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(57) ABSTRACT

A liquid crystal display device that includes: a liquid crystal
display panel configured by a pair of substrates sandwiching
therebetween a liquid crystal material with a positive dielec-
tric anisotropy; and a flat-shaped common electrode and a
pixel electrode disposed on one of the pair of substrates with
an overlay, via an insulator layer, between the common
electrode and the pixel electrode when viewed from above.
In the liquid crystal display device, the pixel electrode is
extended in a first direction, and includes a plurality of
comb-like electrode sections aligned in a second direction
orthogonal to the first direction, and the comb-like electrode
sections of the pixel electrode are varied in width in the
second direction for a plurality of times at intervals shorter
than a side extending in the first direction.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese applications JP2006-109990 filed on Apr. 12, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device and, more specifically, to a technology that
works well with a liquid crystal display device in which a
substrate sandwiching a liquid crystal material with another
substrate carries thereon a common electrode and a pixel
electrode, and the pixel electrode is disposed above the
common electrode via an insulator layer, and includes a
comb-like electrode section.

[0003] The liquid crystal display device falls into two
broad categories of VA (Vertical Alignment) and IPS (In-
plane Switching) in view of the direction of an electric field
for application to a liquid crystal material, i.e., liquid crystal
layer.

[0004] In a VA-mode liquid crystal display device, on a
substrate sandwiching a liquid crystal material with another
substrate, a pixel electrode is disposed, and on the other
substrate, a common electrode is so disposed as to oppose
the pixel electrode. The common electrode is referred to also
as opposing electrode. The VA-mode liquid crystal display
is typified also by a TN (Twisted Nematic) mode.

[0005] In an IPS-mode liquid crystal display device, on
the other hand, on a substrate sandwiching a liquid crystal
material with another substrate, a pixel electrode and a
common electrode are both disposed. Compared with the
VA-mode liquid crystal display device, the IPS-mode liquid
crystal display device can easily have a wider viewing angle,
and thus has become popular for use in liquid crystal
televisions.

[0006] In the IPS-mode liquid crystal display device, one
substrate carries thereon both a pixel electrode and a com-
mon electrode. For the IPS-mode liquid crystal display
device, there thus has been proposed various electrode
layouts and shapes to achieve efficient application of an
electric field to a liquid crystal layer. The electric field is the
one to be generated by a potential difference between the
pixel and common electrodes.

[0007] As one possible layout of the pixel and common
electrodes in the IPS-mode liquid crystal display device, the
pixel electrode is disposed on the common electrode with an
insulator layer therebetween. With such a layout, for
example, the common electrode is shaped flat, and the pixel
electrode is shaped like a comb. As an example, refer to
Patent Document 1 (U.S. Pat. No. 6,233,034).

[0008] In an exemplary liquid crystal display device in
which a substrate carries thereon a flat-shaped common
electrode with a comb-like pixel electrode thereabove with
an insulator layer disposed therebetween, a liquid crystal
layer is made of a material with a positive dielectric anisot-
ropy, for example.

SUMMARY OF THE INVENTION

[0009] The issue here is that an IPS-mode liquid crystal
display device has a problem of longer response time
compared with a VA-mode liquid crystal display device.
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This, problematically, reduces the performance of moving
image display for use for a liquid crystal television or others.
[0010] For the aim of reducing the response time, a
previous IPS-mode liquid crystal display device adopts the
method of reducing the viscosity of a liquid crystal material
for use for a liquid crystal layer, or the method of narrowing
a cell gap by reducing the thickness of a liquid crystal layer.
[0011] However, such a method of reducing the viscosity
of a liquid crystal material or narrowing a cell gap has
limitations, and has a difficulty in increasing the perfor-
mance of moving image display to a further degree.
[0012] An IPS-mode liquid crystal display device also has
a problem of, if a display change is made from high
transmittance, e.g., white display, to low transmittance, e.g.,
black display, taking a longer time for the transmittance to
fall and reach a predetermined value compared with a
VA-mode liquid crystal display device.

[0013] That is, the response characteristics of the previous
IPS-mode liquid crystal display device are lower than those
of the VA-mode liquid crystal display device.

[0014] An object of the invention is to provide a technol-
ogy that enables an IPS-mode liquid crystal display device
to have higher response characteristics.

[0015] That and other objects, and any new features of the
present invention will become more apparent from the
following detailed description of the invention when taken
in conjunction with the accompanying drawings.

[0016] The invention has the typical features and aspects
as below.
[0017] A first aspect of the invention is directed to a liquid

crystal display device, including: a liquid crystal display
panel configured by a pair of substrates sandwiching ther-
ebetween a liquid crystal material with a positive dielectric
anisotropy; and a flat-shaped common electrode and a pixel
electrode disposed on one of the pair of substrates with an
overlay, via an insulator layer, between the common elec-
trode and the pixel electrode when viewed from above. In
the liquid crystal display device, the pixel electrode is
extended in a first direction, and includes a plurality of
comb-like electrode sections aligned in a second direction
orthogonal to the first direction, and the comb-like electrode
sections of the pixel electrode are varied in width in the
second direction for a plurality of times at intervals shorter
than a side extending in the first direction.

[0018] According to a second aspect, in the first aspect, the
comb-like electrode sections each have a plurality of pro-
truding portions or recessed portions, in the second direc-
tion, in the side or another extending in the first direction.
[0019] According to a third aspect, in the first aspect, the
comb-like electrode sections each have a plurality of pro-
truding portions, in the second direction, in the side or
another extending in the first direction, and in two of the
adjacent comb-like electrode sections, the protruding por-
tions in the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
are aligned when viewed from the first direction.

[0020] According to a fourth aspect, in the first aspect, the
comb-like electrode sections each have a plurality of pro-
truding portions, in the second direction, in the side and
another extending in the first direction, and in two of the
adjacent comb-like electrode sections, the protruding por-
tions in the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
are slightly misaligned when viewed from the first direction
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by an amount smaller than an interval between the protrud-
ing portions in one of the sides.

[0021] According to a fifth aspect, in the first aspect, the
comb-like electrode sections each have a plurality of
recessed portions, in the second direction, in the side or
another extending in the first direction, and in two of the
adjacent comb-like electrode sections, the recessed portions
in the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
are aligned when viewed from the first direction.

[0022] According to a sixth aspect, in the first aspect, the
comb-like electrode sections each have a plurality of
recessed portions, in the second direction, in the side or
another extending in the first direction, and in two of the
adjacent comb-like electrode sections, the recessed portions
in the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
are slightly misaligned when viewed from the first direction
by an amount smaller than an interval between the recessed
portions in one of the sides.

[0023] According to a seventh aspect, in the first aspect,
the comb-like electrode sections each have a protruding
portion and a recessed section alternately, in the second
direction, in the side or another extending in the first
direction.

[0024] According to an eighth aspect, in the seventh
aspect, in two of the adjacent comb-like electrode sections,
the protruding portions and the recessed portions in the two
sides opposing each other via a slit formed between the two
of the adjacent comb-like electrode sections are respectively
aligned when viewed from the first direction.

[0025] According to a ninth aspect, in the seventh aspect,
in two of the adjacent comb-like electrode sections, the
protruding portions and the recessed portions in the two
sides opposing each other via a slit formed between the two
of the adjacent comb-like electrode sections are alternately
aligned when viewed from the first direction.

[0026] A tenth aspect of the invention is directed to a
liquid crystal display device, including: a liquid crystal
display panel configured by a pair of substrates sandwiching
therebetween a liquid crystal material with a positive dielec-
tric anisotropy; and a flat-shaped common electrode and a
pixel electrode disposed on one of the pair of substrates with
an overlay, via an insulator layer, between the common
electrode and the pixel electrode when viewed from above.
In the liquid crystal display device, the pixel electrode is
extended in a first direction, and includes a plurality of
comb-like electrode sections aligned in a second direction
orthogonal to the first direction, and the comb-like electrode
sections of the pixel electrode are changed in position, when
viewed from the second direction, for a plurality of times at
intervals shorter than a side extending in the first direction,
and at distances shorter than a width along the second
direction.

[0027] According to an eleventh aspect, in the tenth
aspect, the comb-like electrode sections each have a plural-
ity of protruding portions, in the second direction, in the side
or another extending in the first direction, and a plurality of
recessed portions, in the second direction, in a remaining of
the two sides, and in one of the comb-like electrode sections,
the protruding portions and the recessed portions in the two
sides extending in the first direction are aligned when
viewed from the first direction.

Oct. 18, 2007

[0028] According to a twelfth aspect, in the eleventh
aspect, in two of the adjacent comb-like electrode sections,
one of the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
has a plurality of protruding portions in the second direction,
and a remaining of the two sides has a plurality of recessed
portions in the second direction.

[0029] According to a thirteenth aspect, in the eleventh
aspect, in two of the adjacent comb-like electrode sections,
the two sides opposing each other via a slit formed between
the two of the adjacent comb-like electrode sections each
have a plurality of protruding portions in the second direc-
tion, or a plurality of recessed portions in the second
direction.

[0030] The liquid crystal display device of the invention is
of IPS mode, as a prerequisite, including a flat-shaped
common electrode and a pixel electrode disposed, with an
overlay, on one of a pair of substrates sandwiching therebe-
tween a liquid crystal material, via an insulator layer,
between the common electrode and the pixel electrode when
viewed from above. The pixel electrode is extended in a first
direction, and includes a plurality of comb-like electrode
sections aligned in a second direction orthogonal to the first
direction. In such a liquid crystal display device of the
invention, for example, the comb-like electrode sections of
the pixel electrode are varied in width in the second direction
for a plurality of times at intervals shorter than a side
extending in the first direction. In this configuration, when
an electric field is generated due to a potential difference
between the pixel and common electrodes, a splay or bend
deformation is observed in the orientation of liquid crystal
molecules in the comb-like electrode sections at portions
where the width is changed along the second direction.
[0031] In the IPS-mode liquid crystal display device,
when an electric field is generated, a twist deformation is
generally observed in the orientation of liquid crystal mol-
ecules so that the liquid crystal material, i.e., liquid crystal
layer, shows an orientation change. It is known that the
length of the response time of a liquid crystal material is
inversely proportional to an elastic energy, which is gener-
ated when the liquid crystal molecules are changed in
orientation, i.e., a smaller elastic energy leads to a longer
response time, and a larger elastic energy leads to a shorter
response time. As to the elastic energy to be generated when
the liquid crystal molecules are changed in orientation, it is
known that the splay or bend deformation derives a larger
value therefor than the twist deformation.

[0032] In consideration thereof, as in the liquid crystal
display device of the invention, the comb-like electrode
sections are changed in width along the second direction in
the pixel electrode so that, at the width-changed portion,
liquid crystal molecules are changed in orientation, i.e.,
subjected to splay or bend deformation. This accordingly
increases the elastic energy to be generated when the liquid
crystal molecules are changed in orientation compared with
the case only with a twist deformation. As a result, in the
IPS-mode liquid crystal display device, the response time
can be shortened compared with any display device of
previous type.

[0033] In the comb-like electrode sections of the pixel
electrode, to change the width along the second direction for
a plurality of times at intervals shorter than the side extend-
ing in the first direction, in each of the comb-like electrode
sections, a plurality of protruding or recessed portions may
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be formed, in the second direction, to one of the two sides
extending in the first direction.

[0034] Alternatively, in each of the comb-like electrode
sections, a plurality of protruding portions may be formed,
in the second direction, to each of the two sides extending
in the first direction, for example. If this is the case, in any
two of the adjacent comb-like electrode sections, the pro-
truding portions in the two sides opposing each other via a
slit formed between the two of the adjacent comb-like
electrode sections may be aligned when viewed from the
first direction, or may be slightly misaligned by an amount
smaller than the interval between the protruding portions in
one of the sides.

[0035] Still alternatively, in each of the comb-like elec-
trode sections, a plurality of recessed portions may be
formed, in the second direction, to each of the two sides
extending in the first direction, for example. Also in this
case, in any two of the adjacent comb-like electrode sec-
tions, the recessed portions in the two sides opposing each
other via a slit formed between the two of the adjacent
comb-like electrode sections may be aligned when viewed
from the first direction, or may be slightly misaligned by an
amount smaller than the interval between the protruding
portions in one of the sides.

[0036] Still alternatively, in each of the comb-like elec-
trode sections, a protruding portion and a recessed section
may be formed alternately in the second direction to each of
the two sides extending in the first direction. If this is the
case, in any two of the adjacent comb-like electrode sec-
tions, the protruding portions and the recessed portions in
the two sides opposing each other via a slit formed between
the two of the adjacent comb-like electrode sections may be
respectively aligned when viewed from the first direction, or
may be alternately aligned when viewed from the first
direction.

[0037] Intheliquid crystal display device of the invention,
instead of changing the width in each of the comb-like
electrode sections in the pixel electrode when viewed from
the second direction, the position viewed from the second
direction may be changed for a plurality of times at intervals
shorter than a side extending in the first direction, and at
distances shorter than the width along the second direction.
Also in this case, when an electric field is generated due to
a potential difference between the pixel and common elec-
trodes, a splay or bend deformation is observed in the
orientation of liquid crystal molecules in the comb-like
electrode sections at portions where the width is changed
along the second direction. This favorably reduces the
response time compared with the previous IPS-mode liquid
crystal display device.

[0038] For each of the comb-like electrode sections of the
pixel electrode, to change the position for a plurality of times
viewed from the second direction, a plurality of protruding
portions may be formed in the second direction to one of the
two sides extending in the first direction, and a plurality of
recessed portions may be formed in the second direction to
the remaining side of the two sides, for example. In this case,
in one of the comb-like electrode sections, the protruding
portions and the recessed portions in the two sides extending
in the first direction are aligned when viewed from the first
direction, for example.

[0039] Also in this case, in any two of the adjacent
comb-like electrode sections, one of the two sides opposing
each other via a slit formed between the two of the adjacent
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comb-like electrode sections may be formed with a plurality
of protruding portions in the second direction, and the
remaining side of the two sides may be formed with a
plurality of recessed portions in the second direction. Alter-
natively, in any two of the adjacent comb-like electrode
sections, the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode sections
may be each formed with a plurality of protruding portions
in the second direction or a plurality of recessed portions in
the second direction.

[0040] Inthe liquid crystal display device of the invention,
the response time can be shortened compared with the
previous IPS-mode liquid crystal display device. Accord-
ingly, when a display change is made from high transmit-
tance, e.g., white display, to low transmittance, e.g., black
display, the time for the transmittance to fall and reach a
predetermined value can be successfully shortened. As such,
compared with the previous IPS-mode liquid crystal display
device, the liquid crystal display device of the invention can
considerably reduce the response time, and significantly
increase the performance of moving image display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a schematic plan view of a liquid crystal
display panel, showing the overall configuration thereof;
[0042] FIG. 2is a schematic cross sectional view cut along
a line A-A' of FIG. 1;

[0043] FIG. 3 is a schematic plan view of a TFT (Thin
Film Transistor) substrate of a liquid crystal display panel in
a first example, showing an exemplary pixel configuration
therein;

[0044] FIG. 4is a schematic cross sectional view cut along
a line B-B' of FIG. 3;

[0045] FIG. 5is a schematic cross sectional view cut along
a line C-C' of FIG. 3;

[0046] FIG. 6 is a schematic plan view of a pixel electrode
in an area AR1 of FIG. 3, showing an exemplary configu-
ration thereof;

[0047] FIG. 7 is a schematic plan view of the pixel
electrode in the area AR1 of FIG. 3, showing the actual
configuration thereof;

[0048] FIG. 8 is a schematic diagram for illustrating
possible orientation changes in liquid crystal molecules
when an electric field is applied to a liquid crystal layer;
[0049] FIG. 9 is a schematic cross sectional diagram
showing an electric field for application to a liquid crystal
layer in the liquid crystal display device of the first example;
[0050] FIG. 10 is a schematic plan view for use for a
comparison between a previous liquid crystal display device
and the liquid crystal display device in the first example in
terms of orientation change in liquid crystal molecules;
[0051] FIG. 11 is a graph showing the temporal change of
a relative transmittance for illustrating another effect in the
first example;

[0052] FIG. 12 is a schematic diagram for illustrating a
first modified example of the liquid crystal display device in
the first example;

[0053] FIG. 13 is a schematic diagram for illustrating a
second modified example of the liquid crystal display device
in the first example;

[0054] FIG. 14 is a schematic diagram for illustrating a
third modified example of the liquid crystal display device
in the first example;
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[0055] FIG. 15 is a schematic diagram for illustrating a
fourth modified example of the liquid crystal display device
in the first example;

[0056] FIG. 16 is a schematic diagram for illustrating a
fifth modified example of the liquid crystal display device in
the first example;

[0057] FIG. 17 is a schematic diagram for illustrating a
sixth modified example of the liquid crystal display device
in the first example;

[0058] FIG. 18 is a schematic plan view of a pixel elec-
trode of a liquid crystal display device in a second example,
showing the overall configuration thereof;

[0059] FIG. 19 is a schematic plan view of a pixel elec-
trode in an area AR2 of FIG. 18, showing an exemplary
configuration thereof;

[0060] FIG. 20 is a schematic diagram for illustrating a
first modified example of the liquid crystal display device in
the second example;

[0061] FIG. 21 is a schematic diagram for illustrating a
second modified example of the liquid crystal display device
in the second example;

[0062] FIG. 22 is a schematic diagram for illustrating a
first application example of the shape of the pixel electrode
in the second example;

[0063] FIG. 23 is a schematic diagram for illustrating a
second application example of the shape of the pixel elec-
trode in the second example; and

[0064] FIG. 24 is a schematic diagram for illustrating a
third modified example of the liquid crystal display device
in the second example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0065] By referring to the accompanying drawings,
embodiments (examples) of the invention are described in
details below.

[0066] In the drawings for use for describing the
examples, any components sharing the same function is
provided with the same reference numeral, and not described
twice.

[0067] The liquid crystal display device of the invention is
of IPS mode, as a prerequisite, including a flat-shaped
common electrode and a pixel electrode disposed, with an
overlay, on one of a pair of substrates sandwiching therebe-
tween a liquid crystal material, via an insulator layer,
between the common electrode and the pixel electrode when
viewed from above. The pixel electrode is extended in a first
direction, and includes a plurality of comb-like electrode
sections aligned in a second direction orthogonal to the first
direction. In the each of the comb-like electrode sections of
the pixel electrode, for example, the width or position along
the second direction is changed for a plurality of times at
intervals shorter than a side extending in the first direction.
This favorably enables to reduce the response time, and
increases the response characteristics and the performance
of moving image display.

FIRST EXAMPLE

[0068] FIGS. 1to 7 are each a schematic diagram showing
the overall configuration of a liquid crystal display panel for
use in a liquid crystal display device in a first example of the
invention.
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[0069] FIG. 1 is aschematic plan view of the liquid crystal
display panel, showing the overall configuration thereof.
FIG. 2 is a schematic cross sectional view cut along a line
A-A' of FIG. 1. FIG. 3 is a schematic plan view of a TFT
(Thin Film Transistor) substrate of a liquid crystal display
panel in a first example, showing an exemplary pixel con-
figuration therein. FIG. 4 is a schematic cross sectional view
cut along a line B-B' of FIG. 3. FIG. 5 is a schematic cross
sectional view cut along a line C-C' of FIG. 3. FIG. 6 is a
schematic plan view of a pixel electrode in an area AR1 of
FIG. 3, showing an exemplary configuration thereof. FIG. 7
is a schematic plan view of the pixel electrode in the area
AR1 of FIG. 3, showing the actual configuration thereof.
[0070] As shown in FIGS. 1 and 2, for example, the liquid
crystal display device in the first example includes a liquid
crystal display panel configured by a pair of substrates, i.e.,
a first substrate 1 and a second substrate 2, sandwiching a
liquid crystal material (liquid crystal layer) 3 therebetween.
[0071] The first substrate 1 is formed with, on a glass
substrate, a video signal line, a scanning signal line, a TFT
device, a pixel electrode, a common electrode (referred to
also as opposing electrode), and an orientation film, for
example. Hereinafter, the first substrate 1 is referred to as
TFT substrate 1.

[0072] The second substrate 2 is so disposed as to oppose
the TFT substrate 1, and is formed with, on a glass substrate,
an orientation film, for example. If with a liquid crystal
display panel capable of color display, the second substrate
2 is formed with a color filter, for example. Hereinafter, the
second substrate 2 is referred to as opposing substrate 2.
[0073] In the liquid crystal display device in the first
example, a liquid crystal material 3 is with a positive
dielectric anisotropy. A ring-shaped sealing material 4 is
used to attach together the TFT substrate 1 and the opposing
substrate 2 in such a manner as to provide a predetermined
space therebetween. The liquid crystal material 3 is tightly
filled into a space enclosed by the TFT substrate 1, the
opposing substrate 2, and the sealing material 4.

[0074] In the liquid crystal display device in the first
example, a pixel in the TFT substrate 1 is configured as
shown in FIGS. 3 to 5, for example. The outline configu-
ration of the TFT substrate 1 is as below. That is, a glass
substrate 100 is formed with, on the surface, a plurality of
scanning signal lines 101. On the scanning signal lines 101,
a plurality of video signal lines 103 are so provided as to
cross over, three-dimensionally, the scanning signal lines
101 via a first insulator layer 102. An area enclosed by any
two adjacent scanning signal lines 101 and any two adjacent
video signal lines 103 serves as a pixel area. If with a liquid
crystal display panel capable of color display, the pixel area
is referred to as sub pixel, and a plurality of sub pixels are
the unit of dot in the liquid crystal display panel. That is, if
with a liquid crystal display panel capable of RGB color
display, a dot of the liquid crystal display panel is configured
by three sub pixels on the opposing substrate 2, i.e., a sub
pixel with a color filter of R (Red), a sub pixel with a color
filter of G (Green), and a sub pixel with a color filter of B
(Blue).

[0075] The scanning signal lines 101 partially serve as a
gate of the TFT device, and above a predetermined area of
the scanning signal lines 101, a semiconductor layer 104 is
disposed via the first insulator layer 102. The video signal
lines 103 partially serve as a drain of the TFT device, and
each have a branched drain electrode portion 103a in the
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vicinity of the area of the semiconductor layer 104. This
drain electrode portion 103a extends over the semiconductor
layer 104. On the first insulator layer 102, a source electrode
105 is disposed together with the video signal line 103 and
the semiconductor layer 104.

[0076] A pixel electrode 107 is disposed, over a second
insulator layer 106, on the components, i.e., the video signal
line 103, the semiconductor layer 104, and the source
electrode 105. The pixel electrode 107 is electrically con-
nected with the source electrode 105 by a through hole TH1.
The pixel electrode 107 is extended along the direction
along which the scanning signal lines 101 are extended, i.e.,
x direction, and includes a plurality of comb-like electrode
sections 107a aligned in the direction along which the video
signal lines 103 are extended, i.e., y direction.

[0077] On the pixel electrode 107, an orientation film 108
is disposed.
[0078] In the TFT substrate 1 in the liquid crystal display

device in the first example, the glass substrate 100 is
disposed with, on the surface, a flat-shaped common elec-
trode 109, for example. The common electrode 109 is so
disposed as to overlay, when viewed from above, the pixel
electrode 107 via the first and second insulator layers 102
and 106 therebetween. The TFT substrate 1 in the first
example includes common signal lines 110 disposed parallel
to the scanning signal lines 101. In the pixel area, the
common electrodes 109 aligned in the direction along which
the scanning signal lines 101 are extended is electrically
connected by the common signal lines 110. In the TFT
substrate 1 in the first example, an electrical connection is
established with the common electrodes 109 aligned in the
pixel areas in the direction along which the video signal lines
103 are extended. This electrical connection is established
by a conductive pad 111 and a bridge wiring 112, which are
electrically connected at an end portion opposite to the end
connected to the common signal lines 110. The bridge
wiring 112 is formed to the same layer as the pixel electrode
107, and is electrically connected to the common signal lines
110 and the conductive pad 111 by through holes TH2 and
TH3.

[0079] In the pixel electrode 107 of the TFT substrate 1 in
the liquid crystal display device of the first example, as
shown in FIG. 6, for example, a plurality of portions 1075
are protruding, in the y direction, in the side of the comb-like
electrode section 107a extending in the x direction. Such
portions 1075 are hereinafter referred to as protruding
portions. That is, in the pixel electrode 107 of the TFT
substrate 1 in the first example, the width W of the comb-like
electrode section 107a along the y direction shows a change
for a plurality of times at intervals shorter than the side in the
x direction. In the example of FIG. 6, the protruding portions
1075 are each shaped rectangular, but the protruding por-
tions 1075 are actually tapered toward a tip end side as
shown in FIG. 7 because the pixel electrode 107 is formed
by etching. The shape of the comb-like electrode having the
protruding portions each tapered toward the tip end as
shown in FIG. 7 is described by parameters as below. That
is, an electrode width is W for each of the comb-like
electrode sections, and a space is L between the protruding
portions formed to the two sides opposing each other via an
aperture section, i.e., slit, formed between any two of the
comb-like electrode sections. The height, i.e., amplitude of
convex portion, is a for the protruding portions in the y
direction, and the width, i.e., width of convex portion, is b

Oct. 18, 2007

for the protruding portions at the height half of the amplitude
of the convex portion. The space, i.e., pitch of convex
portion, is p for the protruding portions formed to one side
of the comb-like electrode section.

[0080] Described below are the effects and advantages of
the liquid crystal display device in the first embodiment.
Prior thereto, a brief description is given about an orientation
change possibly observed in liquid crystal molecules at the
time of application of an electric field to a liquid crystal
layer.

[0081] FIG. 8 is a schematic diagram for illustrating
possible orientation changes in liquid crystal molecules
when an electric field is applied to a liquid crystal layer. FIG.
8 shows three possible orientation changes in the liquid
crystal molecules. In FIG. 8, the orientation change at the
upper portion is characteristically of splay deformation, the
orientation change at the middle portion is characteristically
of twist deformation, and the orientation change at the lower
portion is characteristically of bend deformation.

[0082] In a general liquid crystal display device, an elec-
tric field is generated due to a potential difference between
a pixel electrode and a common electrode. When the electric
field is applied to a liquid crystal layer, liquid crystal
molecules in the liquid crystal layer are oriented in the
direction of the electric field, i.e., electric line of force, or in
the direction vertical to the electric field. Witha TN (Twisted
Nematic) or IPS (In-Plane Switching) mode, the liquid
crystal molecules are oriented in the direction of the electric
field. With a VA (Vertical Alignment) mode, the liquid
crystal molecules are oriented in the direction vertical to the
electric field.

[0083] At this time, the liquid crystal molecules show,
roughly, three types of orientation change, i.e., splay defor-
mation, twist deformation, and bend deformation. With the
splay deformation, when there is no application of electric
field, for example, liquid crystal molecules 301 are aligned
parallel as shown in the upper left side of FIG. 8. When an
electric field is applied, the orientation change occurs so that
the spaces between the liquid crystal molecules 301 are
increased as shown in the upper right side of FIG. 8.

[0084] With the twist deformation, when there is no appli-
cation of electric field, for example, the liquid crystal
molecules 301 are aligned parallel as shown in the middle
left side of FIG. 8. When an electric field is applied, the
orientation change occurs so that the liquid crystal mol-
ecules 301 are twisted as shown in the middle right side of
FIG. 8.

[0085] With the bend deformation, when there is no appli-
cation of electric field, for example, the liquid crystal
molecules 301 are aligned linearly as shown in the lower left
side of FIG. 8. When an electric field is applied, the
orientation change occurs so that the liquid crystal mol-
ecules 301 are bent as shown in the lower right side of FIG.
8.

[0086] With a liquid crystal display device of IPS mode,
the orientation change of the liquid crystal molecules 301 is
mainly the twist deformation. Assuming that an elastic
constant related to the twist deformation is k,,, a rise
response time tr s and a fall response time tf;,¢ in the
IPS-mode liquid crystal display device are represented as
Equations 1 and 2 below, for example. For example, refer to
Reference Document “Liquid Crystal”, 5, pp. 327 to 335
(2001).
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[Formula 1]
_ yl (Equations 1)
TIPS = ReE — (2 [ dDkgm
vl L2 (Equations 2)
tips = Py

[0087] With a liquid crystal display device of ECB (Elec-
trically Controlled Birefringence) mode, the orientation
change of the liquid crystal molecules 301 is mainly the
splay deformation. Assuming that an elastic constant related
to the splay deformation is k, |, a rise response time tr, . and
a fall response time tf;; in the ECB-mode liquid crystal
display device are represented as Equations 3 and 4 below
according to the above-described Reference Document.

[Formula 2]

p _ vl (Equations 3)
TECB = SRR — (72 [Pk,

1-d* (Equations 4)
Ueep = ;lz—ku
[0088] With a liquid crystal display device of VA mode,

the orientation change of the liquid crystal molecules 301 is
mainly the bend deformation. Assuming that an elastic
constant related to the bend deformation is k,;, a rise
response time tr,, and a fall response time tf,, in the
VA-mode liquid crystal display device are represented as
Equations 5 and 6 below according to the above-described
Reference Document.

[Formula 3]

vl (Equations 5)

VA = AE? — (7 [0k

y1-d* (Equations 6)
fys = o
[0089] With aliquid crystal display device of TN mode, no

one specific deformation occurs, and the deformations of
splay, twist, and bend are all possible for molecule orienta-
tion. Assuming that an elastic constant related to the defor-
mation observed in the orientation of the liquid crystal
molecules 301 in the TN mode is K, the elastic constant K
is represented as, according to the above Reference Docu-
ment, K=K, +(k;5-2'k,,)/4. In the TN-mode liquid crystal
display device, a rise response time tr,, and a fall response
time tf;, are represented as Equations 7 and 8 below
according to the above-described Reference Document.

[Formula 4]

o 7yl (Equations 7)
'm = S0AcE? — (m2 [ d2)K
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-continued
yl-d? (Equations 8)
Uy = K

K=k +(ks3 —2-kp) /4

[0090] According to the above-described Reference Docu-
ment, the elastic constant k,, related to the twist deformation
is of about one half to one third of the elastic constant k,
related to the splay deformation and the elastic constant k;,
related to the bend deformation. As is evident from the
equations 1 to 8, the rise and fall response times are
inversely proportional to the value of the elastic constant,
i.e., a larger elastic constant leads to a shorter response time.
Therefore, in the IPS-mode liquid crystal display device
mainly with the twist deformation, the rise and fall response
times are twice or three times longer than those in the liquid
crystal display devices of TN mode, VA mode, and ECB
mode.

[0091] In consideration thereof, in the liquid crystal dis-
play device in the first example, the comb-like electrode
sections 107a in the pixel electrode 107 are so shaped as to
have the protruding portions 1075 as shown in FIG. 7. The
comb-like electrode sections 107a formed as such induce
splay or bend deformation, thereby favorably reducing the
rise and fall response times.

[0092] FIGS. 9 and 10 are each a schematic diagram for
illustrating the effects and advantages of the liquid crystal
display device in the first example. FIG. 9 is a schematic
cross sectional diagram showing an electric field for appli-
cation to the liquid crystal layer in the liquid crystal display
device of the first example. FIG. 10 is a schematic plan view
for use for a comparison between a previous liquid crystal
display device and the liquid crystal display device in the
first example in terms of orientation change in liquid crystal
molecules. Note that, in FIG. 10, the upper portion shows a
schematic plan view of liquid crystal molecules in the
previous liquid crystal display device, showing their orien-
tation change thereof, and the lower portion shows a sche-
matic plan view of liquid crystal molecules in the liquid
crystal display device in the first example, showing the
orientation change thereof.

[0093] As exemplarily shown in FIG. 9, in the liquid
crystal display device in the first example, the flat-shaped
common electrode 109 is formed thereon with the pixel
electrodes 107, i.e., comb-like electrode sections 1074, via
the insulator layers 102 and 106. On the pixel electrodes
107, the liquid crystal layer 3 is disposed via an orientation
film that is not shown.

[0094] In this configuration, when a potential difference is
generated between the comb-like electrode sections 107a,
i.e., the pixel electrodes 107, and the common electrode 109,
an electric field E, i.e., electric lines of force 5, of FIG. 9 is
generated. At this time, because the electric lines of force 5
gather at the end portions of the comb-like electrode sections
107a, the orientation of the liquid crystal molecules 301
located above the end portions can be greatly changed. For
this reason, the liquid crystal molecules 301 at the end
portions of the comb-like electrode sections 107a are
observed for their orientation change in both the previous
liquid crystal display device and the liquid crystal display
device in the first example. The comb-like electrode sections
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107a in the previous liquid crystal molecules 301 display
device have no protruding portion. The result looks like
shown in FIG. 10.

[0095] In the previous liquid crystal display device in
which the comb-like electrode sections 107a have no pro-
truding portion, when no electric field is applied to a liquid
crystal layer, as shown in the upper left side of FIG. 10, the
liquid crystal molecules are tilted about 5 to 20 degrees in
the direction along which the comb-like electrode sections
107a are extended, i.e., X direction. This is almost the same
directions 6a and 65 of rubbing to the orientation film. Note
that the rubbing direction 6a for the orientation film of the
TFT substrate 1 is opposite, i.e., antiparallel, to the rubbing
direction 6b for the orientation film of the opposing substrate
2.

[0096] Also in the previous liquid crystal display device in
which the comb-like electrode sections 107a have no pro-
truding portion, when an electric field is applied to a liquid
crystal layer, the liquid crystal molecules 301 are twisted and
show an orientation change as shown in the upper right side
of FIG. 10. In the previous liquid crystal display device,
because the end portions, i.e., the sides, of the comb-like
electrode sections 107a are formed simply linear, the electric
field, i.e., the electric lines of force 5, is directed in almost
the same direction when viewed from positions along the x
direction. As such, the orientation of the liquid crystal
molecules 301 is changed similarly over the entire end
portions of the comb-like electrode sections 107a.

[0097] In the liquid crystal display device in the first
example, when no electric field is applied to a liquid crystal
layer, as shown in the lower left side of FIG. 10, the liquid
crystal molecules 301 are so oriented as to be almost parallel
to the direction along which the comb-like electrode sections
107a are extended, i.e., X direction. This is almost the same
directions 6a and 65 of rubbing to the orientation film.

[0098] Also in the liquid crystal display device in the first
example, when an electric field is applied to a liquid crystal
layer, the orientation of the liquid crystal molecules 301 is
changed as shown in the lower right of FIG. 10. In the liquid
crystal display device in the first example, the sides of the
comb-like electrode sections 107a are not oriented in the x
direction in the vicinity of the protruding portions 1076 of
the comb-like electrode sections 107a. In the vicinity of the
protruding portions 1075, the electric lines of force 5 are
also changed in direction to match the orientation of the
sides so that the orientation of the liquid crystal molecules
301 is changed. As such, the liquid crystal molecules 301
located above the protruding portions 1075 show the splay
deformation as in areas AR2 and AR3 in the lower right of
FIG. 10. The liquid crystal molecules located between any
two protruding portions 1075 show the bend deformation as
in an area AR4 in the lower right of FIG. 10. That is, the
elastic constant related to the orientation change of the liquid
crystal molecules 301 for the portions includes not only the
elastic constant k,, but also the elastic constants k,; and k3,
and thus is larger than the elastic constant in the previous
IPS-mode liquid crystal display device. Here, the elastic
constant k,, is the one related to the twist deformation, the
elastic constant k,, is the one related to the splay deforma-
tion, and the elastic constant k5, is the one related to the bend
deformation. As a result, the rise and fall response times are
shortened as are inversely proportional to the elastic con-
stant.
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[0099] FIG. 11 is a graph showing the temporal change of
a relative transmittance for illustrating another effect in the
first example.

[0100] As described in the foregoing, the previous IPS-
mode liquid crystal display device has the problem of longer
response time compared with a VA-mode liquid crystal
display device. This problem resultantly causes another
problem of, if a display change is made from high trans-
mittance to low transmittance, taking a longer time for the
transmittance to fall and reach a predetermined value.
[0101] The previous liquid crystal display device of IPS
mode and a liquid crystal display device of TN mode are
observed for their temporal changes in the relative trans-
mittance. The result looks like shown in FIG. 11. FIG. 11 is
a graph showing a response curve of the TN liquid crystal
display device together with that of the IPS-mode liquid
crystal display device.

[0102] The response curves of FIG. 11 tell that the
response time of the IPS mode (indicated by a solid line) is
longer than the response time of the TN mode (indicated by
a dotted line), i.e., with a relatively short temporal difference
of about 0.1 second. The response time indicates the length
of time taken for the relative transmittance to reach 100%
after the transmittance change from the state of 0% to the
state of 100%.

[0103] If with the transmittance change from the state of
0% to the state of 100%, on the other hand, the response
curves of FIG. 11 tell the comparison result that the response
time to reach the transmittance of 100% of the IPS mode
(indicated by a solid line) is longer than the response time of
the TN mode (indicated by a dotted line), i.e., longer about
0.2 to 0.3 seconds. The time taken for the relative transmit-
tance to reach 0% from the level of about 10% is especially
long. That is, the previous IPS-mode liquid crystal display
device has a problem of, if a display change is made from
white display to black display, taking a longer time to have
the black display compared with a TN-mode liquid crystal
display device.

[0104] Such a problem about the display change is related
to the size, i.e., increase ratio, of an elastic energy when
liquid crystal molecules shows an orientation change in
response to application of an electric field to a liquid crystal
layer. The elastic energy f,,, as a result of the orientation
change occurred to the liquid crystal molecules is repre-
sented as the following equation 9, where an elastic constant
related to the splay deformation is k,,, an elastic constant
related to the twist deformation is k,,, and an elastic
constant related to the bend deformation is k5.

[Formula 5]

1 1 1 Equati
oo = S (¥ 1+ Shonl Vx4 Shag(x (Tt (O

[0105] With the previous IPS-mode liquid crystal display
device, the orientation change observed in liquid crystal
molecules is mainly the twist deformation. The equation 9
thus can be approximated as the following equation 10.

[Formula 6]

! Equati 10
Jeta = jkzz(n-vxn)z (Equations 10)
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[0106] As described in the foregoing, the elastic constant
k,, related to the twist deformation is of about one half to
one third of the elastic constant k,, related to the splay
deformation and the elastic constant k5 related to the bend
deformation. For this reason, in the previous IPS-mode
liquid crystal display device, the elastic energy is lower than
in a VA-mode liquid crystal display device mainly with the
bend deformation and in a TN-mode liquid crystal display
device with the mixture of splay, twist, and bend deforma-
tions. As a result, in the previous IPS-mode liquid crystal
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7, and the space L is of between the protruding portions 1076
formed to the two sides opposing each other via an aperture
section, i.e., slit, formed between any two comb-like elec-
trode sections 107a. The height a is of the protruding portion
10754 in the y direction, i.e., amplitude of convex portion, the
width b is of the protruding portion 1075 at half of the height
of the amplitude of convex portion, i.e., width of convex
portion, and the interval p is of between the protruding
portions 1075 formed to one side of the comb-like electrode
section 107a, i.e., pitch of convex portion. Table 1 shows an
exemplary result of the comparison.

TABLE 1

Table 1: PIXEL ELECTRODE SHAPED AS SHOWN IN FIG. 7; SHAPE-RESPONSE
TIME-TRANSMITTANCE RELATIONSHIP

PIXEL RUBBING RESPONSE
ELECTRODE ANGLE W a b P L dp TIME TRANSMITTANCE
SHAPE ©) m) (m) (@m) @m) (m) (m)  (ms) %)
EXAMPLE 1 10 4 2 2 4 6 0 26 6.6
(FIG. 7) 0 4 3 3 6 5 0 17 53

0 4 4 5 10 4 0 13 4.6
PREVIOUS 10 4 — — — 6 — 33 6.6
EXAMPLE

display device, the resilience related to the increase of an
elastic energy is low, and after the application of an electric
field, it thus takes long for any orientation-changed liquid
crystal molecules to be back to their original orientation
under no application of electric field.

[0107] On the other hand, in the liquid crystal display
device in the first example, the comb-like electrode sections
107a of the pixel electrode are provided with the protruding
portions 1075, and the comb-like electrode sections 107a
formed as such induce splay or bend deformation to the
orientation of the liquid crystal molecules 301 in the vicinity
of the protruding portions 1075. As such, the elastic energy
in the liquid crystal display device in the first example is
represented as the equation 9, and compared with the
previous IPS-mode liquid crystal display device, the
increase ratio is increased for the elastic energy as a result
of orientation change occurred to the liquid crystal mol-
ecules 301. This accordingly increases the resilience for the
liquid crystal molecules in terms of orientation, and after the
application of an electric field, the time can be reduced for
any orientation-changed liquid crystal molecules to be back
to their original orientation under no application of electric
field.

[0108] As such, with the IPS-mode liquid crystal display
device in the first example, the response time can be reduced
and the performance of moving image display can be
improved compared with the previous IPS-mode liquid
crystal display device.

[0109] The inventors of the invention, in the liquid crystal
display device in the first example, conduct a study of the
relationship among the shape, the response characteristics,
and the transmittance of the comb-like electrode sections
107a of the pixel electrode 107 formed with the protruding
portions 10756 as shown in FIG. 7. To be specific, the
response time and transmittance are subjected to a compari-
son by varying the values of the electrode width W, the space
L, the height a, the width b, and the interval p. The electrode
width W is of the come-like electrode section 107a of FIG.

[0110] Note that the response time and the transmittance
are both examined by a computer simulation. With the
model used for the simulation, the common electrode 109
has the coating thickness of 140 nm, the pixel electrode 107
has the coating thickness of 77 nm, the thickness is 700 nm
for both the first and second insulator layers 102 and 106
disposed via the common and pixel electrodes 109 and 107,
and the orientation film 108 has the film thickness of 100
nm. The liquid crystal material 3 has a dielectric anisotropy
Ae of 4.0, a birefringence anisotropy An of 0.103, a rotation
viscosity y1 of 67 (mPa-s), and an NI point of 70.5° C. The
liquid crystal layer has the thickness, i.e., cell gap, of 4.0 pm.
[0111] Table 1 also shows, for comparison use, the
response time and the transmittance in the previous IPS-
mode liquid crystal display device including no protruding
portion.

[0112] Insome cases, Table 1 shows that the response time
is shortened but the transmittance remains the same com-
pared with the previous IPS-mode liquid crystal display
device. The cases include when the electrode width W and
the space L between the protruding portions 1075 are set to
the values of the previous device, and the rubbing angle is
set to 10 degrees as is the same as the previous device, and
when the protrusion potion 1075 is provided at intervals of
4 um, i.e., convex-portion pitch p=4 um. The protruding
portion 10756 here has the convex-portion amplitude a of 2
um and the convex-portion width b of 2 pm.

[0113] If the electrode width W stays the same but the
convex-portion amplitude a and the convex-portion width b
are both increased, and the space L is reduced for the
protruding portions 1075, the response time is reduced to a
further extent, and the transmittance is accordingly reduced.
[0114] That is, in the liquid crystal display device in the
first example, the protruding portions 1075 provided to the
comb-like electrode section 107a of the pixel electrode are
preferably defined by the shape in consideration of the
relationship among three shape parameters of a, b, and p-b,
the fall response characteristics, and the transmittance.
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[0115] FIG. 12 is a schematic diagram for illustrating a
first modified example of the liquid crystal display device in
the first example. Note that, similarly to FIG. 7, FIG. 12 is
a schematic plan view of the pixel electrode in the area AR1
of FIG. 3, showing only the configuration thereof.
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107¢ at half of the height of the amplitude of convex portion,
ie,, width of concave portion, and the interval p is of
between the concave portions 107¢ formed to one side of the
comb-like electrode section 107a, i.e., pitch of concave
portion. Table 2 shows an exemplary result of the compari-
son.

TABLE 2

Table 2: PIXEL ELECTRODE SHAPED AS SHOWN IN FIG. 12; SHAPE-RESPONSE
TIME-TRANSMITTANCE RELATIONSHIP

PIXEL RUBBING RESPONSE
ELECTRODE ANGLE W a b p L & TIME TRANSMITTANCE
SHAPE ©) (um)  (um)  (um)  (um)  (um)  (um) (ms) (%)
EXAMPLE 1 10 4 2 2 4 6 0 28 6.6
(FIG. 12) 0 4 3 3 6 5 0 19 59

0 4 4 5 10 4 0 15 4.9
PREVIOUS 10 4 - — — 6 — 33 6.6
EXAMPLE

[0116] In the liquid crystal display device in the first [0118] Note that the response time and the transmittance

example, as shown in FIG. 7, for example, the protruding
portions 1075 are protruded in the y direction from a side
along which the comb-like electrode sections 107a of the
pixel electrode 107 are extended, i.e., x direction, so that the
comb-like electrode sections 107a are varied in width in the
y direction. The comb-like electrode sections 107a formed
as such induce splay or bend deformation to the orientation
of the liquid crystal molecules. To induce splay or bend
deformation to the orientation of the liquid crystal mol-
ecules, providing the protruding portions 1075 as such is not
the only option, and as shown in FIG. 12, for example, the
comb-like electrode section 107a with the electrode width of
W may be formed with a concave portion 107¢, which is
recessed in the y direction. With this being the case, i.e., the
comb-like electrode section 1074 is formed with the concave
portion 107¢, the splay and bend deformations are induced
as in the case of including the protruding portions 1075
because the side of the comb-like electrode section 107a
along the x direction is changed in direction due to the
concave portion 107¢. As a result, compared with the
previous IPS-mode liquid crystal display device including
no concave portion 107¢, the response time is accordingly
reduced.

[0117] In consideration thereof, the inventors of the inven-
tion conduct a study of the relationship among the shape, the
response characteristics, and the transmittance of the comb-
like electrode sections 107a of the pixel electrode 107
formed with the concave portions 107¢ as shown in FIG. 12.
To be specific, the response time and transmittance are
subjected to a comparison by varying the values of the
electrode width W, the space L, the depth a, the width b, and
the interval p. The electrode width W is of the come-like
electrode section 1074, and the space L is of between the
concave portions 107¢ formed to the two sides opposing
each other via an aperture section, i.e., slit, formed between
any two comb-like electrode sections 107a. The depth a is of
the concave portion 107¢ in the y direction, i.e., amplitude
of concave portion, the width b is of the concave portion

are both examined by a computer simulation. With the
model used for the simulation, the common electrode 109
has the coating thickness of 140 nm, the pixel electrode 107
has the coating thickness of 77 nm, the thickness is 700 nm
for both the first and second insulator layers 102 and 106
disposed via the common and pixel electrodes 109 and 107,
and the orientation film 108 has the film thickness of 100
nm. The liquid crystal material 3 has a dielectric anisotropy
Ae of 4.0, a birefringence anisotropy An of 0.103, a rotation
viscosity y1 of 67 (mPa-s), an NI point of 70.5° C. The liquid
crystal layer has the thickness, i.e., cell gap, of 4.0 um.
[0119] Table 2 also shows, for comparison use, the
response time and the transmittance in the previous IPS-
mode liquid crystal display device including no protruding
portion.

[0120] Insome cases, Table 2 shows that the response time
is shortened but the transmittance remains the same com-
pared with the previous IPS-mode liquid crystal display
device. The cases include when the electrode width W and
the space L between the concave portions 107¢ are set to the
values of the previous device, and the rubbing angle is set to
10 degrees as is the same as the previous device, and when
the concave potion is provided at intervals of 4 um. The
convex portion 107¢ here has the concave-portion amplitude
a of 2 pm and the concave-portion width b of 2 um.
[0121] If the electrode width W stays the same but the
concave-portion amplitude a and the concave-portion width
b are both increased, and the space L is reduced for the
concave portions 107¢, the response time is reduced to a
further extent, and the transmittance is accordingly reduced.
[0122] That is, similarly to the case of including the
protruding portions 1075, when the comb-like electrode
sections 107a of the pixel electrode are each formed with the
concave portions 107¢ of FIG. 12, the response time can be
also reduced, and the performance of moving image display
can be improved for the IPS-mode liquid crystal display
device.

[0123] FIG. 13 is a schematic diagram for illustrating a
second modified example of the liquid crystal display device
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in the first example. FIG. 14 is a schematic diagram for
illustrating a third modified example of the liquid crystal
display device in the first example. Note that, similarly to
FIG. 7, FIGS. 13 and 14 are each a schematic plan view of
the pixel electrode in the are a AR1 of FIG. 3, showing only
the configuration thereof.

[0124] In the liquid crystal display device in the first
example, as shown in FIG. 7, for example, the protruding
portions 1075 are protruded from each of the two sides along
which the comb-like electrode sections 107a of the pixel
electrode 107 are extended, i.e., x direction. This is surely
not restrictive, and as shown in FIG. 13, the protruding
portions 1075 may be provided only to one of the two sides
along which the comb-like electrode sections 107a of the
pixel electrode 107 are extended, i.e., x direction. Similarly,
as shown in FIG. 14, for example, the concave portions 107¢
may be provided only to one of the two sides along which
the comb-like electrode sections 107a of the pixel electrode
107 are extended, i.e., x direction. If this is the case,
desirably, the comb-like electrode sections 1074 are formed
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protruding portions 10756 as shown in FIG. 15. To be
specific, the response time and transmittance are subjected
to a comparison by varying the values of the electrode width
W, the space L, the height a, the width b, the interval p, and
a misalignment dp. The electrode width W is of the come-
like electrode section 1074, and the space L is of between the
protruding portions 1075 formed to the two sides opposing
each other via an aperture section, i.e., slit, formed between
any two comb-like electrode sections 107a. The height a is
of the concave portion 1075 in the y direction, i.e., amplitude
of convex portion, the width b is of the convex portion 10756
at half of the height of the amplitude of convex portion, i.e.,
width of convex portion, and the interval p is of between the
protruding portions 1075 formed to one side of the comb-
like electrode section 107a, i.e., pitch of concave portion.
The misalignment dp is of between the two protruding
portions 1075 of the comb-like electrode section 107a when
viewed from the x direction. Table 3 shows an exemplary
result of the comparison.

TABLE 3

Table 3: PIXEL ELECTRODE SHAPED AS SHOWN IN FIG. 15; SHAPE-RESPONSE

TIME-TRANSMITTANCE RELATIONSHIP

PIXEL RUBBING RESPONSE

ELECTRODE ANGLE a b P L op TIME TRANSMITTANCE
SHAPE ) m) (m) @m) @m) (m) (m)  (ms) )
EXAMPLE 1 0 3 3 6 5 1.5 22 59

(FIG. 15) 0 4 5 10 4 2.5 18 4.6
PREVIOUS 10 — — — 6 — 33 6.6
EXAMPLE

as shown in FIGS. 13 and 14, e.g., formed with the pro-
truding portions 1075 or the concave portions 107¢ only in
one of the two sides opposing each other via a slit formed
between any two adjacent comb-like electrode sections
107a.

[0125] FIG. 15 is a schematic diagram for illustrating a
fourth modified example of the liquid crystal display device
in the first example. Note that, similarly to FIG. 7, FIG. 15
is a schematic plan view of the pixel electrode in the area
AR1 of FIG. 3, showing only the configuration thereof.
[0126] In the liquid crystal display device in the first
example, as shown in FIG. 7, for example, the two protrud-
ing portions 1075 opposing each other via a slit formed
between any two adjacent comb-like electrode sections 107a
are aligned when viewed from the x direction. This is surely
not restrictive, and as shown in FIG. 15, for example, the
two protruding portions 1076 opposing each other via a slit
formed between any two adjacent comb-like electrode sec-
tions 107a may be misaligned, when viewed from the x
direction, by an amount of the interval; dp smaller than the
interval p between the protruding portions 1075 on one side.
Note here that the misalignment dp observed in the protrud-
ing portions when viewed from the x direction is preferably
one half of the interval p, i.e., p/2, between the protruding
portions 1075 on one side. This is surely not restrictive, and
the misalignment may be arbitrary.

[0127] The inventors of the invention conduct a study of
the relationship among the shape, the response characteris-
tics, and the transmittance of the comb-like electrode sec-
tions 107a of the pixel electrode 107 formed with the

[0128] Note that the response time and the transmittance
are both examined by a computer simulation. With the
model used for the simulation, the common electrode 109
has the coating thickness of 140 nm, the pixel electrode 107
has the coating thickness of 77 nm, the thickness is 700 nm
for both the first and second insulator layers 102 and 106
disposed via the common and pixel electrodes 109 and 107,
and the orientation film 108 has the film thickness of 100
nm. The liquid crystal material 3 has a dielectric anisotropy
Ae of 4.0, a birefringence anisotropy An of 0.103, a rotation
viscosity y1 of 67 (mPa-s), and an NI point of 70.5° C. The
liquid crystal layer has the thickness, i.e., cell gap, of 4.0 pm.
[0129] Table 3 also shows, for comparison use, the
response time and the transmittance in the previous IPS-
mode liquid crystal display device including no protruding
portion.

[0130] As is known from the result of Table 3, even if the
two protruding portions 1075 opposing each other via a slit
are misaligned by the distance dp when viewed from the x
direction, similarly to the case with no misalignment, the
response time can be reduced, and the performance of
moving image display can be improved for the IPS-mode
liquid crystal display device.

[0131] FIG. 16 is a schematic diagram for illustrating a
fifth modified example of the liquid crystal display device in
the first example. Note that, similarly to FIG. 7, FIG. 16 is
a schematic plan view of the pixel electrode in the area AR1
of FIG. 3, showing only the configuration thereof.

[0132] In the liquid crystal display device in the first
example, as shown in FIG. 7, for example, only the pro-
truding portions 1075 are provided to the two sides along the
x direction of the comb-like electrode sections of the pixel
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electrode. In the first modified example of FIG. 12, for
example, only the concave portions 107¢ are provided to the
two sides along the x direction of the comb-like electrode
sections 107a. In the liquid crystal display device in the first
example, however, the pixel electrode is not restrictive to
such shapes, i.e., formed with only the protruding portions
1075 or only the concave portions 107¢. Alternatively, as
shown in FIG. 16, for example, the protruding portion 1075
and the concave portion 107¢ may be alternately provided to
each of the two sides of the comb-like electrode section
107a. If this is the case, the protruding portions 1075 and the
concave portions 107¢ formed to the two sides of the
comb-like electrode section 107a are to be respectively
aligned when viewed from the x direction. Still alternatively,
the protruding portions 1075 and the concave portions 107¢
formed to the two sides opposing via a slit are to be
alternately aligned when viewed from the x direction.
[0133] The inventors of the invention conduct a study of
the relationship among the shape, the response characteris-
tics, and the transmittance of the comb-like electrode sec-
tions 107a of the pixel electrode 107 formed with the
protruding portions 1075 and the concave portion 107¢ as
shown in FIG. 16. To be specific, the response time and
transmittance are subjected to a comparison by varying the
values of the electrode width W, the space L, the height a,
the width b, and the interval p. The electrode width W is of
the come-like electrode section 1074, and the space L is of
between the protruding portion 1075 and the concave por-
tion 107¢ formed to the two sides opposing each other via an
aperture section, i.e., slit, formed between any two comb-
like electrode sections 107a. The height a is of the protrud-
ing portion 1075 and of the concave portion 107¢ in the y
direction, i.e., amplitude of convex portion and of concave
portion, the width b is of the protruding portion 1075 and of
the concave portion 107¢ at half of the height of the
amplitude of convex portion, i.e., width of convex portion
and of concave portion, and the interval (pitch) p is of
between the protruding portion 1075 and the concave por-
tion 107¢ formed to one side of the comb-like electrode
section 1075. Table 4 shows an exemplary result of the
comparison.

TABLE 4
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Ae of 4.0, a birefringence anisotropy An of 0.103, a rotation
viscosity y1 of 67 (mPa-s), and an NI point of 70.5° C. The
liquid crystal layer has the thickness, i.e., cell gap, of 4.0 pm.

[0135] Table 4 also shows, for comparison use, the
response time and the transmittance in the previous IPS-
mode liquid crystal display device including no protruding
portion.

[0136] As is known from the result of Table 4, similarly to
the case only with the protruding portions 10756 or with the
concave portions 107¢, alternately including the protruding
portions 1075 and the concave portions 107¢ can also reduce
the response time, and improve the performance of moving
image display for the IPS-mode liquid crystal display
device.

[0137] FIG. 17 is a schematic diagram for illustrating a
sixth modified example of the liquid crystal display device
in the first example. Note that, similarly to FIG. 7, FIG. 17
is a schematic plan view of the pixel electrode in the area
AR1 of FIG. 3, showing only the configuration thereof.

[0138] In the description so far, with the liquid crystal
display device in the first example, the comb-like electrode
section 107a of the pixel electrode 107 is changed in width
in the y direction for a plurality of times. This width change
is made by providing the protruding portions 1075 or the
concave portions 107¢ to the two sides, in the x direction, of
the comb-like electrode section 107a of the pixel electrode
107. The shape of the comb-like electrode sections 1075 is
not restrictive thereto, i.e., width change. Alternatively, the
comb-like electrode sections 107a may be misaligned for a
plurality of times at intervals shorter than the side in the x
direction when viewed from the y direction. For such a
shape, as shown in FIG. 17, possibly considered is the shape
that one of the two sides of the comb-like electrode section
107a may be provided with the protruding portions 1075,
and the other side may be provided with the concave
portions 107¢. In the resulting comb-like electrode section
107a, the protruding portions 1075 and the concave portions
107¢ are to be aligned when viewed from the x direction.
With such a shape, assuming that the electrode width of the
comb-like electrode section 107a is W, the width at the

Table 4: PIXEL ELECTRODE SHAPED AS SHOWN IN FIG. 16; SHAPE-RESPONSE

TIME-TRANSMITTANCE RELATIONSHIP

PIXEL RUBBING RESPONSE
ELECTRODE ANGLE W a b p L & TIME TRANSMITTANCE
SHAPE ©) (pm)  (um) (um) (um) (um) (um) (ms) (%)
EXAMPLE 1 0 4 3 5 10 4 0 23 5.8

(FIG. 16) 0 4 5 5 15 4 0 17 5.5
PREVIOUS 10 4 — - — 6 — 33 6.6
EXAMPLE

[0134] Note that the response time and the transmittance
are both examined by a computer simulation. With the
model used for the simulation, the common electrode 109
has the coating thickness of 140 nm, the pixel electrode 107
has the coating thickness of 77 nm, the thickness is 700 nm
for both the first and second insulator layers 102 and 106
disposed via the common and pixel electrodes 109 and 107,
and the orientation film 108 has the film thickness of 100
nm. The liquid crystal material 3 has a dielectric anisotropy

position where the protruding portions 1075 and the concave
portions 107¢ are provided will be also W when viewed
from the y direction.

[0139] When the comb-like electrode is so shaped as
shown in FIG. 17, the splay and bend deformations are also
induced to the orientation of liquid crystal molecules in the
vicinity of the protruding portions 1075 and the concave
portions 107¢. Accordingly, compared with the previous
IPS-mode liquid crystal display device, the response time
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can be reduced, and the performance of moving image
display can be improved.

[0140] Although no detailed description will be given, in
the liquid crystal display device in the first example, the
comb-like electrode section 107a is surely shaped variously
based on the shapes shown in FIGS. 7, and 12 to 17.

SECOND EXAMPLE

[0141] FIGS. 18 and 19 are each a schematic plan view of
a pixel electrode of a liquid crystal display device in a
second example, showing the overall configuration thereof.
FIG. 18 is a schematic plan view of the pixel electrode in the
liquid crystal display device in the second example, showing
the overall configuration thereof. FIG. 19 is a schematic plan
view of a pixel electrode in an area ARS of FIG. 18, showing
an exemplary configuration thereof.

[0142] In the pixel electrode 107 in the liquid crystal
display device of the first example, the comb-like electrode
sections 107a are extended in the direction along which the
scanning signal lines 101 are extended, i.e., x direction, and
are aligned in the direction along which the video signal
lines 103 are extended, i.e., y direction. The issue here is
that, in the pixel electrode 107 having the comb-like elec-
trode sections 107a, the comb-like electrode sections 107a
are not necessarily extended in the x direction, and may be
extended diagonally to the x direction. In the second
example, described now is an exemplary configuration of
the pixel electrode 107 in which the comb-like electrode
sections 107a are extended diagonally to the x direction.
[0143] Note that, in the liquid crystal display device in the
second example, the shape, i.e., configuration, of the pixel
electrode 107 is the only difference from the liquid crystal
display device in the first example. Therefore, no description
is given for the overall configurations of the liquid crystal
display device and panel, and the pixel configuration of the
TFT substrate 1, and the like.

[0144] In the pixel electrode 107, the comb-like electrode
sections 107a extended diagonally to the x direction may be
shaped substantially like a letter [, and may be aligned in the
y direction as shown in FIG. 18, for example. In this case,
assuming that the comb-like electrode sections 107a are
each divided into two parts by a center line M1 viewed from
the x direction. In the resulting left part of the center line M1,
the comb-like electrode sections 107a extending in a ul
direction are considered as being aligned in a v1 direction,
which is orthogonal to the ul direction. In the resulting right
part of the center line M1, the comb-like electrode sections
107a extending in a u2 direction are considered as being
aligned in a v2 direction, which is orthogonal to the u2
direction.

[0145] If with the pixel electrode 107 of FIG. 18, in the left
part of the center line M1, the protruding portions 1075 are
provided to the side of each of the comb-like electrode
sections 107a along the ul direction as shown in FIG. 19, for
example. When provided to the comb-like electrode sections
107a, the two protruding portions 1075 are so aligned, when
viewed from the ul direction, with others opposing thereto
via a slit, for example. With this configuration, the ul and v1
directions of the comb-like electrode sections 107a of FIG.
19 match the x and y direction of the comb-like electrode
sections 107a of FIG. 7. Although not shown, for the right
area of the center line M1, the comb-like electrode sections
107a shaped as shown in FIG. 19 are flipped horizontally so
that the u2 and v2 directions of the comb-like electrode
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sections 107a match the x and y direction of the comb-like
electrode sections 107a of FIG. 7. As such, also in the liquid
crystal display device in the second example, compared with
the previous IPS-mode liquid crystal display device, the
response time can be reduced, and the performance of
moving image display can be improved.

[0146] Although not shown or described in detail, also in
the liquid crystal display device in the second example, the
comb-like electrode sections 107a may be provided with the
concave portions 107¢ as alternative to the protruding por-
tions 1075.

[0147] FIG. 20 is a schematic diagram for illustrating a
first modified example of the liquid crystal display device in
the second example. FIG. 21 is a schematic diagram for
illustrating a second modified example of the liquid crystal
display device in the second example. Similarly to FIG. 19,
FIGS. 20 and 21 are each a schematic plan view of the pixel
electrode in the area AR5 of FIG. 18, showing only the
configuration thereof.

[0148] The pixel electrode 107 in the liquid crystal display
device in the second example is, essentially, shaped equiva-
lently to the pixel electrode 107 in the liquid crystal display
device in the first example, and an only difference therebe-
tween is which direction the comb-like electrode sections
107a are directed. Accordingly, also in the pixel electrode in
the second example, the protruding portions 1075 are surely
provided only to one of the two sides of the comb-like
electrode sections 107a along the ul direction as shown in
FIG. 20, for example. Although not shown, surely, the
concave portions 107¢ are surely provided only to one of the
two sides of the comb-like electrode sections 107a along the
ul direction.

[0149] Ifthe protruding portions 1075 are provided to both
of the two sides of the comb-like electrode section 107a
along the ul direction, the protruding portions 1075 on the
two sides opposing each other via a slit are surely misaligned
by the interval dp as shown in FIG. 21, for example.
[0150] Although not shown or described in detail, also in
the liquid crystal display device in the second example, the
two sides of the comb-like electrode sections 107a along the
ul direction may be shaped as shown in FIGS. 12 to 17, or
shaped differently based on such shapes.

[0151] FIG. 22 is a schematic diagram for illustrating a
first application example of the shape of the pixel electrode
in the second example. FIG. 23 is a schematic diagram for
illustrating a second application example of the shape of the
pixel electrode in the second example.

[0152] In the pixel electrode 107 in the liquid crystal
display device in the second example, characteristically, the
comb-like electrode sections 1074 are extended in the direc-
tion different from the scanning signal lines 101, i.e., X
direction. The pixel electrode 107 in which the comb-like
electrode sections 107a are extended diagonally to the
direction along which the scanning signal lines 101 are
extended, i.e., x direction, is not restrictive to the shape of
FIG. 18, and various other shapes are so far proposed.
[0153] Inthe pixel electrode 107, the comb-like electrodes
107a extended diagonally to the direction along which the
scanning signal lines 101 are extended, i.e., x direction, may
be simply extended, as shown in FIG. 22, in the u2 direction,
for example. Also in this case, the direction along which the
comb-like electrode sections 107a are extended, i.e., u2
direction, is regarded as the direction along which the
comb-like electrode sections 107a are extended in the first
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example 1, i.e., x direction. Similarly, the v2 direction
orthogonal to the u2 direction is regarded as the direction
along which the comb-like electrode sections 107a are
extended in the first example 1, i.e., y direction, and the
comb-like electrode sections 107a are provided with the
protruding portions 1075 or the concave portions 107¢. This
favorably reduces the response time, and improves the
performance of moving image display compared with the
previous IPS-mode liquid crystal display device.

[0154] In the pixel electrode 107, the comb-like electrodes
107a simply extended diagonally to the direction along
which the scanning signal lines 101 are extended, i.e., X
direction, may be divided into two parts by a center line M2
viewed from the y direction as shown in FIG. 23, for
example. In this case, in the upper part of the center line M2,
the comb-like electrode sections 107a are extended in the u2
direction, and in the lower part of the center line M2, the
comb-like electrode sections 107a are extended in the ul
direction. Also in this case, for the upper and lower parts of
the center line M2, the protruding portions 1075 or the
concave portions 107¢ are provided to the side along which
the comb-like electrode sections 107a are extended, i.e., u2
or ul direction. As such, also in the liquid crystal display
device in the second example, compared with the previous
IPS-mode liquid crystal display device, the response time
can be reduced, and the performance of moving image
display can be improved.

[0155] FIG. 24 is a schematic diagram for illustrating a
third modified example of the pixel electrode in the second
example. Similarly to FIG. 19, FIG. 24 is a schematic plan
view of the pixel electrode in the area ARS of FIG. 18,
showing only the configuration thereof.

[0156] In the liquid crystal display device in the second
example, exemplified is the pixel electrode 107 in which the
comb-like electrode sections 1074 are extended along the ul
or u2 direction, i.e., diagonally to the direction along which
the scanning signal lines 101 are extended, i.e., x direction.
In this case, the protruding portions 1075 provided to the
comb-like electrode sections 107a are protruded in the v1
direction orthogonal to the extension direction, i.e., ul
direction, as shown in FIG. 19, for example. The protruding
portions 1075 are also provided to be aligned when viewed
from the ul direction.

[0157] The liquid crystal display device in the second
example is not restrictive to the above-described configura-
tions. As shown in FIG. 24, for example, the comb-like
electrode sections 1074 extended in the ul direction may be
provided with the protruding portions 1075 extended in the
y direction, and aligned when viewed from the x direction.
[0158] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal display panel configured by a pair of
substrates sandwiching therebetween a liquid crystal
material with a positive dielectric anisotropy; and

a flat-shaped common electrode and a pixel electrode
disposed on one of the pair of substrates with an
overlay, via an insulator layer, between the common
electrode and the pixel electrode when viewed from
above, wherein
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the pixel electrode is extended in a first direction, and
includes a plurality of comb-like electrode sections
aligned in a second direction orthogonal to the first
direction, and
the comb-like electrode sections of the pixel electrode are
varied in width in the second direction for a plurality of
times at intervals shorter than a side extending in the
first direction.
2. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a plurality of
protruding portions or recessed portions, in the second
direction, in the side or another extending in the first
direction.
3. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a plurality of
protruding portions, in the second direction, in the side
or another extending in the first direction, and
in two of the adjacent comb-like electrode sections, the
protruding portions in the two sides opposing each
other via a slit formed between the two of the adjacent
comb-like electrode sections are aligned when viewed
from the first direction.
4. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a plurality of
protruding portions, in the second direction, in the side
or another extending in the first direction, and
in two of the adjacent comb-like electrode sections, the
protruding portions in the two sides opposing each
other via a slit formed between the two of the adjacent
comb-like electrode sections are slightly misaligned
when viewed from the first direction by an amount
smaller than an interval between the protruding por-
tions in one of the sides.
5. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a plurality of
recessed portions, in the second direction, in the side or
another extending in the first direction, and
in two of the adjacent comb-like electrode sections, the
recessed portions in the two sides opposing each other
via a slit formed between the two of the adjacent
comb-like electrode sections are aligned when viewed
from the first direction.
6. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a plurality of
recessed portions, in the second direction, in the side or
another extending in the first direction, and
in two of the adjacent comb-like electrode sections, the
recessed portions in the two sides opposing each other
via a slit formed between the two of the adjacent
comb-like electrode sections are slightly misaligned
when viewed from the first direction by an amount
smaller than an interval between the recessed portions
in one of the sides.
7. The liquid crystal display device according to claim 1,
wherein
the comb-like electrode sections each have a protruding
portion and a recessed section alternately, in the second
direction, in the side or another extending in the first
direction.
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8. The liquid crystal display device according to claim 7,

wherein

in two of the adjacent comb-like electrode sections, the
protruding portions and the recessed portions in the two
sides opposing each other via a slit formed between the
two of the adjacent comb-like electrode sections are
respectively aligned when viewed from the first direc-
tion.

9. The liquid crystal display device according to claim 7,

wherein

in two of the adjacent comb-like electrode sections, the
protruding portions and the recessed portions in the two
sides opposing each other via a slit formed between the
two of the adjacent comb-like electrode sections are
alternately aligned when viewed from the first direc-
tion.

10. A liquid crystal display device, comprising:

a liquid crystal display panel configured by a pair of
substrates sandwiching therebetween a liquid crystal
material with a positive dielectric anisotropy; and

a flat-shaped common electrode and a pixel electrode
disposed on one of the pair of substrates with an
overlay, via an insulator layer, between the common
electrode and the pixel electrode when viewed from
above, wherein

the pixel electrode is extended in a first direction, and
includes a plurality of comb-like electrode sections
aligned in a second direction orthogonal to the first
direction, and

the comb-like electrode sections of the pixel electrode are
changed in position, when viewed from the second
direction, for a plurality of times at intervals shorter

14
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than a side extending in the first direction, and at
distances shorter than a width along the second direc-
tion.
11. The liquid crystal display device according to claim
10, wherein
the comb-like electrode sections each have a plurality of
protruding portions, in the second direction, in the side
or another extending in the first direction, and a plu-
rality of recessed portions, in the second direction, in a
remaining of the two sides, and
in one of the comb-like electrode sections, the protruding
portions and the recessed portions in the two sides
extending in the first direction are aligned when viewed
from the first direction.
12. The liquid crystal display device according to claim
11, wherein
in two of the adjacent comb-like electrode sections, one of
the two sides opposing each other via a slit formed
between the two of the adjacent comb-like electrode
sections has a plurality of protruding portions in the
second direction, and a remaining of the two sides has
a plurality of recessed portions in the second direction.
13. The liquid crystal display device according to claim
11, wherein
in two of the adjacent comb-like electrode sections, the
two sides opposing each other via a slit formed between
the two of the adjacent comb-like electrode sections
each have a plurality of protruding portions in the
second direction, or a plurality of recessed portions in
the second direction.
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