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(57) ABSTRACT

There is provided a liquid crystal display device of high
picture quality with high brightness and small display
unevenness.

A vertical alignment type liquid crystal display device which
has a plurality of pixels includes: a first electrode which
includes, in each of the plurality of pixels, 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; a second electrode disposed
so as to oppose the first electrode; and a liquid crystal layer
interposed between the first electrode and the second elec-
trode, wherein a width of each of the plurality of first branch
portions and the plurality of second branch portions is in a
range not less than 1.4 um and not more than 8.0 um.
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(b)

FIG.7

Sfum]

L[y m] 14 18 | 21 25 | 28 | 32 |35 | 42 | 50
14 840 | 919 | 941 | 938 | 951 | 835 | 731 | 607 | 444
18 864 | 938 | 970 | 958 | 968 | 859 | 741 | 617 | 459
2.1 854 | 951 | 975 | 988 | 963 | 844 | 755 | 625 | 509
25 894 | 958 | 978 11000 | 975 | 879 | 815 | 642 | 526
2.8 889 | 943 1970 | 963 | 936 | 872 | 87 | 635 | 516
3.2 869 | 933 | 948 | 968 | 941 | 872 | 795 | 630 | 519
3.5 847 | 909 | 936 | 943 | 948 |87 | 773 | 635 | 506
4.2 825 | 886 | 923 | 943 | 958 | 891 | 802 | 667 | 546
5.0 795 | 889 | 933 | 926 | 941 | 8.9 | 790 | 657 | 521
6.0 785 1859 | 919 | 928 | 926 |82 | 810 | 627 | 506
8.0 726 | 832 | 926 | 914 | 909 | 835 | 788 | 637 | 494
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1
LIQUID CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of International
Application No. PCT/JP2008/003722 filed 11 Dec. 2008
which designated the U.S. and claims priority to JP Patent
Application No. 2007-340854 filed 28 Dec. 2007, the entire
contents of each of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

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

BACKGROUND AND SUMMARY OF THE
INVENTION

As of now, liquid crystal display devices under develop-
ment which have wide viewing angle characteristics includes
liquid crystal display devices utilizing the IPS (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 (Multidomain 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°. Selection of these azimuthal angles of
the directors is most preferable in respect of transmittance
because linearly-polarized light in the direction of 45° rela-
tive to the polarization axis is not absorbed by the polarizing
plates. Such a structure which includes four domains in one
pixel is referred to as “four-division alignment structure” or
simply “4D structure”.

When slits (or ribs) are used as the alignment control means
in the MVA mode liquid crystal display devices, the width of
the slits need to be about 10 pm 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 extending in directions different by 90°
when seen in a direction normal to the substrate (“<”-shaped
slit) 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 electrode slits. Specifically,
both the counter electrode and the pixel electrode in one pixel
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need to have a plurality of slits 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 employed,
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) sig-
nificantly decreases. In the case of a small-size liquid crystal
display device of finer definition, e.g., 2.4-inch VGA for use
in mobile phones, the pixel pitch (row directionxvertical
direction) is, for example, 25.5 pmx76.5 wm. 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 Y4-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 Y4-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 V4-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 0f 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 Publica-
tion No. 2002-107730

[Patent Document 2] Japanese Laid-Open Patent Publica-
tion No. 2003-149647

[Patent Document 3] Japanese Laid-Open Patent Publica-
tion No. 2006-330638

The pixel electrodes of the liquid crystal display devices
described in the aforementioned patent documents have a
plurality of linear electrode portions (also referred to as “line
portions™) extending in the direction of 45°-22520 and the
direction of 135°-315°. Abnormal alignment of the liquid
crystal, or such a phenomenon that the liquid crystal align-
ment direction becomes unstable, can occur depending on the
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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 por-
tions”), resulting in the problems of variation in transmittance
across the display surface, display unevenness, and abnormal
gray scale.

The inventor of the present application conducted
researches and found that, to meet severe display character-
istic requirements for liquid crystal display devices in the
future, it is necessary to increase the transmittance in each
pixel and suppress the variation in transmittance among pix-
els in a display screen to be about 10% or lower. However, the
shape and size of the linear electrode portions and slits which
are optimum for achieving such high transmittance charac-
teristics has not been researched. Also, the fishbone-type
electrodes have not been researched as to what setting of the
relationship between the width of the linear electrode por-
tions and the width of the slits can achieve the best transmit-
tance characteristics.

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 includ-
ing fishbone-type electrodes of high display quality which
has high transmittance and which has a reduced transmittance
variation smaller than about 10% across the display surface.

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 first electrode which
includes, in each of the plurality of pixels, 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; a second electrode disposed
so as to oppose the first electrode; and a liquid crystal layer
interposed between the first electrode and the second elec-
trode, wherein a width of each of the plurality of first branch
portions and the plurality of second branch portions is in a
range not less than 1.4 um and not more than 8.0 um.

In one embodiment, any adjacent two of the plurality of
first branch portions and any adjacent two of the plurality of
second branch portions are separated by a space wider than
1.4 um and narrower than 3.2 um.

In one embodiment, when any adjacent two of the plurality
of first branch portions and any adjacent two of the plurality
of'second branch portions are separated by a space wider than
1.4 pm and narrower than 2.1 pum, the width of each of the
plurality of first branch portions and the plurality of second
branch portions is in a range not less than 1.4 pm and not more
than 3.5 um.

In one embodiment, the width of each of the plurality of
first branch portions and the plurality of second branch por-
tions is in a range not less than 1.4 um and not more than 5.0
pm.

In one embodiment, when any adjacent two of the plurality
of first branch portions and any adjacent two of the plurality
of second branch portions are separated by a space wider than
1.4 pm and narrower than 2.1 pum, the width of each of the
plurality of first branch portions and the plurality of second
branch portions is in a range not less than 1.4 pm and not more
than 3.2 um.

In one embodiment, the width of each of the plurality of
first branch portions and the plurality of second branch por-
tions is in a range not less than 1.4 um and not more than 5.0
um while any adjacent two of the plurality of first branch
portions and any adjacent two of the plurality of second
branch portions are separated by a space wider than 1.8 pm
and narrower than 3.2 um, or the width of each of the plurality
of first branch portions and the plurality of second branch
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portions is in a range not less than 1.4 pm and not more than
3.2 um while any adjacent two of the plurality of first branch
portions and any adjacent two of the plurality of second
branch portions are separated by a space wider than 1.4 pm
and equal to or narrower than 1.8 pm.

In one embodiment, the width of each of the plurality of
first branch portions and the plurality of second branch por-
tions is in arange more than 2.1 pm and less than 2.8 pm while
any adjacent two of the plurality of first branch portions and
any adjacent two of the plurality of second branch portions
are separated by a space wider than 2.1 pm and narrower than
2.8 um.

In one embodiment, the first electrode includes a trunk
portion, the plurality of first branch portions extend from the
trunk portion in the first direction, and the plurality of second
branch portions extend from the trunk portion in the second
direction.

In one embodiment, the liquid crystal display device fur-
ther includes a pair of polarizing plates which have transmis-
sion axes orthogonal to each other, 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°,
or315°.

In one embodiment, each of the plurality of pixels includes
afirstregion and a second region which are separated by aline
parallel to or perpendicular to the directions of the transmis-
sion axes of the pair of polarizing plates, each of the first
region and the second region includes the plurality of first
branch portions and the plurality of second branch portions,
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.

A liquid crystal display device of the present invention
includes fishbone-type electrodes which have branch por-
tions of the above-specified width or fishbone-type electrodes
in which the space between adjacent branch portions has the
above-specified value. Therefore, the abnormal alignment
and alignment shift of the liquid crystal are suppressed so that
the alignment direction of the liquid crystal in each pixel can
be stabilized to be in a correct direction. Thus, high quality
display with no roughness is possible in which the variation in
transmittance across the display surface is smaller than about
10%.

In a liquid crystal display device of the present invention,
one pixel includes two regions between which the widths of
branch portions of the fishbone-type electrode or the spaces
between adjacent branch portions are different. Therefore, the
variation in brightness is suppressed, and high quality display
with excellent gray scale and viewing angle characteristics is
achieved.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 Plan view schematically showing the structure of
one pixel in aliquid crystal display device 100 of embodiment
1 of the present invention.

FIG. 2 A schematic cross-sectional view of the liquid crys-
tal display device 100 taken along line A-A' of FIG. 1.

FIG. 3 Graphs representing the transmittance variation
degree T with constant line width L and varying slit width S
of a pixel electrode 30.

FIG. 4 Images showing the white display of a pixel 10. (a)
shows a preferable display state achieved when both line
width L and slit width S are 2.5 um. (b) and (¢) show unpref-
erable display states.

FIG. 5 Graphs representing transmittance T with constant
slit width S and varying line width L of the pixel electrode 30.

FIG. 6 Images showing the white display ofthe pixel 10. (a)
shows a preferable display state achieved when both line
width L and slit width S are 2.5 um. (b) and (c) show unpref-
erable display states.

FIG. 7 A table of the numerical representations of the
transmittance variation degree T shown in FIG. 3 and FIG. 5,
showing all the values for the transmittance variation degree
T which result from the combinations of line width L and slit
width S.

FIG. 8 A table showing the display quality evaluations by
observers with line width L varying in the range of 1.4 pm to
8.0 um and slit width S varying in the range of 1.4 um to 5.0
pm.
FIG. 9 Plan view schematically showing the structure of
one pixel in aliquid crystal display device of embodiment 2 of
the present invention.

DESCRIPTION OF THE REFERENCE
NUMERALS

10, 10' pixel

20 TFT substrate

21 glass substrate

22 scanning line

23 signal line

24 auxiliary capacitance line

25 insulation layer

30 pixel electrode

30a, 305, 30aa, 30ab, 30ba, 3065 trunk portion
30c¢, 30d, 30ca, 30cbh, 30da, 30db branch portion
32 alignment film

35 TFT

36 auxiliary capacitance electrode
40 counter substrate

41 transparent substrate

42 CF layer

43 common electrode

44 alignment film

50 liquid crystal layer

60a, 605 polarizing plate

90a, 904', 905, 905" trunk portion
90c¢, 90¢', 90d, 904" branch portion
95 first region

95" second region

97 boundary line

DETAILED DESCRIPTION

Hereinafter, the structures of liquid crystal display devices
of embodiments of the present invention are described with
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6

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
one pixel of a liquid crystal display device 100 of embodi-
ment 1 of the present invention. FIG. 2 is a schematic cross-
sectional view of the liquid crystal display device 100 taken
along line A-A' of FIG. 1.

The liquid 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 FIG. 2, a TFT substrate 20 which
is an active matrix substrate, a counter substrate 40 which is 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. 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 32 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 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 32 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 to the liquid crystal layer 50. During the polymerization
of'the monomers, a voltage is applied across the liquid crystal
layer 50 by the pixel electrode 30 and the counter electrode
43. A diagonal electric field which occurs depending on the
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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 polymer-
ized.

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 in a state of no voltage application). 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 documents are incorporated by reference in this
specification. The detailed description of the alignment sus-
taining layer is herein omitted.

As shown in FIG. 1, the pixel electrode 30 includes a trunk
portion 30a extending in the direction of azimuthal angle
0°-180°, a trunk portion 306 extending in the direction of
azimuthal angle 90°-270°, a plurality of branch portions 30¢
(first branch portions) extending in the direction of azimuthal
angle 45°-225° (first direction), and a plurality of branch
portions 304 (second branch portions) extending in the direc-
tion of azimuthal angle 135°-315° (second direction).

The trunk portion 30a includes a trunk portion 30aa
extending from the intersection of the trunk portion 30a and
the trunk portion 305 which is near the center of the pixel 10
in the direction of azimuthal angle 0° and a trunk portion 30ab
extending from the intersection in the direction of azimuthal
angle 180°. The trunk portion 305 includes a trunk portion
30ba extending from the intersection in the direction of azi-
muthal angle 90° and a trunk portion 3065 extending from the
intersection in the direction of azimuthal angle 270°.

Thebranch portions 30¢ include a plurality branch portions
30ca extending from the trunk portion 30aa or 30ba in the
direction of azimuthal angle 45° and a plurality of branch
portions 30c¢b extending from the trunk portion 30ab or 3065
in the direction of azimuthal angle 225°. The branch portions
304 include a plurality of branch portions 30da extending
from the trunk portion 30ab or 30ba in the direction of azi-
muthal angle 135° and a plurality of branch portions 3045
extending from the trunk portion 30aa or 3055 in the direction
of azimuthal angle 315°.

The pixel electrode 30 which has the above-described
shape and the alignment films 32 and 44 form a multidomain
of 4D structure in one pixel 10. When no voltage is applied,
the azimuthal directions of the pretilt of the liquid crystal
molecules in the four domains are parallel to the branch
portions 30ca, 30da, 30ch and 30db, respectively, depending
on the directions memorized in the alignment films 32 and 44.
When a voltage is applied, the liquid crystal molecules of the
four domains are oriented in polar angle directions which are
parallel to the branch portions 30ca, 30da, 30cb and 3045 (the
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 pretilt
directions, and therefore, the orientation in correct azimuthal
directions with an extremely-high response rate is realized.

Next, the relationship of width L of the branch portions 30¢
and 30d of the pixel electrode 30 and the space between
adjacent two of the branch portions 30¢ and 304 is described.
The branch portions 30¢ and 30d have equal widths. Space S
between any adjacent two of the branch portions 30¢ and
space S between any adjacent two of the branch portions 304
are equal.

As shown in FIG. 1, width L of the branch portions 30¢ and
30d refers to the dimension perpendicular to the direction of
elongation of the branch portions. Space S between any adja-
cent two of the branch portions 30c¢ and 30d refers to the
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dimension of a gap (slit portion) formed between adjacent
two branch portions which is perpendicular to the direction of
elongation of the branch portions. Width L is sometimes
referred to as “line width L.”. Space S is sometimes referred to
as “slit width S”.

The inventor of the present application estimated that, to
meet severe display characteristic requirements for liquid
crystal display devices in the future, it is necessary to prevent
the variation in transmittance among pixels, which would be
a cause of roughness in display, as well as the necessity of
increasing the transmittance of the pixels. To this end, the
inventor examined the optimum relationship between line
width L and slit width S which is to be applied to the pixels 10.
Hereinafter, the details of the examinations and the results
obtained from the examinations are described. In liquid crys-
tal display devices used in the examinations, the thickness of
the liquid crystal layer 50 was 3.15 um, and the pretilt angle
of the liquid crystal molecules was 1.5° to 2.0°. The exami-
nations were carried out with the gate voltage at 15V and the
source voltage at 4.4 V.

(Examination 1)

First, the relation of the transmittance of the pixels 10 to
line width L and slit width S was examined. Note that, in this
examination, the variation in transmittance among pixels was
smallest when line width L was 2.5 pm and slit width S was
2.5 um. Factor T employed in the examinations below repre-
sents the degree of the variation in transmittance of respective
samples in percentages relative to the smallest transmittance
variation (100%). The variation in transmittance is repre-
sented by the difference between the maximum transmittance
and the minimum transmittance. Therefore, a larger T value
indicates that the display is excellent with a smaller variation
in transmittance.

FIG. 3 shows graphs representing the transmittance varia-
tion degree T (also simply referred to as “T”’) with constant
line width L and varying slit width S. Graphs a, b, ¢, d, e, f, g,
h, j, and k in FIG. 3 represent the relationship between slit
width S and T, with line width L fixed at 1.4 um, 1.8 um, 2.1
pm, 2.5 um, 2.8 um, 3.2 um, 3.5 um, 4.2 um, 5.0 um, 6.0 um,
and 8.0 pum, respectively. Slit width S was changed in the
range of 1.4 um to 5.0 um.

As seen from FIG. 3, T 0of 90% or higher was achieved by
selecting an appropriate value for slit width S no matter which
value line width L was fixed (in any of cases a to k of FIG. 3).
Therefore, there is a probability that a desired, high reflec-
tance characteristic can be achieved so long as line width L is
in a range not less than 1.4 um and not more than 8.0 pm. In
other words, there is a probability that excellent display with
small transmittance differences is realized so long as the
width of each of the branch portions 30¢ and 304 of the pixel
electrode 30 is in a range not less than 1.4 um and not more
than 8.0 pm.

FIG. 4 shows the white display of the pixel 10. FIG. 4(a)
shows a preferable display state achieved when both line
width L and slit width S were 2.5 um. FIG. 4(b) and FIG. 4(c)
show unpreferable display states which are described below.

When slit width S was not more than 1.4 pum, the alignment
control force produced by the slit portion decreased so that the
alignment of the liquid crystal near the slit portion became
unstable. Therefore, the transmittance became nonuniform as
shown in FIG. 4(b) so that dark lines were generated. When
slit width S was not less than 3.2 um, the alignment control
force could not be sufficiently exerted on all the liquid crystal
molecules, so that abnormal alignment of the liquid crystal
molecules occurred, and the transmittance decreased as
shown in FIG. 4(c). Thus, it is desired that slit width S is more
than 1.4 pm and less than 3.2 um.
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FIG. 5 shows the graphs representing T with constant slit
width S and varying line width L. Graphs a, b, ¢, d, e, f, g, h,
and i in FIG. 5 represent the relationship between line width
L and T, with slit width S fixed at 1.4 um, 1.8 um, 2.1 um, 2.5
pum, 2.8 pm, 3.2 pm, 3.5 um, 4.2 pm, and 5.0 pum, respectively.
Line width L. was changed in the range of 1.4 um to 8.0 um.

As seen from FIG. 5, the dependence of T on line width L
was not so great. When slit width S was not less than 2.1 pym
and not more than 2.8 um (corresponding to ¢, d, and e in FIG.
5), T was 90% or higher irrespective of the value of line width
L. When slit width S was 1.4 um or not less than 3.2 um
(corresponding to a, g, h, and i), T did not exceed 90%
irrespective of the value of line width L. When slit width S
was 1.8 um (corresponding to b), T exceeded 90% so long as
line width L was not less than 1.4 um and not more than 3.5
pm.

Thus, to obtain desirable display with a small brightness
variation, the pixel electrode need to be configured such that
line width L is not less than 1.4 pm and not more than 8.0 pm,
and slit width S is at least more than 1.4 um and less than 3.2
um. In other words, any adjacent two of the plurality of branch
portions 30c¢ of the pixel electrode 30 and any adjacent two of
the plurality of branch portions 30d need to be separated by a
space wider than 1.4 pum and narrower than 3.2 pm.

FIG. 6 shows the white display of the pixels 10.

FIG. 6(a) shows a preferable display state achieved when
both line width L and slit width S were 2.5 pm. FIG. 6() and
FIG. 6(c) show unpreferable display states which are
described below.

When line width L was less than 1.4 um and slit width S
was not more than 3.2 um, the alignment control force pro-
duced by the slit portion was greater than the alignment
control force produced by the line portion (trunk portion), so
that abnormal alignment of the liquid crystal occurred, and
the transmittance decreased as shown in FIG. 6(4). When line
width L. was more than 8.0 um and slit width S was not more
than 3.2 um, the alignment control force produced by the line
portion was greater than the alignment control force produced
by the slit portion, so that abnormal alignment of the liquid
crystal occurred, and the transmittance became nonuniform
and decreased as shown in FIG. 6(c). Thus, line width L was
preferably set to be not less than 1.4 pm and not more than 8.0
pm.
FIG. 7 is a table of the numerical representations of the
transmittance variation degree T shown in FIG. 3 and FIG. 5,
showing all the values for T which resulted from the combi-
nations of line width L and slit width S.

As seen from FIG. 7, when slit width S was more than 1.4
um and less than 2.1 um while line width L was not less than
1.4 pm and not more than 3.5 um, or when slit width S was
more than 1.8 pm and less than 3.2 pm while line width L was
not less than 1.4 pm and not more than 8.0 um, T was about
90% or higher. In other words, a desirable high transmittance
was obtained when any adjacent two of the plurality of branch
portions 30c¢ of the pixel electrode 30 and any adjacent two of
the plurality of branch portions 30d were separated by a space
wider than 1.4 um and narrower than 2.1 pm while width L of
the branch portions 30¢ and the branch portions 304 was not
less than 1.4 pm and not more than 3.5 pm, or when any
adjacent two of the plurality of branch portions 30¢ and any
adjacent two of the plurality of branch portions 304 were
separated by a space wider than 1.8 um and narrower than 3.2
um while width L of the branch portions 30c¢ and the branch
portions 304 was not less than 1.4 pum and not more than 8.0
pm.
Note that T of 90% or higher is ensured by configuring the
pixel electrode such that slit width S is not less than 1.8 pm
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and not more than 2.1 pum while line width is not less than 1.4
um and not more than 3.5 pum, or such that slit width S is not
less than 2.1 pm and not more than 2.8 pm while line width L
is not less than 1.4 pm and not more than 8.0 um.

(Examination 2)

Next, the relation of the combination of line width L and
slit width S to the display quality (degree of roughness) was
examined based on the evaluations by viewer’s visual obser-
vation.

FIG. 8 is a table which shows the display quality evalua-
tions by observers with line width L varying in the range of
1.4 um to 8.0 wm and slit width S varying in the range of 1.4
um to 5.0 um. In the table, “O” means that the display quality
was at a satisfactory level, and “x(*)” and “xx(*)”” mean that
the display quality was insufficient for a desired level. More
specifically, “O” means that no variation in pixel transmit-
tance occurred across the entire display screen so that no
roughness was observed in display. “x(*)” means that trans-
mittance abnormality occurred in about 10 out of 100 pixels
so that roughness was observed. “xx(*)” means that transmit-
tance abnormality occurred in substantially all of the pixels so
that terrible roughness was observed.

Conceivable causes of occurrence of roughness are
explained as follows. When slit width S is far less than line
width L, the alignment control force is insufficient near the
slit portion so that the alignment of some liquid crystal mol-
ecules in the pixel becomes unfixed. When slit width S
exceeds a certain value, the alignment control force is not
sufficiently exerted on the liquid crystal molecules near the
center of the slit portion so that the alignment of these liquid
crystal molecules becomes unstable (see FIGS. 4(b) and 4(c)
and FIGS. 6(b) and 6(c)).

As appreciated from FIG. 8, there is a probability that
excellent display quality with no occurrence of roughness can
be obtained when slit width S is more than 1.4 um and less
than 3.2 pm so long as line width L is in a range not less than
1.4 pm and not more than 5.0 um. In other words, excellent
display quality can be obtained when any adjacent two of the
branch portions 30¢ and any adjacent two of the branch por-
tions 304 are separated by a space wider than 1.4 pm and
narrower than 3.2 um so long as the width of each of the
branch portions 30c and 304 is in a range not less than 1.4 pm
and not more than 5.0 pm.

Excellent display quality can also be obtained when slit
width S is more than 1.4 pm and less than 2.1 pm while line
width L is in a range not less than 1.4 pm and not more than
3.2 um, or when slit width S is not less than 2.1 pm and less
than 3.2 um while line width L is not less than 1.4 pm and not
more than 5.0 um. In other words, excellent display quality
can be obtained when any adjacent two of the branch portions
30c and any adjacent two of the branch portions 30d are
separated by a space wider than 1.4 um and narrower than 2.1
um while the width of each of the branch portions 30c and 304
is not less than 1.4 um and not more than 3.2 pm, or when any
adjacent two of the branch portions 30¢ and any adjacent two
ofthe branch portions 304 are separated by a space equal to or
wider than 2.1 pm and narrower than 3.2 pm while the width
of each of the branch portions 30c and 304 is in a range not
less than 1.4 pm and not more than 5.0 um.

Also, excellent display quality is ensured so long as slit
width S is not less than 1.8 pm and less than 2.1 pm while line
width L is not less than 1.4 pum and not more than 3.2 pm, or
when slit width S is not less than 2.1 pm and not more than 2.8
um while line width L is not less than 1.4 pm and not more
than 5.0 um. In other words, excellent display quality can be
ensured when any adjacent two ofthe branch portions 30c and
any adjacent two of the branch portions 304 are separated by
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a space equal to or wider than 1.8 pm and narrower than 2.1
um while the width of each of the branch portions 30c and 304
is in a range not less than 1.4 pm and not more than 3.2 pum, or
when any adjacent two of the branch portions 30¢ and any
adjacent two of the branch portions 304 are separated by a
space equal to or wider than 2.1 um and equal to or narrower
than 2.8 pm while the width of each of the branch portions 30¢
and 304 is in a range not less than 1.4 um and not more than
5.0 pm.

(Conclusion)

In consideration of the results of examinations 1 and 2, the
optimum combinations of line width L and slit width S with
which the variation in transmittance is sufficiently suppressed
and roughness in display does not occur are shown below.

(1) Line width L is in a range not less than 1.4 pm and not
more than 5.0 pm, and slit width S is more than 1.8 pm and
less than 3.2 um. In other words, the width of each of the
branch portions 30c and 304 is in a range not less than 1.4 pm
and not more than 5.0 um, and any adjacent two of the branch
portions 30¢ and any adjacent two of the branch portions 304
are separated by a space wider than 1.8 jum and narrower than
3.2 um.

(2) Line width L is in a range not less than 1.4 pm and not
more than 3.2 um, and slit width S is more than 1.4 um and not
more than 1.8 pm. In other words, the width of each of the
branch portions 30c and 304 is in a range not less than 1.4 pm
and not more than 3.2 um, and any adjacent two of the branch
portions 30¢ and any adjacent two of the branch portions 304
are separated by a space wider than 1.4 um and equal to or
narrower than 1.8 pm.

It is appreciated from the results of examination 1, the
combination of line width L and slit width S which achieves
the most excellent display (T=100%) is such that both line
width L and slit width S are more than 2.1 um and less than 2.8
wm. Itis also appreciated from examination 2 that, in this case,
excellent display quality with no roughness can be obtained.
Thus, the most preferable display characteristics can be
obtained so long as both line width L and slit width S are
within this range. In other words, the best display character-
istics can be obtained so long as the width of each of the
branch portions 30c¢ and 304 is in a range more than 2.1 pm
and less than 2.8 pm while any adjacent two of the branch
portions 30¢ and any adjacent two of the branch portions 304
are separated by a space wider than 2.1 pm and narrower than
2.8 pm.

Note that the shape of the pixel electrode 30 of embodiment
1 may be applied to the shape of the counter electrode within
one pixel area. With such a counter electrode shape, equiva-
lent effects to those described above can be obtained.

Embodiment 2

Hereinafter, a liquid crystal display device embodiment 2
of the present invention is described. The liquid crystal dis-
play device of embodiment 2 is different from the liquid
crystal display device of embodiment 1 in that the pixel
electrode 30 of embodiment 1 is replaced by a pixel electrode
of a different fishbone shape, and the other elements are the
same as those of embodiment 1. Therefore, only the pixel
electrode is described below.

FIG. 9 is a plan view schematically showing the structure
of a pixel electrode 90 in one of a plurality of pixels arranged
in the liquid crystal display device of embodiment 2 (pixel
107.

As shown in FIG. 9, the pixel electrode 90 includes trunk
portions 90a and 904' extending in the direction of azimuthal
angle 0°-180°, trunk portions 905 and 904' extending in the
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direction of azimuthal angle 90°-270°, a plurality of branch
portions 90¢ and 90¢' (first branch portions) extending in the
direction of azimuthal angle 45°-225° (first direction), and a
plurality of branch portions 904 and 904" (second branch
portions) extending in the direction of azimuthal angle 135°-
315° (second direction). The branch portions 90c¢ and the
branch portions 904 branches off from the trunk portion 90a
or the trunk portion 905. The branch portions 90¢' and the
branch portions 904" branches off from the trunk portion 904’
or the trunk portion 905’

The pixel 10" includes a first region 95 and a second region
95' which are separated by a virtual boundary line 97 extend-
ing in the direction of azimuthal angle 0°-180°. In other
words, the first region 95 and the second region 95' are sepa-
rated by a line (boundary line 97) which is parallel or perpen-
dicular to the mutually-orthogonal transmission axes of the
two polarizing plates 60a and *605 shown in FIG. 2.

The first region 95 includes the trunk portions 90a and 905
and the branch portions 90¢ and 90d. The second region 95'
includes the trunk portions 904' and 904' and the branch
portions 90¢' and 904". In the first region 95, widths L1 (first
line widths) of the branch portions 90¢ and 90d are all equal.
In the second region 95', widths [.2 (second line widths) of the
branch portions 90¢' and 904" are all equal. Note that width L1
and width L2 are different.

in the first region 95, any adjacent two of the branch por-
tions 90c¢ are separated by space S1 (first slit width), and any
adjacent two of the branch portions 904 are also separated by
space S1. In the second region 95', any adjacent two of the
branch portions 90¢' are separated by space S2 (second slit
width) that is different from space S1, and any adjacent two of
the branch portions 904" are also separated by space S2.

The pixel electrode 90 having the above-described struc-
ture realizes a multidomain of 4D structure in each of the first
region 95 and the second region 95'. Width [.1 and width [.2
are both set within the preferable range of width L which has
been previously described in embodiment 1. Space S1 and
space S2 are both set within the preferable range of space S
which has been previously described in embodiment 1.

Since width L1 and width L2 are different and space S1 and
space S2 are different, there is a small difference of the liquid
crystal alignment control force between the first region and
the second region. However, these widths and spaces are all
within the ranges examined in embodiment and therefore, the
liquid crystal display device of embodiment 2 provides
equivalent effects to those described in embodiment 1. The
liquid crystal display device of embodiment 2 further pro-
vides the effects described below.

Now, consider the relationship between the voltage sup-
plied to the pixel electrode and the transmittance. The voltage
dependence of the transmittance (referred to as “I-V charac-
teristic”) varies according to the shape of the pixel electrode.
Therefore, the first region 95 and the second region 95'
acquire two different T-V characteristics, and the one whole
pixel 10" acquires the average of the two T-V characteristics.

In general, the T-V characteristic achieved by a pixel elec-
trode having a specific shape is different from an ideal T-V
characteristic, and therefore, defects such as whitish or black-
ish dots can occur in display. Also, the viewing angle depen-
dence of the T-V characteristic varies according to the pixel
shape, and therefore, it is probable that a pixel electrode
having some specific shape cannot achieve a desired viewing
angle characteristic.

In the liquid crystal display device of embodiment 2, one
pixel can acquire two different T-V characteristics and per-
form display according to the average of these T-V charac-
teristics. Therefore, more ideal gray scale and viewing angle
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characteristics can be obtained by appropriate combination of
the pixel electrode shapes of the first region and the second
region, in other words, by appropriate setting of width L1,
width L2, space S1, and space S2.

A conceivable variation of the pixel electrode 90 includes,
in the first region or the second region, trunk portions of two
different widths, width L1 and width 1.2, and slit portions of
two different spaces, space S1 and space S2. In this case, the
trunk portions of two widths and the slit portions of two
spaces exist adjacent to each other, so that the probability of
abnormal alignment of the liquid crystal increases at the
boundary between them. Thus, the two types of branch por-
tions and the two types of slit portions should be in different
regions as described in embodiment 2.

As is the case with embodiment 1, the shape of the pixel
electrode 10" of embodiment 2 may be applied to the shape of
the counter electrode within one pixel area. In this case also,
equivalent effects to those described above can be obtained.

INDUSTRIAL APPLICABILITY

The present invention is preferably used in liquid crystal
display devices of which high display quality is required.

The invention claimed is:

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

a first electrode which includes, in each of the plurality of
pixels, 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;

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

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

wherein a width of each of the plurality of first branch
portions and the plurality of second branch portions is in
a range not less than 1.4 pm and not more than 8.0 um;
and

first and second polarizers which have respective transmis-
sion axes substantially orthogonal to each other, 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 a direction of the transmission axis
of at least one of the polarizers, wherein each of the first
region and the second region includes the first branch
portions and the second branch portions, wherein all first
branch portions in the first region have a first width and
all first branch portions in the second region have a
second width that is different from the first width.

2. The liquid crystal display device of claim 1, wherein any
adjacent two of the plurality of first branch portions and any
adjacent two of the plurality of second branch portions are
separated by a space wider than 1.4 pm and narrower than 3.2

3. The liquid crystal display device of claim 2, wherein
when any adjacent two of the plurality of first branch portions
and any adjacent two of the plurality of second branch por-
tions are separated by a space wider than 1.4 jum and narrower
than 2.1 pum, the width of each of the plurality of first branch
portions and the plurality of second branch portions is in a
range not less than 1.4 um and not more than 3.5 pm.
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4. The liquid crystal display device of claim 2, wherein the
width of each of the plurality of first branch portions and the
plurality of second branch portions is in a range not less than
1.4 um and not more than 5.0 um.

5. The liquid crystal display device of claim 4, wherein
when any adjacent two of the plurality of first branch portions
and any adjacent two of the plurality of second branch por-
tions are separated by a space wider than 1.4 um and narrower
than 2.1 um, the width of each of the plurality of first branch
portions and the plurality of second branch portions is in a
range not less than 1.4 pm and not more than 3.2 pm.

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

the width of each of the plurality of first branch portions

and the plurality of second branch portions is in a range
not less than 1.4 pm and not more than 5.0 pm while any
adjacent two of the plurality of first branch portions and
any adjacent two of the plurality of second branch por-
tions are separated by a space wider than 1.8 um and
narrower than 3.2 pm, or

the width of each of the plurality of first branch portions

and the plurality of second branch portions is in a range
not less than 1.4 pm and not more than 3.2 um while any
adjacent two of the plurality of first branch portions and
any adjacent two of the plurality of second branch por-
tions are separated by a space wider than 1.4 um and
equal to or narrower than 1.8 pm.

7. The liquid crystal display device of claim 1, wherein the
width of each of the plurality of first branch portions and the
plurality of second branch portions is in a range more than 2.1
um and less than 2.8 pm while any adjacent two of the plu-
rality of first branch portions and any adjacent two of the
plurality of second branch portions are separated by a space
wider than 2.1 um and narrower than 2.8 pum.

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

the first electrode includes a trunk portion,

the plurality of first branch portions extend from the trunk

portion in the first direction, and

the plurality of second branch portions extend from the

trunk portion in the second direction.

9. 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 first and
second polarizers and the first direction are different by 45°,
135°,225°, or 315°.

10. 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.

11. 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.

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.

* * Ed % *
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