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TFT-LCD ARRAY SUBSTRATE AND DISPLAY
DEVICE

FIELD OF THE INVENTION

[0001] Embodimentsofthe invention relatesto a TFT-LCD
array substrate and a display device.

BACKGROUND

[0002] Currently, display modes of Thin Film Transistor
Liquid Crystal Display (TFT-LCD) include a Twisted Nem-
atic (TN) mode, a Vertical Alignment (VA) mode, an In-
plane-Switching (IPS) mode, an ADS mode and etc.

[0003] TheADS mode is acoretechnology of plane electric
field wide viewing angle—Advanced Super Dimension
Switch, and its core technical characterization is described as
follows: a multi-dimensional electric field is formed by an
electric field generated between edges of slit electrodes in the
same plane as well as an electric field generated between the
slit electrode layer and a plate electrode layers, so that the
liquid crystal molecules of all alignment directions between
the slit electrodes and right above the electrode in a liquid
crystal cell can rotate, thereby improving the liquid crystal
working efficiency and increasing the light transmission effi-
ciency. Advanced super dimensional switch technology can
improve the picture quality of TFT-LCD products, and have
the advantages such as high resolution, high transmittance,
low power consumption, wide viewing angle, high aperture
ratio, low chromatic aberration, no squeezing water ripple
(push Mura). For different applications, ADS technology has
some improved techniques, e.g., a high transmittance I-ADS
technology, high aperture ratio H-ADS and high resolution
S-ADS.

[0004] As illustrated in FIG. 1, gate lines 22 and data lines
21 are formed on a TFT-L.CD array substrate of existing ADS
mode, and adjacent gate lines 22 and data lines 21 define
sub-pixel regions (i.e., an R sub-pixel region, a G sub-pixel
region, or a B sub-pixel region). Each sub-pixel region is
formed with a thin-film transistor (TFT), a strip common
electrode 24 and a pixel electrode 25. An insulating layer is
disposed between the common electrode 24 and the pixel
electrode 25 (not illustrated in the plan view). In the absence
of a voltage, no electric field is generated between the com-
mon electrode 24 and the pixel electrode 25, and the liquid
crystal molecules between the array substrate and the color
filter substrate 26 are not deflected; upon a voltage being
applied, a horizontal electric filed is generated between the
common electrode 24 and the pixel electrode 25, and the
liquid crystal molecules 26 are deflected along the direction
of the electric field so as to achieve a higher transmission
efficiency with a wide viewing angle.

[0005] As illustrated in FIG. 2, the TFT-LCD array sub-
strate of the existing ADS mode typically adopts “A” shape of
adual-domain pixel structure, i.e. the common electrode 34 is
of a “A” shape. Upon a voltage being applied, the liquid
crystal molecules have a symmetrical orientation, and the
displaying view angle can keep a consistent symmetry within
a specific angle. However, when the screen is rotated or is
watched from different angles, the display viewing angle is
not symmetrical consistently due to the different apparent
lengths of the liquid crystal molecules, (e.g., the viewing
angle in directions at 0°, 90°, 180° and 270° has a relatively
larger difference from that in directions at 45°, 135°,225° and
315°), thereby resulting in a poor displaying effect.
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SUMMARY

[0006] Anembodimentofthe invention provides a thin film
transistor liquid crystal display array substrate, comprising a
pixel area, the pixel area comprising a plurality of pixel units
arranged in an array, each of the pixel units comprising a first
electrode and a second electrode generating ahorizontal elec-
tric field with the first electrode, wherein the second electrode
comprises strip electrodes, the strip electrodes constitutes a
radial pattern of a regular triangle, a regular polygon or a
circle in each of the pixel units.

[0007] Another embodiment of the invention provides a
thin film transistor liquid crystal display array substrate, com-
prising a pixel area, the pixel area comprising a plurality of
pixel units arranged in an array, each of the pixel units com-
prising a first electrode and a second electrode generating a
horizontal electric field with the first electrode, wherein the
second electrode comprises strip electrodes, in each pixel
unit, the strip electrodes are extended along at least three
directions around a center of the pixel unit and arranged
symmetrically with respect to the center of the pixel unit or
extended along circles or arcs with the center of the pixel unit
as an origin point.

[0008] Still another embodiment provides a display device
comprising the array substrate according to any embodiment
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to illustrate the technical solution of the
embodiments of the invention more clearly, the drawings of
the embodiments will be briefly described below; it is obvious
that the drawings as described below are only related to some
embodiments of the invention, but not limitative of the inven-
tion.

[0010] FIG. 1is a top view of a single domain pixel struc-
ture of an array substrate of an ADS mode TFT-LCD in the
prior art;

[0011] FIG. 2 isatop view of a electrode in a dual-domain
pixel structure of an array substrate of an ADS mode TFT-
LCD in the prior art;

[0012] FIG. 3 is a plan view of a pixel structure of a TFT-
LCD array substrate according to a first embodiment of the
invention;

[0013] FIG. 4 is a plan view of a pixel structure of a TFT-
LCD array substrate according to a second embodiment of the
invention;

[0014] FIG. 5is a plan view of a pixel structure of a TFT-
LCD array substrate according to a third embodiment of the
invention;

[0015] FIG. 6 is a plan view of a pixel structure of a TFT-
LCD array substrate according to a fourth embodiment of the
invention

[0016] FIG. 7 is a plan view of a pixel structure of a TFT-
LCD array substrate according to a fifth embodiment of the
invention; and

[0017] FIG. 8 s a plan view of a pixel structure of a TFT-
LCD array substrate according to a sixth embodiment of the
invention.

DETAILED DESCRIPTION

[0018] In order to make objects, technical details and
advantages of the embodiments of the invention apparent,
hereinafter, the technical solutions of the embodiments of the
invention will be described in a clearly and fully understand-
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able way in connection with the drawings related to the
embodiments of the invention. It is obvious that the described
embodiments are just a part but not all of the embodiments of
the invention. Based on the described embodiments of the
invention, those ordinarily skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope sought for protection by the invention.
[0019] Inorderto resolve the problems including the incon-
sistent symmetry of the viewing angle in different directions
and the poor displaying effect of the existing ADS mode
display panel, the embodiments of the present invention pro-
vide a TFT-LCD array substrate and a display device.
[0020] The TFT-LCD array substrate according to an
embodiment of the present invention includes a pixel region,
which includes a plurality of pixel units arranged in an array,
and each of the pixel units includes a first electrode and a
second electrode which generates a horizontal electric field
with the first electrode.

[0021] The second electrode includes strip electrodes, and
the strip electrodes in the pixel region constitute a regular
triangle, a regular polygon or a circle radial pattern.

[0022] The pixel unit in the present embodiment of the
invention may be one sub-pixel, and can also be a pixel. By
taking a RGB three primary color array substrate as an
example, the pixel unit is one sub-pixel, which means that one
pixel unit on the array substrate is one R sub-pixel, one G
sub-pixel, or one B sub-pixel (in this case, the corresponding
regions on the array substrate can be referred as a R sub-pixel
region, a G sub-pixel region, or a B sub-pixel region). The
pixel unit is one pixel means that one pixel unit is an integrity
ofapixel composed of R, G, B sub-pixels with three colors on
the array substrate (in this case, the corresponding regions on
the array substrate may be referred as a pixel region). In each
pixel unit, in addition to the above-described first and second
electrodes, it also includes a thin film transistor (TFT), etc.,
which is not design point of the present invention and is not
described in detail here.

[0023] Inthe presentinvention, the first electrode is a planar
electrode. The first electrode may be a pixel electrode, and the
second electrode may be a common electrode. Alternatively,
the first electrode may be a common electrode, and the second
electrode may be a pixel electrode. The first electrode is
located below the second electrode. Specifically, the first
electrode being located below the second electrode means
that the first electrode is closer to the base substrate than the
second electrode.

[0024] For example, in each embodiment of the present
invention, a radiation center of the radial pattern is the center
of the corresponding pixel unit. In this case, better multi-
domain effect can be achieved.

[0025] In the embodiment illustrated in FIG. 3, the com-
mon electrode 44 is located above the pixel electrode 25 with
an insulating layer interposed therebetween. The common
electrode 44 presents a radial arrangement of a regular tri-
angle in each of the R sub-pixel region, the G sub-pixel
region, and B sub-pixel region, respectively, and the radiation
center are the center of the R sub-pixel region, the center of
the G sub-pixel region, or the center of the B sub-pixel region,
that is, one pixel unit on the array substrate is one sub-pixel.
In order to ensure the uniformity of the horizontal electric
field formed between the common electrode 44 and the pixel
electrode 25, for example, all of the strip electrodes have a
constant width (which is not repeated in the following
embodiments). Upon the sub-pixel region being normally
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driven, a fringe electric field is formed between the pixel
electrode 25 and the common electrode 44 due to a voltage
difference, which enables most of the liquid crystal molecules
26 are deflected along a horizontal component of the fringe
electric field. In this embodiment, the sub-pixel region has a
three-domain structure, under the drive of the electric field,
the liquid crystal molecules in each of the sub-pixel region 26
are obliquely aligned along three directions. An optical com-
pensation is achieved since there is a symmetrical orientation
in a plurality of directions; therefore, when the screen is
rotated or is watched from different angles, the display view-
ing angle is rendered more consistent symmetry, thereby
greatly improving the displaying effect.

[0026] In the embodiment illustrated in FIG. 4, one pixel
unit on the array substrate is a pixel, the common electrode 54
is radially arranged in an regular triangle with the center of the
pixel region as the radiation center in each of the whole pixel
region (i.e., a pixel composed of a R sub-pixel region, a G
sub-pixel region, and a B sub-pixel region). The whole pixel
region has a three-domain structure, and the common elec-
trode 54 is distributed uniformly in each sub-pixel region (i.e.
the three sides of the regular triangle are distributed uniformly
in the sub-pixel regions), which can reduce a color shift
phenomenon while achieve the symmetry of the display
viewing angle. The following embodiments of FIGS. 6 and 8
have the similar principle, which are not repeated.

[0027] In the embodiment illustrated in FIG. 5, the com-
mon electrode 64 is radially arranged in a square shape with
the center of the sub-pixel region as the radiation center in
each sub-pixel region; in the embodiment illustrated in FIG.
6, the common electrode 74 is radially arranged in a square
shape with the center ofthe whole pixel region as the radiation
arrangement in each of the whole pixel region.

[0028] Since the sides of the even-numbered regular poly-
gon are disposed in symmetry, the actual number of pixel
domains in FIGS. 5 and 6 is two (Similarly, the actual number
of pixel domains for the regular hexagon structure is three,
and so on). However, even for the two domains, it is different
from the dual-domain structure in the prior art, a consistent
symmetry can be achieve between the viewing angle at 0°,
90°, 180° and 270° and the viewing angle at 45°, 135°, 225°
and 315°.

[0029] Intheory, the increasing number of domains helps to
improve the symmetry of the display viewing angle and
eliminate color shift. Therefore, the number of the sides of the
regular polygon is preferred to be an odd number, and then the
domain number is the actual number of the sides. For
example, the domain number of a regular pentagon is five.
[0030] FIG. 7 and FIG. 8 illustrate two additional embodi-
ments of the present invention. In F1G. 7,a common electrode
84 in each sub-pixel region is radially arranged in a circle
shape with the center of the sub-pixel region as the radiation
center. In the embodiment illustrated in FIG. 8, a common
electrode 94 in each whole pixel region is radially arranged in
a circle shape with the center of the whole pixel region as the
radiation center. This design is a case in which the number of
regular polygon sides is increased to an infinity limit, and the
display viewing angle of the display panel shows a consistent
symmetry in all of the directions within 360°.

[0031] In the above radial patterns, the radial patterns
include nested regular triangles, regular polygons or circles
with gradually increased size, as illustrated in FIGS. 3-8. Of
course, in order to make the overall outline of the radial
pattern consistent with the outline of the pixel region, the
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peripheral regular triangle, regular polygonal or circle may be
only a segment of these patterns, like the arc illustrated in
FIG. 8.

[0032] In one embodiment, the interval between every two
adjacent nested patterns can be substantially constant.
[0033] Further, the strip electrodes with the above nested
patterns can be connected to one another with a strip electrode
crossing with these patters.

[0034] Although FIGS. 4, 6 and 8 illustrate only the case in
which an electrode with radial pattern exists in a pixel includ-
ing three sub-pixels, however, each pixel may include two or
four or more sub-pixels. In addition, although these drawings
illustrate only the electrode having a radial pattern is a com-
mon electrode, however, the electrode can also be a pixel
electrode. It should be noted that, since the pixel electrode of
each sub-pixel needs to be connected to a corresponding thin
film transistor, the pixel electrode with a radial pattern in the
whole pixel is disconnected at the boundary between the
adjacent sub-pixels.

[0035] Further, another embodiment of the invention pro-
vides a thin film transistor liquid crystal display array sub-
strate. The array substrate includes a pixel area, and the pixel
region includes a plurality of pixel units arranged in an array.
Each pixel unit includes a first electrode and a second elec-
trode generating a horizontal electric field with the first elec-
trode, wherein the second electrode includes strip electrodes,
in each pixel unit, the strip electrodes are extended along at
least three directions around a center of the pixel unit and
arranged symmetrically with respect to the center of the pixel
unit or extended along circles or arcs with the center of the
pixel unit as an origin point. Other structures or features
according to the present embodiment can be the same as those
in the above embodiments, which are note repeated here.
[0036] An embodiment of the invention also provides a
display device including a TFT-LCD array substrate
described above. The display device may be: liquid crystal
panel, e-paper, liquid crystal TV, liquid crystal display, digital
photo frame, mobile phone, tablet computer, or any other
product or part with a display function.

[0037] Embodiments of the present invention can at least
provide the following structures:

[0038] (1) A thin film transistor liquid crystal display array
substrate, comprising a pixel area, the pixel area comprising
aplurality of pixel units arranged in an array, each of the pixel
units comprising a first electrode and a second electrode
which generates a horizontal electric field with the first elec-
trode,

[0039] wherein the second electrode comprises strip elec-
trodes, the strip electrodes constitute a radial pattern of a
regular triangle, a regular polygon or a circle in each of the
pixel units.

[0040] (2) The array substrate according to (1), wherein the
second electrode is located above the first electrode.

[0041] (3) The array substrate according to (1) or (2),
wherein a radiation center of the radial pattern is consistent
with a center of the corresponding pixel unit.

[0042] (4) The array substrate according to any of (1) to (3),
wherein each pixel unit is a sub-pixel or a pixel including a
plurality of sub-pixels.

[0043] (5) The array substrate according to any of (1) to (4),
wherein the radial pattern is in a shape of regular polygon
having an odd number of sides.

[0044] (6) The array substrate according to any of (1) to (5),
wherein any two of the strip electrodes have an equal width.
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[0045] (7) The array substrate according to any of (I) to (6),
wherein the first electrode is a planar electrode.

[0046] (8) The array substrate according to any of (1) to (7),
wherein the first electrode is a pixel electrode, and the second
electrode is a common electrode.

[0047] (9) The array substrate according to any of (1) to (7),
wherein the first electrode is a common electrode, and the
second electrode is a pixel electrode.

[0048] (10) The array substrate according to (9), wherein
each of the pixel units is a pixel including a plurality of
sub-pixels, and the radial pattern of the pixel electrode is
disconnected at a boundary between every two adjacent sub-
pixels.

[0049] (11) The array substrate according to any of (1) to
(10), wherein the radial pattern comprises nested regular tri-
angles, regular polygons or circles with gradually increased
size.

[0050] (12) The array substrate according to (11), wherein
the nested regular triangles, regular polygons or circles are
connected to one another with a strip electrode crossing with
these regular triangles, regular polygons or circles.

[0051] (13) A thin film transistor liquid crystal display
array substrate, comprising a pixel area, the pixel area com-
prising a plurality of pixel units arranged in an array, each of
the pixel units comprising a first electrode and a second
electrode which generates a horizontal electric field with the
first electrode,

[0052] wherein the second electrode comprises strip elec-
trodes, in each pixel unit, the strip electrodes are extended
along at least three directions around a center of the pixel unit
and arranged symmetrically with respect to the center of the
pixel unit or extended along circles or arcs with the center of
the pixel unit as an origin point.

[0053] (14) The array substrate according to (13), wherein
the second electrode is located above the first electrode.
[0054] (15)Adisplay device comprising the array substrate
according to any of (1) to (14).

[0055] The foregoing are merely exemplary embodiments
of the invention, but not used to limit the protection scope of
the invention. The protection scope of the invention is defined
by attached claims.

1. A thin film transistor liquid crystal display array sub-
strate, comprising a pixel area, the pixel area comprising a
plurality of pixel units arranged in an array, each of the pixel
units comprising a first electrode and a second electrode
which generates a horizontal electric field with the first elec-
trode,

wherein the second electrode comprises strip electrodes,

the strip electrodes constitute a radial pattern of a regular
triangle, a regular polygon or a circle in each of'the pixel
units.

2. The array substrate according to claim 1, wherein the
second electrode is located above the first electrode.

3. The array substrate according to claim 1, wherein a
radiation center of the radial pattern is consistent with a center
of the corresponding pixel unit.

4. The array substrate according to claim 1, wherein each
pixel unit is a sub-pixel or a pixel including a plurality of
sub-pixels.

5. The array substrate according to claim 1, wherein the
radial pattern is in a shape of regular polygon having an odd
number of sides.

6. The array substrate according to claim 1, wherein any
two of the strip electrodes have an equal width.
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7. The array substrate according to claim 1, wherein the
first electrode is a planar electrode.

8. The array substrate according to claim 1, wherein the
first electrode is a pixel electrode, and the second electrode is
a common electrode.

9. The array substrate according to claim 1, wherein the
first electrode is a common electrode, and the second elec-
trode is a pixel electrode.

10. The array substrate according to claim 9, wherein each
of the pixel units is a pixel including a plurality of sub-pixels,
and the radial pattern of the pixel electrode is disconnected at
a boundary between every two adjacent sub-pixels.

11. The array substrate according to claim 1, wherein the
radial pattern comprises nested regular triangles, regular
polygons or circles with gradually increased size.

12. The array substrate according to claim 11, wherein the
nested regular triangles, regular polygons or circles are con-
nected to one another with a strip electrode crossing with
these regular triangles, regular polygons or circles.
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13. A thin film transistor liquid crystal display array sub-
strate, comprising a pixel area, the pixel area comprising a
plurality of pixel units arranged in an array, each of the pixel
units comprising a first electrode and a second electrode
which generates a horizontal electric field with the first elec-
trode,

wherein the second electrode comprises strip electrodes, in
each pixel unit, the strip electrodes are extended along at
least three directions around a center of the pixel unit and
arranged symmetrically with respect to the center of the
pixel unit or extended along circles or arcs with the
center of the pixel unit as an origin point.

14. The array substrate according to claim 13, wherein the
second electrode is located above the first electrode.

15. A display device comprising the array substrate accord-
ing to claim 1.
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