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(57) ABSTRACT

A liquid crystal display device includes a pixel electrode, a
common electrode, and an insulating layer which is formed
between the pixel electrode and the common electrode. The
pixel electrode or the common electrode includes at least one
strip shaped portion which is extended in a first direction. A
first thickness of the insulating layer between the pixel and
common electrodes at a first portion extending from a vicinity
of end of the at least one strip shaped portion in the first
direction toward the end of the at least one strip shaped
portion is thicker than a second thickness of the insulating
layer between the pixel and the common electrodes at a sec-
ond portion extending from the vicinity of end of the at least
one strip shaped portion in the first direction toward a center
of the at least one strip shaped portion.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/272,304, filed Oct. 13, 2011, the contents of
which are incorporated herein by reference.

[0002] The present application claims priority from Japa-
nese application JP 2010-236077 filed on Oct. 21, 2010, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal dis-
play device in which liquid crystal molecules are aligned by
an electric field generated by two electrodes stacked via an
insulating layer.

[0005] 2. Description of the Related Art

[0006] Conventionally, liquid crystal display devices are
classified into ones of a vertical electric field system and ones
of a horizontal electric field system. A liquid crystal display
device of the horizontal electric field system may obtain
wider viewing angle characteristics compared with those of a
liquid crystal display device of the vertical electric field sys-
tem. Among liquid crystal display devices of the horizontal
electric field system, ones in which a pixel electrode and a
common electrode are stacked via an insulating layer, one of
the electrodes having slits formed therein and the other of the
electrodes being in the shape of an even plane without an
opening, are used when high transmittance is required. This is
because an arc-like electric flux is distributed to the vicinity of
the center of the electrode having the slits formed therein so as
to connect the pixel electrode and the common electrode
which are in different layers.

[0007] By the way, examples of the electrode having slits
formed therein include a comb electrode in which one ends of
the slits are closed while the other ends are open, and an
electrode in which both the ends of the slits are closed. Fur-
ther, in amulti-domain liquid crystal display device, such slits
in the electrode are inflected. When an electric field is genet-
ated by an electrode having slits formed therein and an elec-
trode in the shape of an even plane without an opening, an
electric field in the vicinity of ends in a longitudinal direction
of the slits or in the vicinity of inflected portions of the slits is
distributed in such a way that control of the alignment of the
liquid crystal molecules is difficult. Therefore, a region in
which the alignment of'the liquid crystal molecules cannot be
controlled (hereinafter, referred to as domain) is generated in
the vicinity of the ends in the longitudinal direction ofthe slits
or in the vicinity of the inflected portions of the slits. The
domain is responsible for lowering the transmittance in the
liquid crystal display device. Accordingly, as disclosed in, for
example, Japanese Patent Application Laid-open No. 2008-
276172, a liquid crystal display device which reduces such a
domain has been proposed.

SUMMARY OF THE INVENTION

[0008] Intheliquid crystaldisplay device disclosed in Japa-
nese Patent Application Laid-open No. 2008-276172, the
number of ends of slits is reduced by providing the slits so as
to extend continuously over a plurality of pixels. In other
words, in the liquid crystal display device, the domain is
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reduced by reducing the number of ends of slits which are
responsible for generation of the domain.

[0009] However, in the liquid crystal display device dis-
closed in Japanese Patent Application Laid-open No. 2008-
276172, not all the ends of slits are eliminated, and thus, the
problemthat a domain generated in the vicinity of ends of slits
lowers the transmittance is not solved.

[0010] The present invention has been made in view of the
above, and an object of the present invention is to provide a
liquid crystal display device which improves the transmit-
tance.

[0011] In order to solve the above-mentioned problem and
to achieve the object, according to a first aspect of the present
invention, there is provided a liquid crystal display device,
including a pixel electrode; and a common electrode genet-
ating an electric field to align liquid crystal molecules in
cooperation with the pixel electrode; and an insulating layer
which is stacked between the pixel electrode and the common
electrode; wherein one of the pixel electrode and the common
electrode included slits formed therein, and the insulating
layer is formed so as to increase in thickness from a vicinity
of ends in a longitudinal direction of the slits toward the ends.
[0012] Further, in the liquid crystal display device accord-
ing to the first aspect of the present invention, the insulating
layer may be formed so as to gradually increase in thickness
from the vicinity of the ends in the longitudinal direction of
the slits toward the ends.

[0013] Further, in the liquid crystal display device accord-
ing to the first aspect of the present invention, the insulating
layer may be processed to be inclined in advance so as to
increase in thickness from the vicinity of the ends in the
longitudinal direction of the slits toward the ends.

[0014] Further, in the liquid crystal display device accord-
ing to the first aspect of the present invention, the vicinity of
the ends in the longitudinal direction of the slits may be a
domain generating region.

[0015] Further, in orderto solve the above-mentioned prob-
lem and to achieve the object, according to a second aspect of
the present invention, there is provided a liquid crystal display
device, including a pixel electrode; a common electrode gen-
erating an electric field to align liquid crystal molecules in
cooperation with the pixel electrode; and an insulating layer
which is stacked between the pixel electrode and the common
electrode; wherein one of the pixel electrode and the common
electrode includes slits formed therein, and the slits are
inflected, and the insulating layer is formed so as to increase
in thickness from a vicinity of inflected portions of the slits
toward the inflected portions.

[0016] Further, in the liquid crystal display device accord-
ing to the second aspect of the present invention, the insulat-
ing layer may be formed so as to gradually increase in thick-
ness from the vicinity of the inflected portions of the slits
toward the inflected portions.

[0017] Further, in the liquid crystal display device accord-
ing to the second aspect of the present invention, the insulat-
ing layer may be processed to be inclined in advance so as to
increase in thickness from the vicinity of the inflected por-
tions of the slits toward the inflected portions.

[0018] Further, in the liquid crystal display device accord-
ing to the second aspect of the present invention, the vicinity
of the inflected portions may be a domain generating region.
[0019] Further, in orderto solve the above-mentioned prob-
lem and to achieve the object, according to a third aspect of
the present invention, there is provided a liquid crystal display
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device, including a pixel electrode; a common electrode gen-
erating an electric field to align liquid crystal molecules in
cooperation with the pixel electrode; and an insulating layer
which is stacked between the pixel electrode and the common
electrode; wherein one of the pixel electrode and the common
electrode includes slits formed thetein the slits are inflected,
and the insulating layer is formed so as to increase in thick-
ness from a vicinity of ends in a longitudinal direction of the
slits toward the ends and is formed so as to increase in thick-
ness from a vicinity of inflected portions of the slits toward the
inflected portions.

[0020] Further, in the liquid crystal display device accord-
ing to the third aspect of the present invention, the insulating
layer may be formed so as to gradually increase in thickness
from the vicinity of the ends in the longitudinal direction of
the slits toward the ends and so as to gradually increase in
thickness from the vicinity of the inflected portions of the slits
toward the inflected portions.

[0021] Further, in the liquid crystal display device accord-
ing to the third aspect of the present invention, the insulating
layer may be processed to be inclined in advance so as to
increase in thickness from the vicinity of the ends in the
longitudinal direction of the slits toward the ends and so as to
increase in thickness from the vicinity of the inflected por-
tions of the slits toward the inflected portions.

[0022] Further, in the liquid crystal display device accord-
ing to the third aspect of the present invention, the vicinity of
the ends in the longitudinal direction of the slits and the
vicinity of the inflected portions may be domain generating
regions.

[0023] Further, in the liquid crystal display device accord-
ing to the present invention, the one of the pixel electrode and
the common electrode including the slits formed therein may
be a comb electrode, and one of the ends in the longitudinal
direction of the slits may be open while another end is closed.
[0024] Further, in the liquid crystal display device accord-
ing to the present invention, the ends in the longitudinal
direction of the slits may be closed.

[0025] 1Inthe liquid crystal display device according to the
present invention in which the pixel electrode and the com-
mon electrode are stacked via the insulating layer, the slits are
formed in one of the pixel electrode and the common elec-
trode, and the liquid crystal molecules are aligned by an
electric field generated by the pixel electrode and the common
electrode, the insulating layer is formed so as to increase in
thickness from the vicinity of the ends in the longitudinal
direction of the slits toward the ends, to thereby lower the
intensity of the electric field in the vicinity of the ends in the
longitudinal direction of the slits. Because of the lowered
intensity of the electric field, the liquid crystal molecules are
normally aligned around the ends in the longitudinal direction
of the slits and thus suppress enlargement of a domain which
is generated by the electric field in the vicinity of the ends in
the longitudinal direction of the slits. Therefore, the domain
reduces, and, as a consequence, the transmittance may be
improved.

[0026] Further, in the liquid crystal display device accord-
ing to the present invention in which the pixel electrode and
the common electrode are stacked via the insulating layer, the
slits are formed in one of the pixel electrode and the common
electrode, and the liquid crystal molecules are aligned by an
electric field generated by the pixel electrode and the common
electrode, the slits are formed so as to be inflected, and the
insulating layer is formed so as to increase in thickness from
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the vicinity of the inflected portions of the slits toward the
inflected portions, to thereby lower the intensity of the elec-
tric field in the vicinity of the inflected portions of the slits.
Because of the lowered intensity of the electric field, the
liquid crystal molecules are normally aligned around the
inflected portions of the slits and thus suppress enlargement
of a domain which is generated by the electric field in the
vicinity of the inflected portions of the slits. Therefore, the
domain reduces, and, as a consequence, the transmittance
may be improved.

[0027] Further, in the liquid crystal display device accord-
ing to the present invention in which the pixel electrode and
the common electrode are stacked via the insulating layer, the
slits are formed in one of the pixel electrode and the common
electrode, and the liquid crystal molecules are aligned by an
electric field generated by the pixel electrode and the common
electrode, the slits are formed so as to be inflected, the insu-
lating layer is formed so as to increase in thickness from the
ends in the longitudinal direction of the slits toward the ends,
and the insulating layer is formed so as to increase in thick-
ness from the vicinity of the inflected portions of the slits
toward the inflected portions, to thereby lower the intensity of
the electric field in the vicinity of the ends in the longitudinal
direction of the slits and in the vicinity of the inflected por-
tions. Because of the lowered intensity of the electric field, the
liquid crystal molecules are normally aligned around the ends
in the longitudinal direction of the slits and around the
inflected portions and thus suppress enlargement of a domain
which is generated by the electric field in the vicinity of the
ends in the longitudinal direction of the slits and in the vicin-
ity of the inflected portions. Therefore, the domain reduces,
and, as a consequence, the transmittance may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

[0029] FIG. 1is a schematic view illustrating a structure of
aliquid crystal display device according to a first embodiment
of the present invention;

[0030] FIG. 2 is a detailed explanatory diagram of a struc-
ture of a liquid crystal display panel illustrated in FIG. 1;

[0031] FIG. 3 is a cross-sectional view of the liquid crystal
display panel taken along the line A1-A2 of FIG. 2;

[0032] FIG. 4is a detailed explanatory diagram of a struc-
ture of aliquid crystal display panel of a liquid crystal display
device according to a second embodiment of the present
invention;

[0033] FIG. 5is a cross-sectional view of the liquid crystal
display panel taken along the line B1-B2-B3 of FIG. 4;

[0034] FIG. 61s a detailed explanatory diagram of a struc-
ture of a liquid crystal display panel of a liquid crystal display
device according to a third embodiment of the present inven-
tion;

[0035] FIG. 7 is a cross-sectional view of the liquid crystal
display panel taken along the line C1-C2-C3 of FIG. 6;

[0036] FIG. 8is a detailed explanatory diagram of a struc-
ture of aliquid crystal display panel of a liquid crystal display
device according to a fourth embodiment of the present inven-
tion; and

[0037] FIG. 9 is a cross-sectional view of the liquid crystal
display panel taken along the line D1-D2-D3 of FIG. 8.

In the accompanying drawings:
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DETAILED DESCRIPTION OF THE INVENTION

[0038] Liquid crystal display devices according to pre-
ferred embodiments of the present invention are described in
detail in the following with reference to the attached draw-
ings.

First Embodiment

[0039] FIG.1isaschematic view illustrating a structure of
aliquid crystal display device 100 according to a first embodi-
ment of the present invention. FIG. 2 is a detailed explanatory
diagram of a structure of a liquid crystal display panel 10
illustrated in FIG. 1. In FIG. 2, the part of a liquid crystal
display panel 10 is enlarged to explain the structure of pixels.
FIG. 3 is a cross-sectional view of the liquid crystal display
panel 10 taken along the line A1-A2 of FIG. 2. The liquid
crystal display device 100 is of the horizontal electric field
system, and includes the liquid crystal display panel 10, a data
driver 2, a scanning driver 3, a backlight unit 4, and a control
unit 5.

[0040] As illustrated in FIG. 1, the liquid crystal display
panel 10 includes a plurality of video signal lines DL (DL, .
.., DL,, where n is a natural number) which extend ina 'Y
direction and a plurality of scanning signal lines GL (GL,, . .
., GL,,, where m is a natural number) which extend in an X
direction. Further, in the liquid crystal display panel 10, the
plurality of scanning signal lines GL are formed so as to be in
parallel to one another, and each of the plurality of video
signal lines DL is formed so as to cross the scanning signal
lines GL. A pixel D is formed in a region surrounded by those
video signal lines DL and scanning signal lines GL.

[0041] As illustrated in FIG. 3, a liquid crystal material 40
containing liquid crystal molecules is sealed between a TET
substrate 20 and a counter substrate 30 in the liquid crystal
display panel 10. The TFT substrate 20 is a substrate includ-
ing an insulating substrate such as a glass substrate, and the
scanning signal lines GL, the video signal lines DL, thin film
transistors TFTs, a common electrode CT, and pixel elec-
trodes Px provided thereon. More specifically, the TFT sub-
strate 20 has the scanning signal lines GL provided on an
insulating substrate SUB1 such as a glass substrate. The scan-
ning signal lines GL are formed by, for example, etching a
film of a conductor such as aluminum.

[0042] The video signal line DL (source electrode SD1)
and a drain electrode SD2 of the thin film transistor TFT are
provided above the scanning signal line GL via a first insu-
lating layer PAST.

[0043] The common electrode CT is provided above the
video signal line DL and the like via a second insulating layer
PAS2. The common electrode CT is formed by etching a film
of a conductor having high light transmittance such as ITO,
and is formed in the shape of an even plane without an
opening in a region which overlaps the pixel electrode Px in
plan view. The pixel electrode Px is provided above the com-
mon electrode CT via a third insulating layer PAS3.

[0044] The pixel electrode Px is formed by etching a film of
a conductor having high light transmittance such as ITO. The
pixel electrode Px is connected to the drain electrode SD2 via
a through hole TH. The pixel electrode Px has a plurality of
slits S formed in the region overlapping the common elec-
trode CT in plan view, the slits S having the long sides in a
direction in which the video signal lines DL extend. The pixel
electrode Px is a comb electrode, and one ends of the slits SL.
are open while the other ends of the slits SL are closed.
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[0045] As illustrated in FIG. 2, the pixel electrode Px has a
plurality of strip-like portions 11 formed in stripes and a
joining portion 12 for joining one ends of the plurality of
strip-like portions 11 together. The joining portion 12 is con-
nected to the drain electrode SD2. The slits SL of the pixel
electrode Px are formed by the strip-like portions 11 and the
joining portion 12.

[0046] Theslits SL each have a closed end 134 and an open
end 135. The closed end 134 is an end closed by the joining
portion 12 of the ends in the longitudinal direction of the slit
SL. The distribution of an electric field in the vicinity of the
closed ends 134 is affected not only by the strip-like portions
11 but also by the joining portion 12. Specifically, the vicinity
of the closed ends 13 is a domain generating region. The
open end 134 is an open end of the ends in the longitudinal
direction of the slit SL. The distribution of an electric field in
the vicinity of the open ends 135 is affected by tip portions of
the strip-like portions 11. Specifically, the vicinity of the open
ends 135 is a domain generating region.

[0047] As illustrated in FIG. 3, in the counter substrate 30,
a light shielding film BM called a black matrix and a color
filter CF are provided on a surface of an insulating substrate
SUB2 such as a glass substrate. The light shielding film BM
is formed by, for example, etching a conductive film or an
insulating film having a light transmittance of almost zero to
form a lattice-like pattern for separating the respective pixels
D from one another. The color filter CF is formed by, for
example, etching or exposing to light and developing an insu-
lating film and periodically arranging a filter for displaying
red (R), a filter for displaying green (G), and a filter for
displaying blue (B) in an aperture region of the light shielding
film. Further, an alignment film ORI2 is provided above the
light shielding film BM and the color filter CF via, for
example, an overcoating layer OC.

[0048] The data driver 2 generates video signals (gradation
voltages) to be input to the plurality of video signal lines DL,
respectively.

[0049] The scanning driver 3 sequentially inputs scanning
signals to the plurality of scanning signal lines GL. The data
driver 2 and the scanning driver 3 are electrically connected to
the liquid crystal display panel 10 via a flexible board or the
like (not shown) connected to an outer peripheral portion of
the liquid crystal display panel 10.

[0050] The backlight unit 4 is materialized by a light-emit-
ting diode or the like, and irradiates light from a back surface
side of the liquid crystal display panel 10.

[0051] The control unit 5 is materialized by a CPU or the
like, and is electrically connected to respective portions of the
liquid crystal display device 100 including the data driver 2,
the scanning driver 3, and the backlight unit 4, for controlling
the overall operation of the liquid crystal display device 100.
The control unit 5 includes a memory or the like (not shown)
for temporarily holding video data which is input from an
external system.

[0052] Here, the third insulating layer PAS3 is specifically
described. As illustrated in FIG. 3, the third insulating layer
PASS3 has a first inclination layer PAS31 and a second incli-
nation layer PAS32.

[0053] The first inclination layer PAS31 is an insulating
layer formed on the common electrode CT. The first inclina-
tion layer PAS31 has an inclined portion TP. The inclined
portion TP is a portion of the first inclination layer PAS31
which is processed so as to form an inclined surface. The first
inclination layer PAS31 starts its inclination at a bottom end
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TPb of the inclined portion TP and ends its inclination at a top
end TPt. The inclined portion TP is processed in advance
before the second inclination layer PAS32 is stacked thereon.
[0054] The inclined portion TP is inclined at a predeter-
mined inclination angle with respect to a surface of the com-
mon electrode CT. For example, the inclined portion

[0055] TP is inclined at an inclination angle of 10 degrees
with respect to the surface of the common electrode CT. Note
that, the inclination angle of the inclined portion TP is not
limited to 10 degrees. In other words, the inclination angle
may be appropriately set depending on the domain generating
region. The first inclination layer PAS31 is processed to be
inclined so as to gradually increase in thickness from the
vicinity of the closed ends 13a toward the closed ends 13a and
so as to gradually increase in thickness from the vicinity of the
open ends 135 toward the open ends 135.

[0056] The second inclination layer PAS32 is an insulating
layer formed on the first inclination layer PAS31 after the first
inclination layer PAS31 is processed to be inclined as
described above.

[0057] Thethird insulating layer PAS3 is formed by the first
inclination layer PAS31 which is processed to be inclined and
the second inclination layer PAS32 which is stacked on the
first inclination layer PAS31, so as to gradually increase in
thickness from the vicinity of the closed ends 13a toward the
closed ends 13a and so as to gradually increase in thickness
from the vicinity of the open ends 135 toward the open ends
13b. Therefore, in the vicinity of the closed ends 13a and in
the vicinity of the open ends 135, that is, in the domain
generating regions, the intensity of the electric field generated
by the pixel electrode Px and the common electrode CT
becomes lower. Further, the intensity of the electric field
changes so as to be gradually lowered toward the closed ends
134 and toward the open ends 135, and thus, control of the
alignment of the liquid crystal molecules is not adversely
affected.

[0058] Note that, it is desired that the third insulating layer
PAS3 gradually increase in thickness, but it is enough that the
control of the alignment of the liquid crystal molecules is not
adversely affected. For example, it is enough that the third
insulating layer PAS3 increases in thickness from the vicinity
of the closed ends 13a toward the closed ends 134 and from
the vicinity of the open ends 135 toward the open ends 135,
respectively.

[0059] In the first embodiment of the present invention, the
third insulating layer PAS3 is formed so as to gradually
increase in thickness from the vicinity of the closed ends 13a
toward the closed ends 134 and is formed so as to gradually
increase in thickness from the vicinity of the open ends 135
toward the open ends 135, to thereby lower the intensity ofthe
electric field in the vicinity of the closed ends 13a and in the
vicinity of the open ends 135. Because of the lowered inten-
sity of the electric field, liquid crystal molecules are normally
aligned in the vicinity of the closed ends 134 and in the
vicinity of the open ends 136 and thus suppress enlargement
of a domain which is generated by the electric field in the
vicinity of the closed ends 13a and in the vicinity of the open
ends 13b. Therefore, the domain reduces, and, as a conse-
quence, the transmittance may be improved.

[0060] Further, in the first embodiment of the present
invention, the liquid crystal molecules which are normally
aligned in the vicinity of the closed ends 134 and in the
vicinity of the open ends 135 due to the lowered intensity of
the electric field in the vicinity of the closed ends 13a and in
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the vicinity of the open ends 135 suppress the enlargement of
the domain which is generated by the electric field in the
vicinity of the closed ends 13a and in the vicinity of the open
ends 135, and thus, even when the screen of the liquid crystal
display panel 10 is pressed, the enlargement of the domain
may be suppressed and time necessary for the screen to return
to its original state may be shortened.

Second Embodiment

[0061] Next, a second embodiment of the present invention
is described with reference to FIG. 4 and FIG. 5. F1G. 4 is a
detailed explanatory diagram of a structure of a liquid crystal
display panel 60 of a liquid crystal display device 200 accord-
ing to the second embodiment of the present invention. FIG.
5 is a cross-sectional view of the liquid crystal display panel
60 taken along the line B1-B2-B3 of FIG. 4. In the first
embodiment of the present invention, the slits SL are in the
shape of straight lines, but, in the second embodiment, the
slits SL each have a inflected portion 13¢. The third insulating
layer PAS3 is formed so as to gradually increase in thickness
from the vicinity of the inflected portions 13¢ toward the
inflected portions 13¢. Other structures in the second embodi-
ment are the same as those in the first embodiment, and like
reference symbols are used to designate like structural ele-
ments.

[0062] As illustrated in FIG. 4, a pixel electrode Px has a
plurality of strip-like portions 11 formed in stripes and a
joining portion 12 for joining one ends of the plurality of
strip-like portions 11 together. The strip-like portions 11 are
inflected so as to be V-shaped. In the pixel electrode Px, the
slits SL which are inflected to be V-shaped are formed by the
strip-like portions 11 and the joining portion 12.

[0063] The inflected portions 13¢ correspond to the
inflected shape of the pixel electrode Px. Such V-shaped slits
SL are widely employed in multi-domain liquid crystal dis-
play devices. The distribution of an electric field in the vicin-
ity of the inflected portions 13c¢ is affected by the inflected
shape. Specifically, the vicinity of the inflected portions 13¢is
adomain generating region. As illustrated in FIG. 5, an align-
ment film ORI1 is provided on the pixel electrode Px. Note
that, the shape of the slits SL is not limited to being inflected
so as to be V-shaped. It is enough that the slits SL. have
inflected portions which accommodate a multi-domain liquid
crystal display device.

[0064] Here, the third insulating layer PAS3 is specifically
described. As illustrated in FIG. 5, the third insulating layer
PASS3 has a first inclination layer PAS33 and a second incli-
nation layer PAS34.

[0065] The first inclination layer PAS33 is an insulating
layer formed on the common electrode CT. The first inclina-
tion layer PAS33 is processed to be inclined so as to gradually
increase in thickness from the vicinity of the inflected por-
tions 13¢ of the slits SL toward the inflected portions 13c.
[0066] The second inclination layer PAS34 is an insulating
layer formed on the first inclination layer PAS33 after the first
inclination layer PAS33 is processed to be inclined as
described above.

[0067] Thethirdinsulating layer PAS3 is formed by the first
inclination layer PAS33 which is processed to be inclined and
the second inclination layer PAS34 which is stacked on the
first inclination layer PAS33, so as to gradually increase in
thickness from the vicinity of the inflected portions 13¢ of the
slits SL toward the inflected portions 13c¢. Therefore, in the
vicinity of the inflected portions 13¢, that is, in the domain
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generating region, the intensity of the electric field generated
by the pixel electrode Px and the common electrode CT
becomes lower. Further, the intensity of the electric field
changes so as to be gradually lowered toward the inflected
portions 13¢, and thus, control of the alignment of the liquid
crystal molecules is not adversely affected.

[0068] In the second embodiment of the present invention,
the third insulating layer PAS3 is formed so as to gradually
increase in thickness from the vicinity of the inflected por-
tions 13¢ toward the inflected portions 13¢, to thereby lower
the intensity of the electric field in the vicinity of the inflected
portions 13¢. Because of the lowered intensity of the electric
field, liquid crystal molecules are normally aligned in the
vicinity of the inflected portions 13¢ and thus suppress
enlargement of a domain which is generated by the electric
field in the vicinity of the inflected portions 13¢. Therefore,
the domain reduces, and, as a consequence, the transmittance
may be improved.

[0069] Further, in the second embodiment of the present
invention, the pixel electrode Px is inflected, and thus, restric-
tions on the viewing angle may be eased.

Third Embodiment

[0070] Next, a third embodiment of the present invention is
described with reference to FIG. 6 and FIG. 7. FIG. 6 is a
detailed explanatory diagram of a structure of a liquid crystal
display panel 70 of a liquid crystal display device 300 accord-
ing to the third embodiment of the present invention. FIG. 7 is
a cross-sectional view of the liquid crystal display panel 70
taken along the line C1-C2-C3 of FIG. 6. In the second
embodiment of the present invention, the third insulating
layer PAS3 is formed so as to gradually increase in thickness
from the vicinity of the inflected portions 13¢ toward the
inflected portions 13¢. In the third embodiment, further, the
third insulating layer PAS3 is formed so as to gradually
increase in thickness from the vicinity of the closed ends 134
toward the closed ends 13a and is formed so as to gradually
increase in thickness from the vicinity of the open ends 135
toward the open ends 134 Other structures in the third
embodiment are the same as those in the second embodiment,
and like reference symbols are used to designate like struc-
tural elements.

[0071] Here, the third insulating layer PAS3 is specifically
described. As illustrated in FIG, 7, the third insulating layer
PASS3 has a first inclination layer PAS35 and a second incli-
nation layer PAS36.

[0072] The first inclination layer PAS35 is processed to be
inclined so as to gradually increase in thickness from the
vicinity of the closed ends 13a toward the closed ends 13a and
so as to gradually increase in thickness from the vicinity of the
open ends 135 toward the open ends 135. Further, the first
inclination layer PAS35 is processed to be inclined so as to
gradually increase in thickness from the vicinity of the
inflected portions 13¢ toward the inflected portions 13c¢.
[0073] The second inclination layer PAS36 is an insulating
layer formed on the first inclination layer PAS35 after the first
inclination layer PAS35 is processed to be inclined as
described above.

[0074] Thethird insulating layer PAS3 is formed by the first
inclination layer PAS35 which is processed to be inclined and
the second inclination layer PAS36 which is stacked on the
first inclination layer PAS35, so as to gradually increase in
thickness from the vicinity of the closed ends 13a toward the
closed ends 13a and so as to gradually increase in thickness
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from the vicinity of the open ends 135 toward the open ends
135. Further, the third insulating layer PAS3 is formed so as to
gradually increase in thickness from the vicinity of the
inflected portions 13¢ toward the inflected portions 13e¢.
Therefore, in the vicinity of the closed ends 134, in the vicin-
ity of the open ends 135, and in the vicinity of the inflected
portions 13¢, that is, in the domain generating regions, the
intensity of the electric field generated by the pixel electrode
Px and the common electrode CT becomes lower. Further, the
intensity of the electric field changes so as to be gradually
lowered toward the closed ends 13a, toward the open ends
135, and toward the inflected portions 13¢, and thus, control
of the alignment of the liquid crystal molecules is not
adversely affected.

[0075] Inthe third embodiment of the present invention, the
third insulating layer PAS3 is formed so as to gradually
increase in thickness from the vicinity of the inflected por-
tions 13¢ toward the inflected portions 13¢, to thereby obtain
the same effect as that in the second embodiment, and is
formed so as to gradually increase in thickness from the
vicinity of the closed ends 13a toward the closed ends 13a and
so as to gradually increase in thickness from the vicinity of the
open ends 135 toward the open ends 135, to thereby lower the
intensity of the electric field in the vicinity of the closed ends
13a and in the vicinity of the open ends 135. Because of the
lowered intensity of the electric field, liquid crystal molecules
are normally aligned in the vicinity of the closed ends 13a and
in the vicinity of the open ends 135 and thus suppress enlarge-
ment of a domain which is generated by the electric field in
the vicinity of the closed ends 134 and in the vicinity of the
open ends 1354 Therefore, the domain reduces, and, as a
consequence, the transmittance may be improved.

Fourth Embodiment

[0076] Next, a fourth embodiment of the present invention
is described with reference to FIG. 8 and FIG. 9. FIG. 8is a
detailed explanatory diagram of a structure of a liquid crystal
display panel 80 of a liquid crystal display device 400 accord-
ing to the fourth embodiment of the present invention. FIG. 9
1s a cross-sectional view of the liquid crystal display panel 80
taken along the line D1-D2-D3 of FIG. 8. In the third embodi-
ment, the pixel electrode Px of the liquid crystal display panel
70 is a comb electrode in which one ends of both ends in the
longitudinal direction of the slits SL are open, but, in the
fourth embodiment, the pixel electrode Px of the liquid crys-
tal display panel 80 is an electrode in which both ends in the
longitudinal direction of the slits SL are closed.

[0077] As illustrated in FIG. 8, the pixel electrode Px has a
plurality of strip-like portions 14 formed in stripes and joining
portions 15 each for joining ends of the plurality of strip-like
portions 14 together on one side. The slits SL of the pixel
electrode Px are formed by the strip-like portions 14 and the
joining portions 15.

[0078] Theslits SL each have closed ends 70a and 706 and
ainflected portion 70c. The closed ends 70a and 705 are ends
closed by the joining portions 15. The distribution of an
electric field in the vicinity of the closed ends 70a and 705 is
affected not only by the strip-like portions 14 but also by the
joining portions 15. Specifically, the vicinities of the closed
ends 70a and 705 are domain generating regions. The
inflected portions 70c correspond to the inflected shape of the
pixel electrode Px. The distribution of an electric field in the
vicinity of the inflected portions 70c¢ is affected by the
inflected shape. Specifically, the vicinity of the inflected por-
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tions 70¢ is a domain generating region. Further, as illustrated
in FIG. 9, the third insulating layer PAS3 has afirst inclination
layer PAS37 and a second inclination layer PAS38. Other
structures in the fourth embodiment are the same as those in
the third embodiment, and like reference symbols are used to
designate like structural elements.

[0079] As illustrated in FIG. 9, the first inclination layer
PAS37 is processed to be inclined so as to gradually increase
in thickness from the vicinity of the closed ends 70a toward
the closed ends 70a and so as to gradually increase in thick-
ness from the vicinity of the closed ends 706 toward the
closed ends 704. Further, the third insulating layer PAS3 is
processed to be inclined so as to gradually increase in thick-
ness from the vicinity of the inflected portions 70¢ toward the
inflected portions 70c. The second inclination layer PAS38 is
an insulating layer formed on the firstinclination layer PAS37
after the first inclination layer PAS37 is processed to be
inclined as described above.

[0080] Thethird insulating layer PAS3 is formed by the first
inclination layer PAS37 which is processed to be inclined and
the second inclination layer PAS38 which is stacked on the
first inclination layer PAS37, so as to gradually increase in
thickness from the vicinity of the closed ends 70a toward the
closed ends 70a and so as to gradually increase in thickness
from the vicinity of the closed ends 705 to the closed ends
704. Further, the third insulating layer PAS3 is processed to be
inclined so as to gradually increase in thickness from the
vicinity of the inflected portions 70c¢ toward the inflected
portions 70c.

[0081] In the fourth embodiment of the present invention,
the insulating layer PAS3 is formed so as to gradually
increase in thickness from the vicinity of the closed ends 70a
toward the closed ends 70a, so as to gradually increase in
thickness from the vicinity of the closed ends 705 toward the
closed ends 7054, and further so as to gradually increase in
thickness from the vicinity of the inflected portions 70¢
toward the inflected portions 70c, to thereby lower the inten-
sity of the electric field in the vicinities of the closed ends 70a
and 705 and in the vicinity of the inflected portions 70c.
Because of the lowered intensity of the electric field, liquid
crystal molecules are normally aligned in the vicinities of the
closed ends 70a and 705 and in the vicinity of the inflected
portions 70¢ and thus suppress enlargement of a domain
which is generated by the electric field in the vicinities of the
closed ends 70a and 706 and in the vicinity of the inflected
portions 70c. Therefore, even when the pixel electrode Px is
a pixel electrode in which both ends of the slits SL are closed,
the transmittance may be improved.

[0082] Note that, in the first to fourth embodiments of the
present invention, the longitudinal direction of the slits SL is
the direction in which the video signal lines DL extend, but
the present invention is not limited thereto. For example, the
longitudinal direction of the slits S may be a direction in
which the scanning signal lines GL extend.

[0083] Further, in the first to fourth embodiments of the
present invention, the pixel electrode Px is provided above the
common electrode CT, but the present invention is not limited
thereto. For example, the arrangement may be upside down in
which the pixel electrode Px is provided below the common
electrode CT.

[0084] Further, in the first to fourth embodiments of the
present invention, the pixel electrode Px has the slits SL
formed therein and the common electrode CT is in the shape
of an even plane without an opening, but the present invention
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is not limited thereto. For example, the pixel electrode Px may
be in the shape of an even plane without an opening and the
common electrode CT may have the slits ST formed therein.
[0085] Further, in the first to fourth embodiments of the
present invention, the third insulating layer PAS3 is gradually
increased in thickness by processing the first inclination layer
PAS31, PAS33, PAS35, or PAS37 to be inclined in advance,
but the present invention is not limited thereto. It is enough
that the third insulating layer PAS3 gradually increases in
thickness from the vicinities of ends of the slits SL toward the
ends of the slits SL or from the vicinity of the inflected
portions of the slits SL. toward the inflected portions. For
example, the third insulating layer PAS3 may have a single-
layer structure and the single-layer-structured third insulating
layer PAS3 may be processed to be inclined in advance.
[0086] Further, in the first, second, and fourth embodiments
of the present invention, the third insulating layer PAS3 is
gradually increased in thickness toward both the ends of the
slits SL, but the present invention is not limited thereto. For
example, the third insulating layer PAS3 may gradually
increase in thickness only toward one ends of the slits SL.
[0087] Further, in the fourth embodiment of the present
invention, the slits SU are inflected, but the present invention
is not limited thereto, and the slits SL. may be in the shape of
straight lines.

[0088] Note that, the present invention is not limited to the
first to fourth embodiments of the present invention.

[0089] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a pixel electrode;

a common electrode generating an electric field to align
liquid crystal molecules in cooperation with the pixel
electrode; and

an insulating layer which is formed between the pixel
electrode and the common electrode;

wherein one of the pixel electrode and the common elec-
trode includes at least one strip shaped portion formed
therein which is extended in a first direction; and

wherein a first thickness of the insulating layer between the
pixel electrode and the common electrode at a first por-
tion of the insulating layer extending from a vicinity of
end of the at least one strip shaped portion in the first
direction toward the end of the at least one strip shaped
portion is thicker than a second thickness of the insulat-
ing layer between the pixel electrode and the common
electrode at a second portion of the insulating layer
extending from the vicinity of end of the at least one strip
shaped portion in the first direction toward a center of the
at least one strip shaped portion.

2. The liquid crystal display device according to claim 1,
wherein one of the pixel electrode and the common electrode
includes a plurality of strip shaped portions which have the at
least one strip shaped portion and are extended in the first
direction.

3. The liquid crystal display device according to claim 1,
wherein a difference between the first thickness and the sec-
ond thickness of the insulating layer is formed by a first
lamination number of the insulating layer at the first portion
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being larger than a second lamination number of the insulat-
ing layer at the second portion.

4. The liquid crystal display device according to claim 1,
wherein the first portion is a domain generating region.

5. A liquid crystal display device comprising:

a pixel electrode;

a common electrode generating an electric field to align
liquid crystal molecules in cooperation with the pixel
electrode; and

an insulating layer which is formed between the pixel
electrode and the common electrode;

wherein one of the pixel electrode and the common elec-
trode includes at least one strip shaped portion,

wherein the at least one strip shaped portion includes a first
extended portion which is extended in a first direction, a
second extended portion which is extended in a second
direction differing from the first direction, and an
inflected portion which is arranged between the first
extended portion and the second extended portion; and

wherein a first thickness of the insulating layer between the
pixel electrode and the common electrode at the first
extended portion is thinner than a second thickness of
the insulating layer between the pixel electrode and the
common electrode at the inflected portion.

6. The liquid crystal display device according to claim 5,
wherein one of the pixel electrode and the common electrode
includes a plurality of strip shaped portions which have the at
least one strip shaped portion, each of the plurality of strip
shaped portions having the first extended portion, the second
extended portion, and the inflected portion.

7. The liquid crystal display device according to claim 5,
wherein a difference between the first thickness and the sec-
ond thickness of the insulating layer is formed by a first
lamination number of the insulating layer at the first extended
portion being smaller than a second lamination number of the
insulating layer at the inflected portion.

8. The liquid crystal display device according to claim 5,
wherein the inflected portion is a domain generating region.

9. The liquid crystal display device according to claim 5,
wherein a third thickness of the insulating layer between the
pixel electrode and the common electrode at the second
extended portion is thinner than the second thickness of the
insulating layer.

10. A liquid crystal display device comprising a pixel elec-
trode;

a common electrode generating an electric field to align
liquid crystal molecules in cooperation with the pixel
electrode; and

an insulating layer which is stacked between the pixel
electrode and the common electrode;
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wherein one of the pixel electrode and the common elec-
trode includes at least one strip shaped portion,

wherein the at least one strip shaped portion includes a first
extended portion which is extended in a first direction, a
second extended portion which is extended in a second
direction differing from the first direction, and an
inflected portion which is arranged between the first
extended portion and the second extended portion;

wherein a first thickness of the insulating layer between the
pixel electrode and the common electrode at the first
extended portion is thinner than a second thickness of
the insulating layer between the pixel electrode and the
common electrode at the inflected portion; and

wherein a third thickness of the insulating layer between
the pixel electrode and the common electrode at a first
portion of the first extended portion from a vicinity of
end of the at least one strip shaped portion in the first
direction toward the end of the at least one strip shaped
portion is thicker than the first thickness of the insulating
layer between the pixel electrode and the common elec-
trode at a second portion of the first extended portion
from the vicinity of end of the at least one strip shaped
portion in the first direction toward a center of the at least
one strip shaped portion.

11. The liquid crystal display device according to claim 10,
wherein one of the pixel electrode and the common electrode
includes a plurality of strip shaped portions which have the at
least one strip shaped portion, each of the plurality of strip
shaped portions having the first extended portion, the second
extended portion, and the inflected portion.

12. The liquid crystal display device according to claim 10,
wherein a difference between the first thickness and the sec-
ond thickness of the insulating layer is formed by a first
lamination number of the insulating layer at the first extended
portion being smaller than a second lamination number of the
insulating layer at the inflected portion, and

adifference between the first thickness and the third thick-

ness of the insulating layer is formed by the first lami-
nation number of the insulating layer at the second por-
tion of the first extended portion being smaller than a
third lamination number of the insulating layer at the
first portion of the first extended portion.

13. The liquid crystal display device according to claim 10,
wherein each of the inflected portion and the first portion of
the first extended portion is a domain generating region.

14.The liquid crystal display device according to claim 10,
wherein a fourth thickness of the insulating layer between the
pixel electrode and the common electrode at the second
extended portion is thinner than the second thickness of the
insulating layer.
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