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7) ABSTRACT

Embodiments of the present invention provide an array sub-
strate, a liquid crystal display apparatus and an alignment
rubbing method. The array substrate comprises a gate line, a
data line, and a pixel unit defined by the gate line and the data
line intersecting each other, as well as an alignment film
formed on the array substrate. The pixel unit each comprises
a thin film transistor, a first electrode, and a second electrode
provided with slits; and a first non-zero presetangle is present
between a slit-direction of the second electrode and a data-
line-direction, a second non-zero preset angle is present
between a rubbing direction of the alignment film and the
slit-direction of the second electrode, and an angle between
the rubbing direction of the alignment film and the data-line-
direction is greater than the second non-zero preset angle.
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ARRAY SUBSTRATE, LIQUID CRYSTAL
DISPLAY APPARATUS AND ALIGNMENT
RUBBING METHOD

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to an
array substrate, a liquid crystal display apparatus and an
alignment rubbing method.

BACKGROUND

[0002] At present, liquid crystal displays (LCDs) with wide
viewing angles mainly include those of an Advanced Super
Dimension Switch (ADS) mode and an In-Plane Switching
(IPS) mode. The ADS mode TFT-LCD forms a multi-dimen-
sional electric field 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 molecules 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 transmit-
tance. The Advanced-Super Dimensional Switching technol-
ogy can improve the picture quality of TFT-LCDs and has
advantages of high transmissivity, wide viewing angles, high
opening ratio, low chromatic aberration, low response time,
no push Mura, etc.

[0003] FIG. 1 shows a schematic illustration of an array
substrate of an ADS mode LCD. On the base substrate, there
are formed a plurality of pixel units arranged in an array form,
and each pixel unit comprises a common electrode 01 (a
plate-like electrode) and a pixel electrode 02 (a slit electrode
comprising a plurality of slits) therein. The pixel electrode 02
1s provided thereon with a plurality of slits 04 parallel to one
another and parallel to a data line 03. After the formation of
the pixel unit structure, a PI (polyimide) material is deposited
on a surface thereof to form an alignment film, and alignment
rubbing is required to be performed onto the alignment film to
complete the manufacture of the array substrate. InFIG. 1, the
data line 03 is taken as a reference line (in a longitudinal
direction); in the coordinate system, the direction of the lon-
gitudinal coordinate Y is the same as the data-line-direction;
the extending direction of the slits 04 of the pixel electrode 02
is the same as the data-line-direction; the forward direction 12
of the array substrate in the rubbing process is opposed to the
Y-direction; and the rubbing direction 11 of the alignment
film forms a certain angle with the slit-direction of the pixel
electrode 02.

[0004] In the technique shown in FIG. 1, there is a com-
paratively small angle between the rubbing direction 11 of the
alignment film and the opposite direction to the forward
direction 12 of the array substrate, which results in a rather
large relative velocity between the rubbing roller and the
array substrate in the Y-direction during the relative move-
ment of the rubbing roller and the array substrate, thus causes
mutual damage between the rubbing roller and the array
substrate, affects rubbing uniformity, and further leading to
poor gradation for the prepared display device.

SUMMARY

[0005] Embodiments of the present invention provide an
array substrate, a liquid crystal display apparatus and an
alignment rubbing method, for enhancing the rubbing unifor-

mity.
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[0006] 1In one aspect of the present invention, there is pro-
vided an array substrate, comprising a gate line, a data line,
and a pixel unit defined by the gate line and the data line
intersecting each other, as well as an alignment film formed
on the array substrate; wherein the pixel unit each comprises
a thin film transistor, a first electrode, and a second electrode
provided with slits; and wherein a first non-zero preset angle
is present between a slit-direction of the second electrode and
a data-line-direction, a second non-zero preset angle is
present between a rubbing direction of the alignment film and
the slit-direction of the second electrode, and an angle
between the rubbing direction of the alignment film and the
data-line-direction is greater than the second non-zero preset
angle.

[0007] In another aspect of the present invention, there is
provided a liquid crystal display apparatus, comprising: an
array substrate and a color filter substrate assembled together
to form a cell, wherein the array substrate is an array substrate
as described above, and a rubbing direction of an alignment
film on the color filter substrate is opposed to a rubbing
direction of an alignment film on the array substrate.

[0008] In further another aspect of the present invention,
there is provided an alignment rubbing method, the method
comprising:

[0009] setting a forward speed of an array substrate, as well
as an axial direction and an angular velocity of a rubbing
roller, wherein a linear direction, along which the forward
speed of the array substrate is taken, is opposed to a data-line-
direction on the array substrate, and a third non-zero preset
angle is present between the axial direction of the rubbing
roller and the data-line-direction on the array substrate, and a
first non-zero preset angle is present between the data-line-
direction and a slit-direction of a second electrode on the
array substrate; and

[0010] making the array substrate moved in accordance
with the set forward speed, and come into contact with the
rubbing roller, in order to rub an alignment film on the array
substrate, wherein a second non-zero preset angle is present
between a rubbing direction of the alignment film and the
slit-direction of the second electrode; the rubbing direction of
the alignment film is perpendicular to the axial direction of
the rubbing roller, and an angle between the rubbing direction
of the alignment film and the data-line-direction is greater
than the second non-zero preset angle.

[0011] In the array substrate, the liquid crystal display
apparatus and the alignment rubbing method provided by the
embodiments ofthe present invention, on onehand, by setting
asecond non-zero preset angle between a rubbing direction of
an alignment film and a slit-direction of a second electrode,
the needs of a high aperture ratio and high transmittance are
met, and thus the normal display of the liquid crystal display
is ensured; on the other hand, by setting a first non-zero preset
angle between the slit-direction of the second electrode and a
data-line-direction, and letting the angle between the rubbing
direction of the alignment film and the data-line-direction
greater than the second non-zero preset angle, the relative
velocity between the rubbing roller and the array substrate in
their relative movement in the data-line-direction is reduced,
so that the mutual damage between the rubbing roller and the
substrate is reduced. thereby enhancing the rubbing unifor-
mity.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to clearly illustrate the technical solutions
of the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0013] FIG.1isatop view of an array substrate in the prior
art;
[0014] FIG.2isatop view ofan array substrate provided by

an embodiment of the present invention;

[0015] FIG. 3 is a schematic illustration of a relationship
among a slit-direction, a rubbing direction, and a data-line-
direction in the array substrate shown in FIG. 2;

[0016] FIG. 4 is a top view of another array substrate pro-
vided by an embodiment of the present invention;

[0017] FIG. 5 is a schematic illustration of an alignment
rubbing method provided by an embodiment of the present
invention; and

[0018] FIG. 6 is a schematic illustration of a relationship
among a slit-direction, a rubbing direction, and a data-line-
direction in the alignment rubbing method shown in FIG. 5.

REFERENCE NUMERALS

[0019] 01—Common electrode; 02—Pixel electrode;
03—Data line; 04—Slit; 05—Gate line; 06—Thin film tran-
sistor; 11—Rubbing direction; 12—Forward direction of a
substrate; 13—Slit-direction; 14—Axial direction of a rub-
bing roller.

DETAILED DESCRIPTION

[0020] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiments will be described in a
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. It is
obvious that the described embodiments are justa part but not
all of the embodiments of the invention. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

[0021] An array substrate according to an embodiment of
the present invention comprises a plurality of gate lines and a
plurality of data lines, and these gate lines and data lines
intersect one another and thus define pixel units arranged in a
matrix, each pixel unit comprising a thin film transistor as a
switching element and a pixel electrode for controlling the
alignment of liquid crystal. In the following description, it is
mainly directed to a single or a plurality of pixel units, but
other pixel units may be formed in the same way.

First Embodiment

[0022] In all embodiments of the present invention, a data
line 1s taken as a reference line, so that the direction of a
longitudinal coordinate Y in a coordinate system is in accor-
dance with the data-line-direction.

[0023] As shown in FIG. 2, an embodiment of the present
invention provides an array substrate 100, comprising: gate
lines 05, data lines 03, and a plurality of pixel units defined by
the gate lines 05 and the data lines 03 intersecting one another.
On a surface of the array structure of the array substrate, there
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is formed an alignment film. The alignment film is formed of,
for example, a PI (polyimide) material.

[0024] Each of the pixel units comprises a thin film transis-
tor 06, a plate-like first electrode, and a second electrode
provided with slits 04. A first non-zero preset angle 61 is
present between the slit-direction 13 (i.e., the extending
direction of the slits) of the second electrode and the data-
line-direction Y, and a second non-zero preset angle 62 is
present between a rubbing direction 11 of the alignment film
and the slit-direction 13 of the second electrode, moreover,
the angle between the rubbing direction 11 of the alignment
film and the data-line-direction Y is greater than the second
non-zero preset angle 62.

[0025] In this embodiment, the first electrode is formed
from a first transparent electric-conductive layer in a pixel
unit of the array substrate 100, and for example, it may typi-
cally be a first indium-tin oxide (ITO) layer; the second elec-
trode is formed from a second transparent electric-conductive
layer in the pixel unit of the array substrate 100, and for
example, it may typically be a second ITO layer. In this
embodiment of the present invention, since a multi-dimen-
sional electric field is generated by the first and second elec-
trodes of the pixel unit of the array substrate 100 to drive the
liquid crystal, the second electrode is usually formed into a
patterned electrode, and the pattern is typically elongated
slits, and these slits may be enclosed on periphery or open at
one end. In addition, of the first and second electrodes, the
electrode that is connected with a drain of the thin film tran-
sistor 06 in the pixel unit is a pixel electrode, and the other is
for example a common electrode connected with a common
electrode line.

[0026] In one example of the embodiment, the first elec-
trode is electrically connected with a common electrode line
of the array substrate; the second electrode is electrically
connected with a drain of the thin film transistor 06; as shown
in FIG. 2, that is, in this example, the second electrode is a
pixel electrode 02, and the first electrode is a common elec-
trode 01. The pixel electrode 02 is provided thereon with a
plurality of slits 04; the common electrode 01 has no slit
provided thereon and is shaped into a plate. These slits 04, for
example, are parallel to each other and enclosed on periphery.
The slits 04 extend obliquely with respect to the gate line 05
(or the data lines 03), and hereafter the extending direction of
the slits 04 is referred to as the slit-direction 13.

[0027] After the preparation of an array structure, compris-
ing driving elements, of the array substrate, an alignment film
is coated on the array structure, and then the alignment film is
subject to an alignment rubbing operation. During the align-
ment film rubbing, as shown in FIG. 3 (a), when an angle
formed between the rubbing direction 11 and the Y-direction
is greater than an angle formed between the slit-direction 13
of the second electrode and the Y-direction, a first non-zero
preset angle 01 is present between the slit-direction 13 of the
second electrode and the data-line-direction Y, and a second
non-zero preset angle 02 is present between the rubbing
direction 11 of the alignment film and the slit-direction 13 of
the second electrode. Thus it can be seen that the value of the
angle between the rubbing direction 11 of the alignment film
and the data-line-directionY is the sum of the value of the first
non-zero preset angle 61 and the value of the second non-zero
preset angle 02. This makes the relative velocity between the
rubbing roller and the array substrate in their relative move-
ment in the Y-direction reduced, so that the mutual damage
between the rubbing roller and the substrate is reduced,
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thereby enhancing the rubbing uniformity. Preferably, the
first non-zero preset angle 81 is in a range of 20-30 degrees,
such an angle is easy to be achieved in the manufacturing
process and makes the mutual damage between the rubbing
roller and the substrate reduced, thereby enhancing the rub-
bing uniformity; preferably, the second non-zero preset angle
62 is in a range of 5-9 degrees, and such an angle meets the
needs of a high aperture ratio and high transmittance, and
therefore the normal display of the liquid crystal display is
ensured.

[0028] As shown in FIG. 3(b), when an angle formed
between the rubbing direction 11 and the Y-direction is less
than an angle formed between the slit-direction 13 of the
second electrode and the Y-direction, a first non-zero preset
angle 01 is present between the slit-direction 13 of the second
electrode and the data-line-direction Y, and a second non-zero
presetangle 62 is present between the rubbing direction 11 of
the alignment film and the slit-direction 13 of the second
electrode. Thus it can be seen that, the value of the angle
between the rubbing direction 11 of the alignment film and
the data-line-direction is the difference of the value ofthe first
non-zero preset angle 61 minus the value of the second non-
zero preset angle 62. On condition that the angle between the
rubbing direction 11 of the alignment film and the data-line-
directionY is ensured to be greater than the second non-zero
preset angle 02, the relative velocity between the rubbing
roller and the array substrate in their relative movement in the
Y-direction can be reduced likewise, so that the mutual dam-
age between the rubbing roller and the substrate is reduced,
thereby enhancing the rubbing uniformity. Preferably, the
first non-zero preset angle 61 is in a range of 20-30 degrees,
such an angle is easy to be achieved in the manufacturing
process, and makes the mutual damage between the rubbing
roller and the substrate reduced, thereby enhancing the rub-
bing uniformity; preferably, the second non-zero preset angle
02 is in a range of 5-9 degrees, and such an angle meets the
needs of a high aperture ratio and high transmittance, and
therefore the normal display of the liquid crystal display is
ensured.

[0029] This embodiment provides an array substrate,
which, on one hand, is provided with a second non-zero preset
angle between a rubbing direction of an alignment film and a
slit-direction of a second electrode so as to meet the needs of
ahigh aperture ratio and high transmittance, thus ensuring the
normal display of the liquid crystal display, and on the other
hand, is provided with a first non-zero preset angle between
the slit-direction of the second electrode and a data-line-
direction, making the angle between the rubbing direction of
the alignment film and the data-line-direction greater than the
second non-zero preset angle, thus reducing the relative
velocity between the rubbing roller and the array substrate in
their relative movement in the Y-direction, so that the mutual
damage between the rubbing roller and the substrate is
reduced, thereby enhancing the rubbing uniformity.

Second Embodiment

[0030] As shown in FIG. 4, this embodiment provides an
array substrate 100, comprising: gate lines 05, data lines 03,
and a plurality of pixel units defined by the gate lines 05 and
the data lines 03 intersecting one another. On a surface of the
array structure of the array substrate, there is an alignment
film. The alignment film is formed of, for example, a PI
(polyimide) material.
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[0031] Each of the pixel units comprises a thin film transis-
tor, a plate-like first electrode, and a second electrode pro-
vided with slits 04; a first non-zero preset angle 61 is present
between the slit-direction 13 (i.e., the extending direction of
the slits) of the second electrode and the data-line-direction,
and a second non-zero preset angle 62 is present between a
rubbing direction 11 of the alignment film and the slit-direc-
tion of the second electrode; moreover, the angle between the
rubbing direction 11 of the alignment film and the data-line-
direction Y is greater than the second non-zero preset angle
02.

[0032] In this embodiment, the first electrode is formed
from a first transparent electric-conductive layer formed in a
pixel unit of the array substrate 100, for example, it may
typically be a first indium-tin oxide (ITO) layer; the second
electrode is formed from a second transparent electric-con-
ductive layer formed in the pixel unit of the array substrate
100, for example, it may typically be a second ITO layer. In
this embodiment of the present invention, since a multi-di-
mensional electric field is generated by the first and second
electrodes of the pixel unit of the array substrate 100 to drive
the liquid crystal, the second electrode is usually formed into
a patterned electrode, and the pattern is typically elongated
slits, and these slits may be enclosed on periphery or open at
one end. In addition, in the first and second electrodes, the
electrode that is connected with a drain of the thin film tran-
sistor 06 in the pixel unit is a pixel electrode, and the other is
for example a common electrode connected with a common
electrode line.

[0033] In one example of the embodiment, the first elec-
trode is electrically connected with a drain of the thin film
transistor 06; the second electrode is electrically connected
with acommon electrode line of the array substrate; as shown
in FIG. 4, that is, in this example, the second electrode is a
common electrode 01, and the first electrode is a pixel elec-
trode 02. The common electrode 01 is provided thereon with
a plurality of slits 04, while the pixel electrode 02 has no slit
provided thereon and is shaped into a plate. These slits 04, for
example, are parallel to each other, and enclosed on periph-
ery. The slit 04 extends obliquely with respect to the gate line
05 (or the data lines 03), and hereafter the extending direction
of the slits 04 is referred to as the slit-direction 13.

[0034] After the preparation of an array structure, compris-
ing driving elements, of the array substrate, an alignment film
is coated on the array structure, and then the alignment film is
subject to an alignment rubbing operation. During the align-
ment film rubbing, as shown in FIG. 3 (a), when an angle
formed between the rubbing direction 11 and the Y-direction
is greater than an angle formed between the slit-direction 13
of the second electrode and the Y-direction, a first non-zero
preset angle 01 is present between the slit-direction 13 of the
second electrode and the data-line-direction Y, and a second
non-zero preset angle 02 is present between the rubbing
direction 11 of the alignment film and the slit-direction 13 of
the second electrode. Thus it can be seen that the value of the
angle between the rubbing direction 11 of the alignment film
and the data-line-directionY is the sum of the value of the first
non-zero preset angle 61 and the value of the second non-zero
preset angle 02. This makes the relative velocity between the
rubbing roller and the array substrate in their relative move-
ment in the Y-direction reduced. Thus the mutual damage
between the rubbing roller and the substrate is reduced,
thereby enhancing the rubbing uniformity. Preferably, the
first non-zero preset angle 61 is in a range of 20-30 degrees,
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such an angle is easy to be achieved in the manufacturing
process, and makes the mutual damage between the rubbing
roller and the substrate reduced, thereby enhancing the rub-
bing uniformity; preferably, the second non-zero preset angle
62 is in a range of 5-9 degrees, and such an angle meets the
needs of a high aperture ratio and high transmittance, and
therefore the normal display of the liquid crystal display is
ensured.

[0035] As shown in FIG. 3(b), when an angle formed
between the rubbing direction 11 and the Y-direction is less
than an angle formed between the slit-direction 13 of the
second electrode and the Y-direction, a first non-zero preset
angle 01 is present between the slit-direction 13 of the second
electrode and the data-line-direction Y, and a second non-zero
presetangle 62 is present between the rubbing direction 11 of
the alignment film and the slit-direction 13 of the second
electrode. Thus it can be seen that, the value of the angle
between the rubbing direction 11 of the alignment film and
the data-line-direction is the difference of the value ofthe first
non-zero preset angle 61 minus the value of the second non-
zero preset angle 62. On condition that the angle between the
rubbing direction 11 of the alignment film and the data-line-
directionY is ensured to be greater than the second non-zero
preset angle 62, this makes the relative velocity between the
rubbing roller and the array substrate in their relative move-
ment in the Y-direction reduced likewise, so that the mutual
damage between the rubbing roller and the substrate is
reduced, thereby enhancing the rubbing uniformity. Prefer-
ably, the first non-zero preset angle 61 is in a range of 20-30
degrees, such an angle is easy to be achieved in the manufac-
turing process, and makes the mutual damage between the
rubbing roller and the substrate reduced, thereby enhancing
the rubbing uniformity; preferably, the second non-zero pre-
set angle 62 is in a range of 5-9 degrees, and such an angle
meets the needs of a high aperture ratio and high transmit-
tance, and therefore the normal display of the liquid crystal
display is ensured.

[0036] This embodiment provides an array substrate,
which, on one hand, is provided with a second non-zero preset
angle between a rubbing direction of an alignment film and a
slit-direction of a second electrode so as to meet the needs of
ahigh aperture ratio and high transmittance, thus ensuring the
normal display of the liquid crystal display, and on the other
hand, is provided with a first non-zero preset angle between
the slit-direction of the second electrode and a data-line-
direction, making the angle between the rubbing direction of
the alignment film and the data-line-direction greater than the
second non-zero preset angle, thus reducing the relative
velocity between the rubbing roller and the array substrate in
their relative movement in the Y-direction, so that the mutual
damage between the rubbing roller and the substrate is
reduced, thereby enhancing the rubbing uniformity.

Third Embodiment

[0037] This embodiment provides an alignment rubbing
method used for an alignment film of an array substrate, the
method comprising the steps as follows.

[0038] A schematic illustration of the operation of the rub-
bing method is shown as FIG. 5. First is to set a forward speed
of an array substrate, as well as both an axial direction 14 and
a rotating angular velocity of a rubbing roller; the linear
direction 12, along which the forward speed of the array
substrate is taken, is opposed to a data-line-direction 03 on the
array substrate. A third non-zero preset angle 03 is present
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between the axial direction 14 of the rubbing roller and the
data-line-direction 03 on the array substrate, and a first non-
zero preset angle 61 is present between the data-line-direction
Y and a slit-direction 13 of a second electrode on the array
substrate.

[0039] The array substrate is moved in accordance with the
set forward speed, and come into contact with the rubbing
roller, and thus the rubbing roller rubs an alignment film
formed on the surface of the array structure of the array
substrate, so that a second non-zero preset angle 62 is present
between the rubbing direction 11 of the alignment film and
the slit-direction 13 of the second electrode; the rubbing
direction 11 of the alignment film is perpendicular to the axial
direction 14 of the rubbing roller, and moreover the angle
between the rubbing direction 11 of the alignment film and
the data-line-direction is greater than the second non-zero
preset angle.

[0040] As shown in FIG. 6(a), when an angle formed
between the rubbing direction 11 and the Y-direction is
greater than an angle formed between the slit-direction 13 of
the second electrode and the Y-direction, since the axial direc-
tion 14 of the rubbing roller is perpendicular to the rubbing
direction 11 of the alignment film, the value of the comple-
mentary angle 84 of the third non-zero preset angle 63 is the
sum of the value of the first non-zero preset angle 81 and the
value of the second non-zero preset angle 62. The value of the
complementary angle of the third non-zero preset angle 63 is
exactly the value of the angle between the rubbing direction
of the alignment film and the data-line-direction. Thus it can
be seen that, the value of the angle between the rubbing
direction of the alignment film and the data-line-direction is
the sum of'the value of the first non-zero preset angle 61 and
the value of the second non-zero preset angle 62.

[0041] As shown in FIG. 6(b), when an angle formed
between the rubbing direction 11 and the Y-direction is less
than an angle formed between the slit-direction 13 of the
second electrode and the Y-direction, since the axial direction
14 of the rubbing roller is perpendicular to the rubbing direc-
tion 11 of the alignment film, the value of the complementary
angle 64 of the third non-zero preset angle 63 is the difference
of the value of the first non-zero preset angle 81 minus the
value of the second non-zero preset angle 02. The value of the
complementary angle of the third non-zero preset angle is
exactly the value of the angle between the rubbing direction
of the alignment film and the data-line-direction. Thus it can
be seen that, the value of the angle between the rubbing
direction of the alignment film and the data-line-direction is
the difference ofthe value of the first non-zero preset angle 61
minus the value of the second non-zero preset angle 62.
[0042] The alignment film, for example, formed of a PI
(polyimide) material, is coated on a surface of the array struc-
ture of the array substrate.

[0043] This embodiment provides an alignment rubbing
method, comprising setting a forward speed of an array sub-
strate and an axial direction of a rubbing roller, letting the
rubbing direction of the alignment film perpendicular to the
axial direction of the rubbing roller, and the method, on one
hand by setting a second non-zero preset angle to be present
between a rubbing direction of an alignment film and a slit-
direction of a second electrode, meets the needs of a high
aperture ratio and high transmittance, thus ensuring the nor-
mal display of a liquid crystal display, and on the other hand,
by setting a first non-zero preset angle to be present between
the slit-direction of the second electrode and a data-line-
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direction, and letting the angle between the rubbing direction
of the alignment film and the data-line-direction greater than
the second non-zero preset angle, so that the relative velocity
between the rubbing roller and the array substrate is reduced
in their relative movement in the Y-direction, reduces the
mutual damage between the rubbing roller and the substrate,
thereby enhancing the rubbing uniformity.

[0044] Anembodiment ofthe present invention further pro-
vides a liquid crystal display apparatus, comprising an array
substrate and a color filter substrate, which are disposed
opposite to each other, and the array substrate is any one of the
array substrates described in the above embodiments. A rub-
bing direction of an alignment film on the color filter substrate
is opposed to a rubbing direction of an alignment film on the
array substrate. Liquid crystal is filled in the space formed
between the array substrate and the color film substrate, and
the alignment films both on the array substrate and on the
color filter substrate are used for initial alignment of the liquid
crystal molecules in contact with them, by means of micro
grooves and the like formed by a rubbing operation.

[0045] The array substrate comprises gate lines, data lines,
and pixel units defined by the gate lines and the data lines
intersecting one another. On the array substrate, there is
formed an alignment film. The pixel unit comprises a thin film
transistor, a first electrode, and a second electrode provided
with slits; a second non-zero preset angle is present between
arubbing direction of the alignment film and the slit-direction
of the second electrode, thus the needs of a high aperture ratio
and high transmittance are met, and therefore the normal
display of the liquid crystal display is ensured; a first non-zero
presetangle is present between the slit-direction of the second
electrode and the data-line-direction, and moreover, the angle
between the rubbing direction of the alignment film and the
data-line-direction is greater than the second non-zero preset
angle, thus the relative velocity between the rubbing roller
and the array substrate in their relative movement in the
data-line-direction is reduced, so that the mutual damage
between the rubbing roller and the substrate is reduced,
thereby enhancing the rubbing uniformity.

[0046] Inthe disclosed technical scope ofthe present inven-
tion, variations or modifications, which can be easily con-
ceived by any artisan familiar with ordinary technology in the
art, should be encompassed by the protection scope of the
present invention. Therefore, the protection scope of the
present invention should be defined by the scope of the
claims.

1. An array substrate, comprising a gate line, a data line,
and a pixel unit defined by the gate line and the data line
intersecting each other, as well as an alignment film formed
on the array substrate;

wherein the pixel unit each comprises a thin film transistor,

a first electrode, and a second electrode provided with
slits; and

wherein a first non-zero preset angle is present between a

slit-direction of the second electrode and a data-line-
direction, a second non-zero preset angle is present
between a rubbing direction of the alignment film and
the slit-direction of the second electrode, and an angle
between the rubbing direction of the alignment film and
the data-line-direction is greater than the second non-
zero preset angle.

2. The array substrate according to claim 1, wherein a value
of an angle between the rubbing direction of the alignment
film and the data-line-direction is the sum of a value of the
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first non-zero preset angle and a value of the second non-zero
preset angle, or a difference of the value of the first non-zero
preset angle minus the value of the second non-zero preset
angle.

3. The array substrate according to claim 1, wherein the
first electrode is electrically connected with a common elec-
trode line of the array substrate; and the second electrode is
electrically connected with a drain of the thin film transistor.

4. The array substrate according to claim 1, wherein the
first electrode is electrically connected with a drain of the thin
film transistor; and the second electrode is electrically con-
nected with a common electrode line of the array substrate.

5. The array substrate according to claim 1, wherein the
first non-zero preset angle is in a range of 20-30 degrees.

6. The array substrate according to claim 1, wherein the
second non-zero preset angle is in a range of 5-9 degrees.

7. A liquid crystal display apparatus, comprising: an array
substrate and a color filter substrate assembled together to
form a cell, wherein the array substrate is in accordance with
claim 1, and a rubbing direction of an alignment film on the
color filter substrate is opposed to a rubbing direction of an
alignment film on the array substrate.

8. A method for alignment rubbing of an array substrate,
comprising:

setting a forward speed of an array substrate, as well as an
axial direction and an angular velocity of a rubbing
roller, wherein a linear direction, along which the for-
ward speed of the array substrate is taken, is opposed to
a data-line-direction on the array substrate, and a third
non-zero preset angle is present between the axial direc-
tion of the rubbing roller and the data-line-direction on
the array substrate, and a first non-zero preset angle is
present between the data-line-direction and a slit-direc-
tion of a second electrode on the array substrate; and

making the array substrate moved in accordance with the
set forward speed, and come into contact with the rub-
bing roller, in order to rub an alignment film on the array
substrate, wherein a second non-zero preset angle is
present between a rubbing direction of the alignment
film and the slit-direction of the second electrode; the
rubbing direction of the alignment film is perpendicular
to the axial direction of the rubbing roller, and an angle
between the rubbing direction of the alignment film and
the data-line-direction is greater than the second non-
zero preset angle.

9. The method according to claim 8, wherein

a value of a complementary angle of the third non-zero
preset angle is a sum of a value of the first non-zero
preset angle and a value of the second non-zero preset
angle; or

a value of a complementary angle of the third non-zero
presetangle is adifference of a value of the first non-zero
preset angle minus a value of the second non-zero preset
angle.

10. The array substrate according to claim 2, wherein the
first electrode is electrically connected with a common elec-
trode line of the array substrate; and the second electrode is
electrically connected with a drain of the thin film transistor.

11. The array substrate according to claim 2, wherein the
first electrode is electrically connected with a drain of the thin
film transistor; and the second electrode is electrically con-
nected with a common electrode line of the array substrate.
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12. The array substrate according to claim 2, wherein the
first non-zero preset angle is in a range of 20-30 degrees.

13. The array substrate according to claim 2, wherein the
second non-zero preset angle is in a range of 5-9 degrees.
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