second region 32'.
The alignment films 26 and 44 in the first region 31' are
configured to provide the liquid crystal with a pretilt angle of
2°. The alignment films 26 and 44 in the second region 32" are
configured to provide the liquid crystal with a pretilt angle of
5°.

FIG. 11 is a graph illustrating the VT characteristic in the
first region 31' and the second region 32' when the display
surface is viewed from a position in front of the display
surface (in the polar angle 0° direction). In the graph, lines a
and c represent the VT characteristics in the first region 31'
and the second region 32', while line b represents the VT
characteristic in the second region 32 of embodiment 1.

The pretilt angle in the first region 31'is equal to the pretilt
angle in the first region 31 of embodiment 1, and therefore,
these regions have equal VT characteristics. As seen from the
VT characteristics represented by line ¢ and line b, however,
the transmittance in the second region 32' is higher than the
transmittance in the second region 32 of embodiment 1. In
embodiment 3, the pretilt angle is different between the first
region 31" and the second region 32', so that the difference in
brightness between these regions is larger than that of
embodiment 1.

FIG. 12 is a graph for illustrating the viewing angle char-
acteristics of the liquid crystal display device 102 of the
present embodiment. In FIG. 12, line o represents the viewing
angle characteristic of the pixel 10' of embodiment 3. Spe-
cifically, line o represents the average of the above-described
viewing angle characteristics respectively obtained in the first
region 31' and the second region 32'. Line m represents the
viewing angle characteristic of the pixel 10 of embodiment 1,
1.e., the viewing angle characteristic of a pixel which has the
pixel electrode 30 but does not provide different pretilt
angles. Line n represents the viewing angle characteristic
obtained in any one of the first region 31' and the second
region 32' (herein, the first region 31'). Note that line 1 in FIG.
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12 is a reference line representing that the front transmittance
and the diagonal transmittance are equal.

As seen from FIG. 12, by using the same pixel as that of
embodiment | and providing a plurality of pretilt angles inthe
pixel, more excellent viewing angle characteristics can be
obtained than a liquid crystal display device in which the
pixel electrode has a single line width and a single slit width,
and than the liquid crystal display device of embodiment 1 in
which the pretilt angles in a pixel are all equal.

As described above, in embodiment 3, the pretilt angle is
modified depending on the difference in line width or slit
width of the pixel electrode 30. Therefore, display with higher
brightness and more excellent viewing angle characteristics
than embodiment 1 is possible. As seen from the comparison
of embodiments 1 and 3, by modifying the pretilt angle
depending on the difference in the line width or slit width of
the pixel electrode 30, the viewing angle characteristics
across the entire display surface can be improved, while the
brightness can be adjusted within a wider range over the
entire display surface.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a liquid crystal dis-
play device which has a relatively small pixel pitch, such as a
liquid crystal display device for a mobile phone, and the like.

The invention claimed is:
1. A vertical alignment type liquid crystal display device
which has a plurality of pixels, comprising:

a pair of polarizing plates which have transmission axes
orthogonal to each other;

a first electrode;

a second electrode provided so as to oppose the first elec-
trode; and

a liquid crystal layer interposed between the first electrode
and the second electrode,

wherein each of the plurality of pixels includes a first
region and a second region which are separated by a line
parallel to or perpendicular to the directions of the trans-
mission axes of the pair of polarizing plates,

the first electrode includes, in each of the first region and
the second region, a plurality of first branch portions
extending in a first direction and a plurality of second
branch portions extending in a second direction that is
different from the first direction;

each of the plurality of first branch portions in the first
region has a first width, and

each of the plurality of first branch portions in the second
region has a second width that is different from the first
width.

2. The liquid crystal display device of claim 1, wherein

each of the plurality of second branch portions in the first
region has the first width, and

each of the plurality of second branch portions in the sec-
ond region has the second width.

3. The liquid crystal display device of claim 1, wherein

any adjacent two of the plurality of first branch portions in
the first region are separated by a first space, and

any adjacent two of the plurality of first branch portions in
the second region are separated by a second space that is
different from the first space.

4. The liquid crystal display device of claim 3, wherein

any adjacent two of the plurality of second branch portions
in the first region are separated by the first space, and

any adjacent two of the plurality of second branch portions
in the second region are separated by the second space.
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5. The liquid crystal display device of claim 1, wherein

the first region and the second region respectively corre-
spond to one region and the other region of a pixel which
are separated by a gate bus line or CS line.

6. The liquid crystal display device of claim 1, wherein

the first region and the second region respectively corre-
spond to one region and the other region of a pixel which
are separated by a line parallel to a source bus line.

7. The liquid crystal display device of claim 1, wherein

the first direction and the second direction are orthogonal
to each other, and

directions of the transmission axes of the pair of polarizing
plates and the first direction are different by 45°, 135°,
225°, or 315°.

8. The liquid crystal display device of claim 1, wherein

when a voltage is applied across the liquid crystal layer,
four liquid crystal domains among which an alignment
direction of liquid crystal molecules is different are
formed in each of the first region and the second region.

9. The liquid crystal display device of claim 1, wherein

each of the plurality of pixels includes a third region sepa-
rated from the first region or the second region by a line
parallel to or perpendicular to the directions of the trans-
mission axes, of the pair of polarizing plates,

the first electrode includes the plurality of first branch
portions and the plurality of second branch portions in
the third region, and

each of the plurality of first branch portions and the plural-
ity of second branch portions in the third region has a
third width that is different from the first width or the
second width.

10. The liquid crystal display device of claim 1, wherein

when a voltage is notapplied across the liquid crystal layer,
atilt angle of liquid crystal molecules in the first region
is different from a tilt angle of liquid crystal molecules in
the second region.

11. A vertical alignment type liquid crystal display device

which has a plurality of pixels, comprising:

a pair of polarizing plates which have transmission axes
orthogonal to each other;

a first electrode;

a second electrode provided so as to oppose the first elec-
trode; and

aliquid crystal layer interposed between the first electrode
and the second electrode,

wherein each of the plurality of pixels includes a first
region and a second region which are separated by a line
parallel to or perpendicular to the directions of the trans-
mission axes of the pair of polarizing plates,

the first electrode includes, in each of the first region and
the second region, a plurality of first branch portions
extending in a first direction and a plurality of second
branch portions extending in a second direction that is
different from the first direction;

any adjacent two of the plurality of first branch portions in
the first region are separated by a first space, and

any adjacent two of the plurality of first branch portions in
the second region are separated by a second space that is
different from the first space.

12. The liquid crystal display device of claim 11, wherein

any adjacent two of the plurality of second branch portions
in the first region are separated by the first space, and

any adjacent two of the plurality of second branch portions
in the second region are separated by the second space.
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13. The liquid crystal display device of claim 11, wherein

each of the plurality of pixels includes a third region sepa-
rated from the first region or the second region by a line
parallel to or perpendicular to the directions of the trans-
mission axes of the pair of polarizing plates,

the first electrode includes the plurality of first branch
portions and the plurality of second branch portions in
the third region, and

10 any adjacent two of the plurality of first branch portions in
the third region and any adjacent two of the plurality of
second branch portions in the third region are separated
by athird space that is different from the first space or the
second space.

15 14, The liquid crystal display device of claim 11, wherein

when a voltage is notapplied across the liquid crystal layer,
atilt angle of liquid crystal molecules in the first region
is different from a tilt angle of liquid crystal molecules in

20 the second region.

15. A vertical alignment type liquid crystal display device
which has a plurality of pixels, comprising:
a pair of polarizing plates which have transmission axes

orthogonal to each other;

B A first electrode;

a second electrode provided so as to oppose the first elec-
trode; and

a liquid crystal layer interposed between the first electrode
30 and the second electrode,

wherein each of the plurality of pixels includes a plurality
of regions which are separated from each other by a line
parallel to or perpendicular to the directions of the trans-
mission axes of the pair of polarizing plates,

the first electrode includes, in each of the plurality of
regions, a plurality of first branch portions extending in
a first direction and a plurality of second branch portions
extending in a second direction that is different from the

40 first direction;

each of the plurality of first branch portions in one of the
plurality of regions has a first width, and

each of the plurality of first branch portions in another one
of the plurality of regions has a second width that is
4 different from the first width.

16. The liquid crystal display device of claim 15, wherein

each of the plurality of second branch portions in one of the
plurality of regions has the first width, and

50 each of the plurality of second branch portions in the
another one of the plurality of regions has the second
width.

17. A vertical alignment type liquid crystal display device
which has a plurality of pixels, comprising:

55
a pair of polarizing plates which have transmission axes
orthogonal to each other;
a first electrode;
o @ second electrode provided so as to oppose the first elec-

trode; and

a liquid crystal layer interposed between the first electrode
and the second electrode,

wherein each of the plurality of pixels includes a plurality

65 of regions which are separated from each other by a line

parallel to or perpendicular to the directions of the trans-
mission axes of the pair of polarizing plates,
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the first electrode includes, in each of the plurality of
regions, a plurality of first branch portions extending in
a first direction and a plurality of second branch portions
extending in a second direction that is different from the
first direction;

any adjacent two of the plurality of first branch portions in
one of the plurality of regions are separated by a first
space, and

any adjacent two of the plurality of first branch portions in
the another one of the plurality of regions are separated
by a second space that is different from the first space.

5
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18. The liquid crystal display device of claim 17, wherein

any adjacent two of the plurality of second branch portions
in one of the plurality of regions are separated by the first
space, and

any adjacent two of the plurality of second branch portions
in the another one of the plurality of regions are sepa-
rated by the second space.
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