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Disclosed are an array substrate and a liquid crystal display
device. The array substrate comprises a base substrate, and
data lines and gate lines, which are orthogonal to each other to
define a plurality of pixel units, formed in a pixel region of the
base substrate, with each of the pixel units comprising a
switching element, a pixel electrode and a common electrode
that is overlapped with the pixel electrode. The common
electrode in each of the pixel units comprises slits, and the
slits have a shape of curved line and are parallel to each other
so as to form a slit region in the common electrode; and the
pattern profile of the pixel electrode is parallel to the profile of
the slit region of the common electrode.
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ARRAY SUBSTRATE AND LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND

[0001] Embodiments of the present disclosure relate to an
array substrate and a liquid crystal display (LCD) device.
[0002] Liquid crystal display devices are common flat dis-
play devices at present, and thin film transistor liquid crystal
display (TFT-LCD) devices are the popular kind of liquid
crystal display devices in the market.

[0003] LCDs canbe divided into types based on the form of
driving electric field. FIG. 1A is a schematic diagram show-
ing a configuration of pixel units in a conventional fringe-field
switching (FFS) type TFT-LCD. As shown in FIG. 1A, the
array substrate of the FFS type TFT-LCD can comprise a base
substrate (not shown). Data lines 5 and gate lines 2, which are
orthogonal to each other to define a plurality of pixel units, are
formed in a pixel region (display region) in the central portion
of the base substrate. Each of the pixel units may comprise a
switching element TFT, a pixel electrode 11 and a common
electrode 13, and the pixel electrode 11 and the common
electrode 13 may be formed of transparent conductive mate-
rials such as indium tin oxide (ITO) or indium zinc oxide
(IZO). The common electrode 13 is disposed in the entire
region of the pixel unit, with a plurality of slits arranged
regularly in parallel with the data line 5. During manufactur-
ing of the array substrate, the pixel electrode 11 can be formed
before the common electrode 13. The pixel electrode 11 is
disposed in the entire region beside the gate line 2 and the data
line 5 corresponding to the pixel unit, and is separated from
the gate line 2 and the data line 5 by a distance. The pixel
electrode 11 and the common electrode 13 are isolated by
using a transparent insulation material. The switching ele-
ment TFT can comprise a gate electrode 3, an active layer 6,
a source electrode 7 and a drain electrode 8, and may be
placed at a position where the gate line 2 intersects the data
line 5. The drain electrode 8 and the pixel electrode 11 can be
connected by via holes or directly; as shown in FIG. 1A, they
are connected directly. The carrier migration between the
source electrode 7 and the drain electrode 8 is controlled by
the gate electrode 3 connected to the gate line 2. The liquid
crystal molecules can be rotated by driving of the potential
difference produced between the pixel electrode 11 and the
common electrode 13. Then the transmittance of the liquid
crystal cell can be controlled by a variety of potential differ-
ences so as to form different levels and thus realize display-
ing.

[0004] FIG. 1B is a schematic diagram showing an orien-
tation state of the liquid crystal molecules in the conventional
FFS type LCD. As shown in FIGS. 1B and 1A, during the
driving operation, the liquid crystal molecules 20 in the liquid
crystal cell are arranged in a vertical direction as shown in
FIG. 1A when no electrical field is applied across the sub-
strates; and the liquid crystal molecules 20 in the liquid crys-
tal cell are arranged in a horizontal direction as shown in FIG.
1B after an electrical field is applied. Since the liquid crystal
molecules in the liquid crystal cell are rotated in the same
direction after the electrical field is applied, and the refraction
index of the liquid crystal molecules is anisotropic, the liquid
crystal display device is in different displaying states at dif-
ferent viewing angles, and the displayed colors at different
viewing angles are also different, resulting in “color shifting.”
[0005] A pixel configuration is proposed in order to reduce
“color shifting”, as shown in FIG. 1C, which is a schematic
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diagram showing another conventional pixel configuration.
The gate electrode 3, the active layer 6, the source electrode 7,
the drain electrode 8 and the pixel electrode 11 are similar to
those shown in FIG. 1A, but the common electrode 13 has a
configuration different from that shown in FIG. 1A. The
common electrode 13 shown in FIG. 1C has curved slits in the
horizontal direction, and a long-side midline of the slits is
parallel to the gate line 2, with the curved point of the slits as
a boundary line. Since the electrical field on both sides of the
boundary line at the curved portion is symmetrical about the
boundary line during the driving process and the crystal liquid
molecules 20 are rotated in two directions opposite to each
other, which are symmetrical about the boundary line, it is
possible to realize self-compensation so that “color shifting”
can be reduced to a certain extent.

[0006] However, in the pixel configuration shown in FIG.
1C, there are slits having a shape different from those of the
curved slits or regions or no slit at the edge regions, such as the
lower portion, the upper portion or the like. The electrical
field produced in those regions is different from that produced
in the regularly shaped slits, resulting in the liquid crystal
molecules being rotated differently. As aresult, the displaying
effect of the entire pixel is affected disadvantageously, thus it
is necessary to enlarge the area of the black matrix (BM) on
the color filter substrate for shielding such regions. The aper-
ture ratio and the transmittance of the liquid crystal cell are
decreased and then the display contrast ratio is affected.

SUMMARY

[0007] Embodiments of the present disclosure intends to
provide an array substrate and a liquid crystal display device
forreducing the display difference in edge regions of the pixel
units and increasing aperture ratio and display contrast ratio.

[0008] According to one embodiment of the present disclo-
sure, an array substrate is provided. The array substrate com-
prises a base substrate, and data lines and gate lines, which are
orthogonal to each other to define a plurality of pixel units,
formed in a pixel region of the base substrate, with each of the
pixel units comprising a switching element, a pixel electrode
and a common electrode that is overlapped with the pixel
electrode. The common electrode in each of the pixel units
comprises slits, and the slits have a shape of curved line and
are parallel to each other so as to form a slit region in the
common electrode; and the pattern profile of the pixel elec-
trode is parallel to the profile of the slit region of the common
electrode.

[0009] According to another embodiment of the present
disclosure, a liquid crystal display device comprising a liquid
crystal panel is provided. The liquid crystal panel comprises
a color filter substrate and the above-described array sub-
strate. A liquid crystal layer is interposed between the color
filter substrate and the array substrate, and a pattern profile of
ablack matrix on the color filter substrate and a pattern profile
of the pixel electrodes in the pixel units of the array substrate
are curved in the same direction.

[0010] Further scope of applicability of the present disclo-
sure will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of'the disclosure, are given by way of
illustration only, since various changes and modifications
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within the spirit and scope of the disclosure will become
apparent to those skilled in the art from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present disclosure will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
disclosure and wherein:

[0012] FIG. 1A is schematic diagram showing a configu-
ration of a pixel unit in a conventional FFS type TFT-LCD;
[0013] FIG. 1B is a schematic diagram showing an orien-
tation state of liquid crystal molecules in the conventional
FFS type TFT-LCD;

[0014] FIG. 1C is a schematic diagram showing a another
conventional pixel configuration;

[0015] FIG. 2A is a plan-view schematic diagram showing
a configuration of an array substrate according to a first
embodiment of the disclosure;

[0016] FIG. 2B is a schematic diagram showing an orien-
tation state of liquid crystal molecules in the array substrate
according to the first embodiment of the disclosure;

[0017] FIG. 3 is a plan-view schematic diagram showing a
configuration of an array substrate according to a second
embodiment of the disclosure;

[0018] FIG. 4 is a plan-view schematic diagram showing a
configuration of an array substrate according to a third
embodiment of the disclosure; and

[0019] FIG. 5 is a plan-view schematic diagram showing a
configuration of an array substrate according to a forth
embodiment of the disclosure.

DETAILED DESCRIPTION

[0020] Hereinafter, embodiments of the disclosure will be
described in detail with reference to the accompanying draw-
ings so that the objects, technical solutions and advantages of
the embodiments of the disclosure will become more appar-
ent. It should be noted that the embodiments described below
merely are a portion of but not all of the embodiments of the
disclosure, and thus various modifications, combinations and
alterations may be made on basis of the described embodi-
ments without departing from the spirit and scope of the
disclosure.

First Embodiment

[0021] Inthe following, the array substrate according to the
first embodiment of the disclosure will be described with
reference to FIGS. 2A and 2B. FIG. 2A is a plan-view sche-
matic diagram showing a configuration of an array substrate
according to a first embodiment of the disclosure. As shown in
FIG. 2A, the array substrate comprises a base substrate (not
shown), and data lines 5 and gate lines 2, which are orthogo-
nal to each other to define a plurality of pixel units 30, are
formed in a pixel region (display region) in the central portion
on the base substrate. Each of the pixel units 30 comprises a
switching element TFT, a pixel electrode 11 and a common
electrode 13, and the common electrode 13 comprises a plu-
rality of slits 131 formed therein.

[0022] The pixel electrode 11 and the common electrode 13
are provided on different layers separated from each other
with an insulation layer, and are overlapped with each other,
so that a horizontal electric field to rotate liquid crystal mol-

Jun. 21, 2012

ecules can be produced when a voltage difference is applied
across the two electrodes. In FIG. 2A, as an example, the
common electrode is disposed above the pixel electrode and
the common electrode has curved slits. If the common elec-
trode is disposed below the pixel electrode, the pixel electrode
can have curved slits. As a result, the common electrode 13
and/or the pixel electrode 11 in each pixel unit 30 can have
curved slits which are parallel to each other so as to form a slit
region, as indicated with the region surrounded by the dashed
line in FIG. 2A. The pattern profile of the pixel electrode 11 is
parallel to the profile of the slit region, that is, the edges of the
pixel electrode 11 are parallel to the corresponding edges of
the slit region.

[0023] The switching element TFT can comprise a gate
electrode 3, a source electrode 7 and a drain electrode 8, and
a gate insulating layer and an active layer 6 are formed
between the gate electrode 3 and the source and drain elec-
trodes 7 and 8. The source electrode 7 is connected to the data
line 5, and the drain electrode 8 is connected to the pixel
electrode 11 by via holes in a passivation layer or directly
overlapped with the pixel electrode 11. The pixel electrode 11
and the common electrode 13 are both disposed in the entire
pixel unit besides the gate line 2 and the data line 5. The
material of the pixel electrode 11 and the common electrode
13 can be a transparent conductive material such as indium tin
oxide (ITO), indium zinc oxide (IZO) or the like, with an
insulating layer being formed therebetween. The common
electrode 13 has slits 131 and can produce a horizontal elec-
trical field together with the pixel electrode 11 when a voltage
is applied across them. The slits 131 of the common electrode
13 in each of the pixel units 30 have a shape of curved line, and
the slits 131 are parallel to each other to form a slit region. The
pattern profile of the pixel electrode 11 is parallel to the
profile of the slit region. The symmetrical line of the curved
slits 131 can be the long-side midline of the pixel electrode
11.

[0024] A liquid crystal panel of a liquid crystal display
device can be formed by using the array substrate according
to the embodiment of the disclosure and a color filter sub-
strate, a liquid crystal layer is interposed between the array
substrate and the color filter substrate, the rubbing direction
of the array substrate and the rubbing direction of the color
filter substrate are perpendicular to the short side of the pixel
unit 30. For example, assuming that positive liquid crystal is
used, an absorbing axis direction of a polarizer plate of the
array substrate is parallel to the rubbing direction, and an
absorbing axis direction of a polarizer plate of the color filter
substrate is perpendicular to the rubbing direction. The liquid
crystal molecules 20 are rotated by driving due to the electri-
cal potential difference between the pixel electrode 11 and the
common electrode 13 on the array substrate. As shown in
FIG. 2A, since a long axis of the liquid crystal molecules 20
in the liquid crystal layer is parallel to the rubbing direction,
the polarized light transmitted through the polarizer plate of
the array substrate does not change its polarizing direction
after passing through the liquid crystal layer. On the other
hand, since a transmittance axis of the polarizer plate of the
color filter substrate is perpendicular to the transmittance axis
ofthe polarizer plate of the array substrate, the polarized light
can not pass through the polarizer plate of the color filter
substrate, and the liquid crystal play displays a black image.
As shown in FIG. 2B, which is a schematic diagram showing
an orientation state of liquid crystal molecules in the array
substrate according to the first embodiment of the disclosure,
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different from FIG. 2A, when an electrical field is applied, the
liquid crystal molecules 20 in the liquid crystal layer are
rotated in two directions opposite to each other, the polarized
light transmitted through the polarizer plate of the array sub-
strate changes its polarizing direction after passing through
the liquid crystal layer and can be transmitted partly through
the polarizer plate of the color filter substrate. As a result, the
liquid crystal display device can provide different transmit-
tance ratio under different driving voltage and display at
different gray scales.

[0025] In this embodiment, the common electrode of each
of'the pixel units has curved slits, and the pattern profile of the
pixel electrode is parallel to the profile of the slit region of the
common electrode, thus it is possible to make the shape of the
entire pixel units be consistent with that of the produced
electrical field, and make the electrical field produced uni-
formly in each of the pixel units. The configuration reduces
the display difference in the edge regions of the pixel units,
such as the lower portion or the upper portion of the pixel
units, which is adjacent to the gate line and the data line, and
increases the aperture ratio and the display contrast ratio. On
the other hand, the pixel units can be divided into two parts at
the position of the curved portion of the slits, and the liquid
crystal molecules in the two parts are rotated in two directions
opposite to each other when driven by the applied voltage
difference. As a result, “color shifting” at different viewing
angles due to anisotropy of the refraction index of the liquid
crystal molecules can be self-compensated and in turn the
displaying property of the liquid crystal display device can be
further improved.

[0026] Although the above description is conducted by tak-
ing an FFS type LCD as an example, those skilled in the art
can understand that the teaching of the disclosed technology
can be applied to other types of LCDs, in which the common
electrode may be or not overlapped with the pixel electrode of
a pixel unit.

Second Embodiment

[0027] Inthe following, the array substrate according to the
second embodiment of the disclosure will be described with
reference to FIG. 3. FIG. 3 is a plan-view schematic diagram
showing a configuration of an array substrate according to the
second embodiment of the disclosure. As shown in FIG. 3, the
array substrate comprises a base substrate (not shown), and
data lines 5 and gate lines 2, which are orthogonal to each
other to define a plurality of pixel units 30, are formed in the
pixel region of the base substrate. Each of the pixel units 30
comprises a switching element TFT, a pixel electrode 11 and
a common electrode 13, and the common electrode 13 is
formed with slits 131. For example, the slits 131 of the com-
mon electrode 13 in each of the pixel units 30 have a shape of
curved line, and the slits 131 are parallel to each other so as to
form aslit region. The pattern profile of the pixel electrode 11
is parallel to the profile of the slit region, and the gate line 2
and/or the data line are parallel to the pattern profile of the
adjacent (or corresponding) pixel electrodes.

[0028] Further, the patterns of the pixel electrodes 11 are
curved in opposite directions to each other in the pixel units
30 of the adjacent columns, and the pixel electrodes 11 in the
adjacent columns are displaced in a stagger manner to enable
the curved patterns to match with each other.

[0029] Inthis embodiment, since each gate line 2 is parallel
to the pattern profile of the adjacent pixel electrode 11, and the
pixel electrodes 11 in the adjacent columns are displaced in a
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stagger manner, the formed gate line 2 has a shape similar to
“_]” or “/"} . In addition, since each data line 5 is parallel to
the pattern profile of the adjacent pixel electrode 11, the data
line 5 is formed to have a shape of the same curve direction
and angle as those of the slits 131 of the common electrode 13.
[0030] Since each pixel of the liquid crystal display device
corresponds to three sub-pixels of different color filter (RGB)
onthe color filter substrate, various colors can be displayed by
combining the sub-pixels at different gray scales, and each of
the sub-pixels corresponds to one pixel unit 30 of the array
substrate. In the pixel units 30 of the array substrate according
to the embodiment of the disclosure, since the pixel elec-
trodes 11 in the adjacent columns are displaced in a stagger
manner, the pixel units 30 in each of the adjacent columns are
not displaced in the same row. If the pixel units 30 corre-
sponding to each one of the colors are displaced in the same
column continuously in the liquid crystal display device com-
prising the array substrate according to the embodiment of the
disclosure, the following color mixing modes can be used, as
shown in FIG. 3:

[0031] Color mixing mode A: the pixel unit corresponding
to color G, the pixel unit at its top left corner corresponding to
color R, the pixel unit at its top right corner corresponding to
color B are combined as one pixel to realize mixing of colors;
[0032] Color mixing mode B: the pixel unit corresponding
to color G, and the pixel unit at its down left corner corre-
sponding to color R, and the pixel unitat its down right corner
corresponding to color B are combined as one pixel to realize
mixing of colors;

[0033] Color mixing mode C: the pixel unit corresponding
to color G, the pixel unit at its down left corner corresponding
to color R, and the pixel unit at its top right corner correspond-
ing to color B are combined as one pixel to realize mixing of
colors; and

[0034] Color mixing mode D: the pixel unit corresponding
to color G, the pixel unit at its top left corner corresponding to
color R, and the pixel unit at its down right corner correspond-
ing to color B are combined as one pixel to realize mixing of
colors.

[0035] Inthe embodiment of the disclosure, the above sev-
eral color mixing modes can be used separately or in combi-
nation. In addition, the modes above are given as an example,
and there are other color mixing modes.

[0036] In this embodiment, the common electrode of each
of'the pixel units has curved slits, and the pattern profile of the
pixel electrode is parallel to the profile of the slit region of the
common electrode, thus it is possible to make the shape of the
entire pixel units be consistent with the curved electrical field,
and make the electrical field produced uniformly in each of
the pixel units. The configuration enables the display differ-
ence in the edge region of the pixel units, such as the lower
portion or the upper portion of the pixel units, which are
adjacent to the gate line and the data line, to be reduced, and
the aperture ratio and the display contrast ratio to be
increased. On the other hand, the pixel units can be divided
into two parts at the position of the curved portion of the slits,
and the liquid crystal molecules of the two parts are rotated in
two directions opposite to each other with the diving of the
voltage. As a result, “color shifting” at different viewing angle
due to anisotropy of the refraction index of the liquid crystal
molecules can be self-compensated and in turn the displaying
property of the liquid crystal display device can be further
improved. The pixel electrodes in the adjacent columns are
displaced in a stagger manner and the pixel units correspond-
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ing to each one of the colors are displaced in the same column
continuously and can take one of the several color mixing
modes described above, so more complicated information
can be displayed in the same pixel precision. In addition,
more exquisite picture can be displayed, and then the display-
ing effect and the picture quality can be further improved.

Third Embodiment
[0037] Inthe following, the array substrate according to the
third embodiment of the disclosure will be described with
reference to FIG. 4. FIG. 4 is a plan-view schematic diagram
showing a configuration of an array substrate according to the
third embodiment of the disclosure. As shown in FIG. 4, the
array substrate comprises a base substrate (not shown), and
data lines 5 and gate lines 2, which are orthogonal to each
other to define a plurality of pixel units 30, are formed in a
pixel region of the base substrate. Each of the pixel units 30
comprises a switching element TFT, a pixel electrode 11 and
a common electrode 13, and the common electrode 13 is
formed with slits 131. For example, the slits 131 of the com-
mon electrode 13 in each of the pixel units 30 have a shape of
curved line, and the slits 131 are parallel to each other so as to
form a slit region. The pattern profile of the pixel electrode 11
is parallel to the profile of the slit region, and the gate line 2
and/or the data line 5 are parallel to the pattern profile of the
adjacent pixel electrodes.
[0038] Further, the pixel units 30 in this embodiment are
arranged in a matrix.
[0039] Furthermore, the pixel units 30 are curved in the
same direction, and the gate lines 2 of all pixel units 30 are
located on the same side of the pixel units 30.
[0040] In this embodiment, the common electrode 13 of
each of the pixel units 30 has curved slits, and the pattern
profile of the pixel electrode 11 is parallel to the profile of the
slit region of the common electrode in each pixel unit 30, thus
it is possible to make the shape of the entire pixel unit be
consistent with the produced electrical field, and make the
electrical field produced uniformly in each of the pixel units
uniform. The configuration enables the display difference in
the edge region of the pixel units to be reduced, and the
aperture ratio and the display contrast ratio to be increased.
On the other hand, each of the pixel units can be divided into
two parts at the position of the curved portion of the slits, and
the liquid crystal molecules in the two parts can be rotated in
two directions opposite to each other by driving of the volt-
age. As a result, “color shifting” at different viewing angles
due to anisotropy of the refraction index of the liquid crystal
molecules can be self-compensated and in turn the displaying
property of the liquid crystal display device can be further
improved.
[0041] FIG. 5 is a plan-view schematic diagram showing a
configuration of an array substrate according to the embodi-
ment of the disclosure. In the above array substrates accord-
ing to the first, second and third embodiments, an angle
between the curved line of the slits 131 of the common elec-
trode 13 and the long-side midline X of each pixel unit 30 may
be in a range from 45° to 135°, preferably from 60° to 120°.
The width of the slits 131 of the common electrode 13 may in
a range of 2 to 10 um, and the width of the strips of the
transparent conduction material of the common electrode
between the adjacent slits 131 may be in a range of preferably
2-10 pum.

Fourth Embodiment

[0042] A liquid crystal display device is provided accord-
ing to the fourth embodiment of the disclosure. The liquid
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crystal display device comprises a liquid crystal panel. The
liquid crystal panel can comprise a color filter substrate and
any one of the array substrate according to the above embodi-
ments of the disclosure disposed oppositely, with a liquid
crystal layer interposed therebetween. The pattern profile of
the black matrix on the color filter substrate and the pattern
profile of the pixel electrodes in the pixel units on the array
substrate are curved in the same direction.

[0043] Further, since each pixel of the liquid crystal display
device corresponds to three sub-pixels of different color filter
(RGB) on the color filter substrate, various colors can be
displayed by combining the three sub-pixels at different gray
scales, and each of the sub-pixels corresponds to one pixel
unit 30 of the array substrate. In the pixel units of the array
substrate according to the embodiment of the disclosure,
since the pixel electrodes in the adjacent columns are dis-
placed in a stagger manner, the pixel units in each of the
adjacent columns are not displaced in the same row. If the
pixel units corresponding to each one of the colors are dis-
placed in the same column continuously, the color mixing of
the color filter on the color filter substrate can take one or
more selected from color mixing modes listed in following:
[0044] The pixel unit corresponding to a first color, the
pixel unit at its top left corner corresponding to a second
color, and the pixel unit at its top right corner corresponding
to a third color are combined as one pixel to realize mixing of
colors;

[0045] The pixel unit corresponding to the first color, the
pixel unit at its down left corner corresponding to the second
color, and the pixel unit at its down right corner corresponding
to the third color B are combined as one pixel to realize
mixing of colors;

[0046] The pixel unit corresponding to first color, the pixel
unit at its down left corner corresponding to the second color,
and the pixel unit at its top right corner corresponding to third
color are combined as one pixel to realize mixing of colors;
[0047] The pixel unit corresponding to the first color, the
pixel unit at its top left corner corresponding to the second
color, and the pixel unit at its down right corner corresponding
to the third color are combined as one pixel to realize mixing
of colors.

[0048] For example, with reference to FIG. 3 in the above
embodiments, the following color mixing modes can be
obtained.

[0049] Color mixing mode A: the pixel unit corresponding
to color G, the pixel unit at its top left corner corresponding to
color R, the pixel unit at its top right corner corresponding to
color B are combined as one pixel to realize mixing of colors;
[0050] Color mixing mode B: the pixel unit corresponding
to color G, and the pixel unit at its down left corner corre-
sponding to color R, and the pixel unit at its down right corner
corresponding to color B are combined as one pixel to realize
mixing of colors;

[0051] Color mixing mode C: the pixel unit corresponding
to color G, the pixel unit at its down left corner corresponding
to color R, and the pixel unit at its top right corner correspond-
ing to color B are combined as one pixel to realize mixing of
colors; and

[0052] Color mixing mode D: the pixel unit corresponding
to color G, the pixel unit at its top left corner corresponding to
color R, and the pixel unit at its down right corner correspond-
ing to color B are combined as one pixel to realize mixing of
colors.
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[0053] In the liquid crystal display device according to the
embodiment of the disclosure, an angle between the rubbing
direction of the array substrate and the long-side midline of
the pixel units may be in the range from 80° to 100°; or an
angle between the rubbing direction of the color filter sub-
strate and the long-side midline of the pixel units may be in
the range from —100° to —80°. When a positive type of liquid
crystal material is used, an absorbing axis direction of the
polarizer plate of the array substrate is parallel to the rubbing
direction, and an absorbing axis direction of the polarizer
plate of the color filter substrate is perpendicular to the rub-
bing direction.

[0054] The liquid crystal molecules are rotated under driv-
ing of the electrical potential difference between the pixel
electrode 11 and the common electrode 13 in each pixel unit
on the array substrate of the liquid crystal display device
according to this embodiment. As shown in FIG. 2A, since a
long axis of the liquid crystal molecules 20 in the liquid
crystal layer is parallel to the rubbing direction, the polarized
light transmitted through the polarizer plate of the array sub-
strate does not change its polarizing direction after passing
through the liquid crystal layer. On the other hand, since a
transmittance axis of the polarizer plate of the color filter
substrate is perpendicular to the transmittance axis of the
polarizer plate of the array substrate, the polarized light can
not pass through the polarizer plate of the color filter sub-
strate, and the liquid crystal panel shows a black image. As
shown in FIG. 2B, when an electrical field is applied, the
liquid crystal molecules 20 in the liquid crystal layer are
rotated in two directions opposite to each other, the polarized
light transmitted through the polarizer plate of the array sub-
strate can change its polarizing direction after passing
through the liquid crystal layer and can be transmitted partly
through the polarizer plate of the color filter substrate. As a
result, the liquid crystal display device can provide different
transmittance ratio under different driving voltages and dis-
play at different gray scales.

[0055] In this embodiment, the common electrode of each
of'the pixel units has curved slits, and the pattern profile of the
pixel electrode is parallel to the profile of the slit region of the
common electrode, thus it is possible to make the shape of the
entire pixel unit be consistent with the produced electrical
field, and make the electrical field inside of each of the pixel
units uniform. The configuration enables to reduce the dis-
play difference in the edge region of the pixel units, such as
the lower portion or the upper portion of the pixel units, which
are adjacent to the gate line and the data line, and increases the
aperture ratio and the display contrast ratio. On the other
hand, the pixel units can be divided into two parts at the
position of the curved portion of the slits, and the liquid
crystal molecules of the two parts are rotated in two directions
opposite to each other when driven by the voltage. As a result,
“color shifting” at different viewing angles due to anisotropy
of the refraction index of the liquid crystal molecules can be
self-compensated and in turn the displaying property of the
liquid crystal display device is further improved.

[0056] It should be appreciated that the embodiments
described above are intended to illustrate but not limit the
present disclosure. Although the present disclosure has been
described in detail herein with reference to the preferred
embodiments, it should be understood by those skilled in the
art that the present disclosure can be modified and some of the
technical features can be equivalently substituted without
departing from the spirit and scope of the present disclosure.
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What is claimed is:

1. An array substrate, comprising:

a base substrate, and

data lines and gate lines, which are orthogonal to each other
to define a plurality of pixel units, formed in a pixel
region of the base substrate, with each of the pixel units
comprising a switching element, a pixel electrode and a
common electrode,

wherein the common electrode in each of the pixel units
comprises slits, and the slits have a shape of curved line
and are parallel to each other so as to form a slit region in
the common electrode, and

wherein the pattern profile of the pixel electrode is parallel
to the profile of the slit region of the common electrode.

2. The array substrate according to claim 1, wherein the
gate lines and/or the data lines are parallel to the pattern
profile of adjacent pixel electrodes.

3. The array substrate according to claim 2, wherein the
patterns of the pixel electrodes are curved opposite to each
other in the pixel units of adjacent columns and the pixel
electrodes in the adjacent columns are displaced in a stagger
manner so as to enable the curved patterns to match with each
other.

4. The array substrate according to claim 1, wherein all the
pixel units are arranged in a matrix.

5. The array substrate according to claim 4, wherein all the
pixel units are curved in a same direction, and the gate lines of
all the pixel units are located on a same side of the pixel units.

6. The array substrate according to claim 1, wherein an
angle between the curved line of the slits of the common
electrode and a long-side midline of the corresponding pixel
unit ranges from 45° to 135°.

7. The array substrate according to claim 6, wherein the
angle between the curved line of the slits of the common
electrode and a long-side midline of the corresponding pixel
unit ranges from 60° to 120°.

8. The array substrate according to claim 6, wherein a
width of the slits of the common electrode ranges from 2 pm
to 10 pm, and a width of strips of the common electrode
between adjacent slits ranges from 2 pm to 10 pm.

9. The array substrate according to claim 1, wherein the
common electrode is overlapped with the pixel electrode.

10. A liquid crystal display device, comprising:

a liquid crystal panel, which comprises a color filter sub-
strate and the array substrate according to claim 1 that
are disposed oppositely to each other,

wherein a liquid crystal layer is interposed between the
color filter substrate and the array substrate, and a pat-
tern profile of a black matrix on the color filter substrate
and a pattern profile of the pixel electrodes in the pixel
units of the array substrate are curved in a same direc-
tion.

11. The liquid crystal display device according to claim 10,
wherein color filters on the color filter substrate is configured
based on a following mixing color mode:

a first unit pixel corresponding to a first color, a second
pixel unit at the first pixel unit’s top left corner corre-
sponding to a second color, and a third pixel unit at the
first pixel unit’s top right corner corresponding to a third
color, combined as one pixel;

a first unit pixel corresponding to a first color, a second
pixel unit at the first pixel unit’s down left corner corre-
sponding to a second color, and a third pixel unit at the
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first pixel unit’s down right corner corresponding to a
third color B, combined as one pixel;

a first unit pixel corresponding to a first color, a second
pixel unit at the first pixel unit’s down left corner corre-
sponding to a second color, and a third pixel unit at the
first pixel unit’s top right corner corresponding to a third
color, combined as one pixel; or

a first unit pixel corresponding to a first color, a second
pixel unit at the first pixel unit’s top left corner corre-
sponding to the second color, and a third pixel unit at the
first pixel unit’s down right corner corresponding to a
third color, combined as one pixel.

12. The liquid crystal display device according to claim 10,
wherein both a rubbing direction of the array substrate and a
rubbing direction of the color filter substrate are perpendicu-
lar to a short-side direction of the pixel units.

13. The liquid crystal display device according to claim 10,
wherein an angle between a rubbing direction of the array
substrate and a long-side midline of the pixel units ranges
from 80° to 100°, and an angle between a rubbing direction of
the color filter substrate and the long-side midline of the pixel
units ranges from —100° to -80°.

14. The liquid crystal display device according to claim 10,
wherein the gate lines and/or the data lines are parallel to the
pattern profile of adjacent pixel electrodes.
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15. The liquid crystal display device according to claim 14,
wherein the patterns of the pixel electrodes are curved oppo-
site to each other in the pixel units of adjacent columns and the
pixel electrodes in the adjacent columns are displaced in a
stagger manner so as to enable the curved patterns to match
with each other.

16. The liquid crystal display device according to claim 10,
wherein all the pixel units are arranged in a matrix.

17. The liquid crystal display device according to claim 16,
wherein all the pixel units are curved in a same direction, and
the gate lines of all the pixel units are located on a same side
of the pixel units.

18. The liquid crystal display device according to claim 10,
wherein an angle between the curved line of the slits of the
common electrode and a long-side midline of the correspond-
ing pixel unit ranges from 45° to 135°.

19. The liquid crystal display device according to claim 18,
wherein the angle between the curved line of the slits of the
common electrode and a long-side midline of the correspond-
ing pixel unit ranges from 60° to 120°.

20. The liquid crystal display device according to claim 18,
wherein a width of the slits of the common electrode ranges
from 2 pm to 10 um, and a width of strips of the common
electrode between adjacent slits ranges from 2 um to 10 pm.

# * #* ok %



patsnap

TREBHR(OF) FEFIERMBERETREE
[F(2E)F US20120154724A1 [ (r&)B 2012-06-21
RiES US13/326742 B H 2011-12-15

FRIFB(RFR)A(GE) HBREAAXERZARLA
REAPBEEARGERLT

RE(EFR)AGE) BERRR G K ERE AR F.
ERABEERARDAERLF.

SRR E(EARAGE) RRABEEARGERAF.
RERER A BN BERAT.

[FRIK B A YANG RUIZHI
LIM JUN HWAN
HUANG WEIYUN

REAA YANG, RUIZHI
LIM, JUN HWAN
HUANG, WEIYUN

IPCHEE GO02F1/1335 HO1L27/15 GO2F1/1343

CPCH¥%(= GO02F1/134309 G02F2201/52 G02F2001/134318 G02F1/134363
i £ 201010606968.0 2010-12-16 CN

H 20 FF 32k US8836900

SNEBEEHE Espacenet USPTO

RE(GR)

DIFT —HEFERMRREEREE. BFIERTEEMER , BIRL
MR, ENREERMRES MEELET , FREEMERN KRR
XEd , SMEERTOEFXATM  GRERNSEREREENL
Hetk,. FMERETPHLOLBRTIERE |, FAEEFHLTR
F BRI FATUE R BN PRIk X, BB R BRI EREEF
TT R MABRE X AR



https://share-analytics.zhihuiya.com/view/95583e3e-6363-42b7-b941-d84ac940ff66
https://worldwide.espacenet.com/patent/search/family/046233968/publication/US2012154724A1?q=US2012154724A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120154724%22.PGNR.&OS=DN/20120154724&RS=DN/20120154724

