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(54) ARRAY SUBSTRATE, LIQUID CRYSTAL PANEL AND DISPLAY DEVICE

(57) Embodiments of the present invention disclose
an array substrate, a liquid crystal panel and a display
device. In the array substrate according to an embodi-
ment of the present invention, each part of the pixel elec-
trode constituting the pixel unit is contained within one
structural unit, and slits of different parts of the pixel elec-
trodes, which constitute different pixel units, within the
structural unit have the same inclining direction, and
therefore the transmissivity of the pixel unit can be in-
creased.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
an array substrate, a liquid crystal panel and a display
device.

BACKGROUND

[0002] In an Advanced-Super Dimensional Switching
(AD-SDS) technology, a multi-dimensional electric field
is formed with both a parallel electric field produced at
edges of pixel electrodes on the same plane and a vertical
electric field produced between a pixel electrode layer
and a common electrode layer, so that liquid crystal mol-
ecules at all orientations, which are located directly above
the electrodes and between the pixel electrodes in a liquid
crystal cell, can be rotated and aligned, which enhances
the work efficiency of planar-oriented liquid crystals and
increases light transmittance. The Advanced-Super Di-
mensional Switching technology can improve the picture
quality of TFT-LCDs and has advantages of high trans-
missivity, wide viewing angles, high opening ratio, low
chromatic aberration, low response time, no push Mura,
etc.
[0003] The structure of an array substrate 100 in an
existing AD-SDS mode liquid crystal display is shown in
FIG. 1. The array substrate 100 comprises: a plurality of
gate lines 101 which are parallel to one another and
formed on a transparent substrate (not shown), a plurality
of common wirings (not shown), and a plurality of data
lines 102 perpendicular to the gate lines 101. A portion
surrounded by two adjacent gate lines 101 and two ad-
jacent data lines 102 is referred to as a structural unit,
which corresponds to a pixel unit in FIG. 1. Four pixel
units with identical structure are shown in FIG. 1; here,
only the constituent parts in the pixel unit on the top-left
corner are denoted, and other pixel units are identical
with this one in structure. Each of the pixel units includes:
a transparent opposed electrode 103, which is connected
to a common electrode line and covers the whole pixel
unit; and a pixel electrode 104, which is disposed on the
opposed electrode 103 via a transparent insulating film
(not shown) therebetween and has a plurality of slits 105,
which are arranged in a "<" shape as a whole. That is,
the inclining direction of the slits 105 in the upper part of
the pixel electrode 104 within the pixel unit and the in-
clining direction of the slits 105 in the lower part of the
pixel electrode 104 are symmetric with each other with
respect to the horizontal central axis X of the pixel elec-
trode 104. With the alignment of the slits 105 in this man-
ner, a color change due to viewing angle variation may
be prevented from occurring in a liquid crystal display
having such kind of pixel units.
[0004] The array substrate 100 as shown in FIG. 1 fur-
ther includes a thin film transistor (TFT) 106 as a switch-
ing element of the pixel unit, which is disposed near the

intersection between the gate line 101 and the data line
102. The source electrode of the TFT 106 is electrically
connected to an extending portion of the data line 102,
the drain electrode of the TFT 106 is electrically connect-
ed to the pixel electrode 104 having the plurality of slits
105 via a through hole (not shown), and the gate elec-
trode of the TFT 106 is a part of the gate line 101.
[0005] In the course of studying the above AD-SDS
mode liquid crystal display, the inventors discover that it
has at least the following issues. The neighborhood of
the central axis of the pixel electrode 104 is the place
where the slits 105 with two different inclining directions
meet with each other, and when a voltage is applied be-
tween the pixel electrode 104 and the opposed electrode
103, the liquid crystal molecules in correspondence to
the place will be operated by electric fields in two direc-
tions and will substantially not be rotated due to counter-
action of the two electric fields with each other. In con-
sequence, transmissivity at the place is very low, and
further, an aperture ratio of the whole liquid crystal display
is decreased, which causes a poor display effect.

SUMMARY

[0006] According to embodiments of the present inven-
tion, there are provided an array substrate, a liquid crystal
panel and display device for enhancing transmissivity of
a pixel unit.
[0007] In one aspect of the present invention, there is
provided an array substrate, comprising: a plurality of
gate lines parallel to each other and a plurality of data
lines parallel to each other, two gate lines adjacent to
each other and two data lines adjacent to each other
defining a structural unit; and a plurality of pixel units,
one of the pixel units comprising:
[0008] a first part pixel electrode having first slits and
a second part pixel electrode having second slits, which
are located within the structural units on two sides of a
gate line, respectively, the first part pixel electrode and
the second part pixel electrode being electrically con-
nected;
[0009] wherein, within a first structural unit to which the
first part pixel electrode belongs, a third part pixel elec-
trode having third slits is disposed in a region without the
first part pixel electrode; an inclining direction of the third
slits and an inclining direction of the first slits are the
same, and the third part pixel electrode and the first part
pixel electrode are electrically separated from each other;
and
[0010] within a second structural unit to which the sec-
ond part pixel electrode belongs, a fourth part pixel elec-
trode having fourth slits is disposed in a region without
the second part pixel electrode; an inclining direction of
the fourth slits and an inclining direction of the second
slits are the same, and the fourth part pixel electrode and
the second part pixel electrode are electrically separated
from each other.
[0011] In another aspect of the present invention, there
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is provided a liquid crystal panel, comprising: a color filter
substrate, the aforesaid array substrate and a liquid crys-
tal layer interpolated between the color filter substrate
and the array substrate.
[0012] In another aspect of the present invention, there
is provides a display device, comprising the aforesaid
liquid crystal panel.
[0013] In the array substrate, the liquid crystal panel
and the display device provided in the embodiments of
the present invention, each part of the pixel electrode
constituting the pixel unit is contained within one struc-
tural unit, and slits of different parts of the pixel elec-
trodes, which constitute different pixel units, within the
structural unit have the same inclining direction. There-
fore, an issue in a conventional technology that, slits hav-
ing different inclining directions in the same structural
unit form a meeting area in a central region of the struc-
tural unit so that liquid crystal molecules corresponding
to the central region can not be normally rotated and
transmissivity is adversely affected, can be solved. Ac-
cordingly, the array substrate according to technical so-
lutions of the embodiments of the present invention can
increase transmissivity of the pixel unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] To illustrate technical solutions in embodiments
of the present invention or prior art more clearly, accom-
panied drawings will be briefly introduced below. Obvi-
ously, the accompanied drawings described below are
merely some embodiments of the present invention, and
other drawings may be obtained by those skilled in the
art from these accompanied drawings without creative
work.
[0015] FIG. 1 is a partially schematic plan illustrating
an array substrate in an existing AD-SDS mode liquid
crystal display;
[0016] FIG 2 is a schematic plan illustrating a kind of
pixel unit according to embodiment 1 of the present in-
vention;
[0017] FIG. 3 is a schematic plan illustrating another
kind of pixel unit according to embodiment 1 of the
present invention;
[0018] FIG. 4 is a schematic plan illustrating a kind of
array substrate according to embodiment 2 of the present
invention;
[0019] FIG. 5 is a schematic view illustrating a liquid
crystal panel according an embodiment of the present
invention.

DETAILED DESCRIPTION

[0020] Hereinafter, technical solutions in embodi-
ments of the present invention will be clearly and fully
described in combination with the accompanied draw-
ings in the embodiments of the present invention. Appar-
ently, the embodiments to be described herein are merely
a part of embodiments of the present invention, rather

than all of the embodiments. Every other embodiment,
which is obtained by those ordinary skilled in the art on
the basis of embodiments in the present invention without
creative work, comes within the protection scope of the
present invention.
[0021] Embodiment 1
[0022] This embodiment provides an array substrate
having a plurality of pixel units. As shown in FIG. 2, the
array substrate 200 includes a plurality of pixel units 20
arranged in a certain array manner. These pixel units are
defined by a plurality of parallel gate lines 201 and a
plurality of parallel data lines 214, which are intersected
with one another. A portion surrounded by two adjacent
gate lines 201 and two adjacent data lines 214 form a
structural unit 206, 209. On the array substrate 200, each
of the pixel units 20 is the portion enclosed by the broken-
line box in FIG. 2, and includes a first part pixel electrode
203 with first slits 202 and a second part pixel electrode
205 with second slits 204, which are located on two sides
of a corresponding gate line 201, respectively. The first
part pixel electrode 203 and the second part pixel elec-
trode 205 are electrically connected to each other; and
the inclining direction of the first slits 202 and the inclining
direction of the second slits 204 are symmetric with re-
spect to the gate line 201 located therebetween, and the
first slits 202 and the second slits 204 are located within
the structural unit 206 in the upper part and within the
structural unit 209 in the lower part in the figure, respec-
tively.
[0023] Within the first structural unit 206 to which the
first part pixel electrode 203 belongs, a third part pixel
electrode 208 with third slits 207 is disposed in (covers)
a region without the first part pixel electrode 203. The
third part pixel electrode 208 belongs to another adjacent
pixel unit in the preceding row, and the inclining direction
of the third slits 207 of the third part pixel electrode 208
and the inclining direction of the first slits 202 of the first
part pixel electrode 203 are the same as each other and
thus parallel to each other. The third part pixel electrode
208 and the first part pixel electrode 203 are electrically
separated from each other.
[0024] Within the second structural unit 209 to which
the second part pixel electrode 205 belongs, a fourth part
pixel electrode 211 with fourth slits 210 is disposed in
(covers) the region without the second part pixel elec-
trode 205. The fourth part pixel electrode 211 belongs to
another adjacent pixel unit in the following row, and the
inclining direction of the fourth slits 210 for the fourth part
pixel electrode 211 and the inclining direction of the sec-
ond slits 204 for the second part pixel electrode 205 are
the same as each other and thus parallel to each other.
The fourth part pixel electrode 211 and the second part
pixel electrode 205 are electrically separated from each
other.
[0025] In an example of the embodiment, the area of
the third part pixel electrode 208 and the area of the first
part pixel electrode 203 are approximately equal, and the
area of the fourth part pixel electrode 211 and the area
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of the second part pixel electrode 205 are approximately
equal. In an array substrate of the AD-SDS mode liquid
crystal display of the embodiment, two parts of the pixel
electrode with different inclining directions of slits within
the same pixel unit are made to have approximately the
same area, and a better transmissivity can be achieved.
[0026] The pixel unit 20 further includes: a first op-
posed electrode 212 which is opposed to the first part of
pixel electrode 203 via an insulating layer (not shown)
therebetween; a second opposed electrode 213 which
is opposed to the second part of pixel electrode 205 via
an insulating layer (not shown) therebetween; and a thin
film transistor (TFT) as a switching element which is lo-
cated near an intersection of the gate line 201 and the
data line 214. The source electrode of the TFT is electri-
cally connected to a data line 214, the drain electrode
thereof is electrically connected via a through hole to the
first part pixel electrode 203 and the second part pixel
electrode 205 which are electrically connected to each
other, and a gate electrode thereof is a part of the corre-
sponding gate line 201 for example.
[0027] In the embodiment, the first opposed electrode
212 and the second opposed electrode 213 are common
electrodes, and for instance, are disposed on the same
layer; and the first part pixel electrode 203, the second
part pixel electrode 205 and the like are pixel electrodes,
and for instance, are disposed on the same layer. In the
pixel units according to the embodiment, the pixel elec-
trodes can be disposed over the common electrodes,
and may also be disposed under the common electrodes;
the electrode disposed on the top has slits to expose the
underlying electrode so as to be capable of forming a
multi-dimensional electric field for driving liquid crystals
when a driving voltage is applied between the electrode
disposed on the top and the underlying electrode. Pixel
electrodes and common electrodes stacked on top of
each other can be separated from each other with a single
insulating layer (e.g., a transparent resin) or with a plu-
rality of film layers (e.g., separated with a gate insulating
layer and a passivation layer); and the pixel electrodes
can be electrically connected to drain electrodes of TFTs
via through holes, and also can be directly overlap the
drain electrodes to achieve electric connection. The fore-
going cases each do not depart from the protection scope
of the embodiment.
[0028] Likewise, as to the third part pixel electrode 208
for the adjacent preceding pixel unit and the fourth part
pixel electrode 211 for the adjacent following pixel unit,
opposed electrodes as the common electrodes are pro-
vided similarly.
[0029] In a pixel unit with the above structure, each
part of the pixel electrode constituting the pixel unit is
contained within a structural unit, and slits of different
parts of pixel electrodes, which constitute different pixel
units, within the same structural unit have the same in-
clining direction. Therefore, the issue, in such as a con-
ventional technology shown in FIG. 1, that slits having
different inclining directions are present in the same

structural unit, and these slits form a meeting area in the
central region of the structural unit so that liquid crystal
molecules corresponding to the central region can not
be normally rotated and transmissivity is adversely af-
fected, can be solved. Accordingly, the structure of the
pixel unit according to the embodiment can increase
transmissivity of the pixel unit.
[0030] Furthermore, if in the pixel unit, the slits of the
two parts of the pixel electrode, which are located within
two adjacent structural units, are symmetric with each
other with respect to the corresponding intermediate gate
line, i.e., in an arrangement mode which is similar to that
of the slits of the pixel electrode in the existing pixel unit
as shown in FIG.1, a color change due to viewing angle
variation also can be prevented from occurring in a liquid
crystal display having the pixel unit.
[0031] Of course the structure of slits of the first part
pixel electrode 203 and the second part pixel electrode
205 is not limited to the closed structure as shown in FIG
2, and can also employ the single side opening structure
as shown in FIG. 3, which accordingly can increase the
opening length of the slits and enhance the utilization
ratio of the space so as to further increase transmissivity
of the pixel unit and save the production costs. Further-
more, the structure of slits of the first part pixel electrode
203 and the second part pixel electrode 205 can be other
structure known by those skilled in the art, only if the
function of driving liquid crystals can be achieved.
[0032] In a pixel unit 20’ of the array substrate 200’ as
shown in FIG. 3, except that the structure of the slits of
the pixel electrodes changes, the structures of other parts
are the same as those shown in FIG. 2, and thus the
same reference numerals as FIG. 2 are used.
[0033] Embodiment 2
[0034] This embodiment provides an array substrate
200" having a plurality of the pixel units as provided in
the embodiment 1. The pixel units crossing the same
gate line on the array substrate, i.e., the pixel units under
the control of the same gate line, can have the same
arrangement structure for slits. As shown in FIG. 4, a first
pixel unit 41 enclosed by a broken-line box and a second
pixel unit 42 enclosed by another broken-line box are
adjacent to each other in the extending direction of a gate
line 43, and cross the same gate line 43, and the two
pixel units 41 and 42 have the same arrangement struc-
ture for slits.
[0035] The two pixel units 41 and 42 may also have
different arrangement structures for slits in another em-
bodiment and, for example, are symmetric with each with
respect to an intermediate data line. The arrangement
structure for slits for the pixel electrode on different pixel
units can be selected according to different process re-
quirements.
[0036] As the pixel unit provided in embodiment 1 is
employed in the array substrate in this embodiment, not
only a color change due to viewing angle variation can
be prevented from occurring in a liquid crystal display,
but also transmissivity can be enhanced.
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[0037] Embodiment 3
[0038] This embodiment provides a liquid crystal panel
10, which includes a color filter substrate 300 and an
array substrate 200 provided in the embodiment 1 or 2.
The color filter substrate 300 and the array substrate 200
are disposed opposite to each other and combined to-
gether, and a liquid crystal layer 400 is filled therebe-
tween, so as to obtain the liquid crystal panel 10. The
color filter substrate 300 may be a color filter substrate
having strip-like color filters, or a color filter substrate of
other type known by those skilled in the art. For example,
the liquid crystal panel according to the embodiment may
be configured in such a manner that the color filter sub-
strate may have a structure in which the strip-like R, G
and B are employed; and to ensure the light shading ef-
fect, a black matrix (BM) on the color filter substrate cor-
responds to data lines and gate lines on the array sub-
strate.
[0039] The driving mode of signals on the array sub-
strate of the liquid crystal panel may be a column inver-
sion mode, or other driving mode of signals known by
those skilled in the art.
[0040] As the array substrate provided from embodi-
ment 2 is employed in the liquid crystal panel provided
from the embodiment, not only a color change due to
viewing angle variation can be prevented, but also trans-
missivity can be enhanced.
[0041] Embodiment 4
[0042] This embodiment provides a display device,
which comprises the liquid crystal panel 10 provided in
embodiment 3. As shown in FIG. 5, under (or behind) the
liquid crystal panel 10, there may be further provided a
backlight module 500 as a light source for displaying.
This backlight module 500 may be a direct type or side-ir-
radiating type, and may employ a color cathode fluores-
cence light (CCFL) or a light-emitting diode (LED) as a
light source. The display device can be a liquid crystal
display, a liquid crystal television, a tablet computer, a
cell phone, a notebook computer and other device having
the display function. As the liquid crystal panel according
to embodiment 3 is used in the display device of the em-
bodiment, not only a color change due to viewing angle
variation can be prevented, but also transmissivity can
be enhanced.
[0043] Embodiments of the present invention can be
applied to an AD-SDS mode liquid crystal panel, but also
can be applied to a liquid crystal panel of other type, such
as an in-plain switch (IPS) type or a fringe field switch
(FFS) type.
[0044] The descriptions made above are merely the
specific embodiments of the present invention, but the
protection scope of the present invention is not limited
thereto. All such modifications or replacements falling
within the technical scope disclosed by the present in-
vention as would be obvious to those skilled in the art
are intended to be included within the protection scope
of the present invention. Thus, the protection scope of
the present invention shall be defined by the protection

scope of the following claims.

Claims

1. An array substrate, comprising:

a plurality of gate lines parallel to each other and
a plurality of data lines parallel to each other,
two gate lines adjacent to each other and two
data lines adjacent to each other defining a
structural unit; and
a plurality of pixel units, one of the pixel units
comprising:

a first part pixel electrode having first slits
and a second part pixel electrode having
second slits, which are located within the
structural units on two sides of a gate line,
respectively, the first part pixel electrode
and the second part pixel electrode being
electrically connected;
wherein, within a first structural unit to which
the first part pixel electrode belongs, a third
part pixel electrode having third slits is dis-
posed in a region without the first part pixel
electrode; an inclining direction of the third
slits and an inclining direction of the first slits
are the same, and the third part pixel elec-
trode and the first part pixel electrode are
electrically separated from each other; and
within a second structural unit to which the
second part pixel electrode belongs, a
fourth part pixel electrode having fourth slits
is disposed in a region without the second
part pixel electrode; an inclining direction of
the fourth slits and an inclining direction of
the second slits are the same, and the fourth
part pixel electrode and the second part pix-
el electrode are electrically separated from
each other.

2. The array substrate according to claim 1, wherein
the first slits, the second slits, the third slits and the
fourth slits have a closed structure or a single side
opening structure.

3. The array substrate according to claim 1 or 2, where-
in the first slits and the second slits are symmetric
with each other with respect to the gate line located
therebetween.

4. The array substrate according to any one of claims
1-3, wherein the third part pixel electrode belongs to
a preceding pixel unit adjacent to the one of the pixel
units.

5. The array substrate according to any one of claims
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1-4, wherein the fourth part pixel electrode belongs
to a following pixel unit adjacent to the one of the
pixel units.

6. The array substrate according to any one of claims
1-5, wherein each of the pixel units further includes
a common electrode opposed to the pixel electrode.

7. The array substrate according to any one of claims
1-6, wherein the pixel units crossing the same one
of the gate lines have the same arrangement struc-
ture for slits.

8. The array substrate according to any one of claims
1-7, wherein two pixel units adjacent to each other
in an extending direction of the gate line are sym-
metric with each other with respect to a data line
located therebetween.

9. A liquid crystal panel, comprising:

a color filter substrate,
the above array substrate according to any one
of claims 1-8; and
a liquid crystal layer interpolated between the
color filter substrate and the array substrate.

10. The liquid crystal panel according to claim 9, wherein
a black matrix on the color filter substrate corre-
sponds to the data lines and the gate lines on the
array substrate.

11. A display device, comprising the liquid crystal panel
according to claim 8.

12. The display device according to claim 11, further
comprising a backlight module which is disposed be-
hind the liquid crystal panel for providing a light
source for the liquid crystal panel.
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