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7) ABSTRACT

The present invention discloses an array substrate, a method
of manufacturing the same, and a liquid crystal display appa-
ratus. The present invention relates a display technical field,
and an object of which is to reduce a display chromatic
aberration and improve a display effect. The array substrate
comprises a plurality of pixel units arranged in an array. The
pixel units each comprise at least a first sub pixel unit, a
second sub pixel unit and a third sub pixel unit. The sub pixel
units each comprise a pixel electrode, a common electrode
and an orientation layer. At least one of the pixel electrode and
the common electrode in each of the sub pixel units is con-
figured to be a strip electrode. The strip electrode of the first
sub pixel unit defines a first angle with respect to an orienta-
tion of the orientation layer, the strip electrode of the second
sub pixel unit defines a second angle with respect to the
orientation of the orientation layer, the strip electrode of the
third sub pixel unit defines a third angle with respect to the
orientation of the orientation layer. At least two of the first
angle, the second angle and the third angle are not equal to
each other.

o .

104




Patent Application Publication  Jan. 14,2016 Sheet1 of 3 US 2016/0011458 A1

~~~._~ 10
101 102

™
m&m\m N—103

FIG1

\x\‘:\\\\\\\\\&\x\\m\\x\\\\\\m 103

H—101
KRx—102

FIG2



Patent Application Publication  Jan. 14,2016 Sheet2 of 3 US 2016/0011458 A1

~~_- 10

A R R T R Y 103

FIG3

L+104

77

e
Q?ﬂﬂ | R
A.aaa;;aa.g A o

X X
10b 10¢

FIG4



Patent Application Publication  Jan. 14,2016 Sheet 3 of 3 US 2016/0011458 A1

104

FIG5

1.2
1 < %
6300m=-7%_ e
1.0+ 70 \;;’;’{ i
550nm-7 &\A’;; .
) CL - ’ i
) > w430
© 05 5/ .,
= v 430mm-
E o064 j[’ s
7] e
o s
: ys
g4 &
/!5:/'
¥/
0.2
0.0
T T T T T T T
o 1 2 3 4 5 B
voltage

FIG.6



US 2016/0011458 Al

ARRAY SUBSTRATE, METHOD OF
MANUFACTURING THE SAME, AND LIQUID
CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Section 371 National Stage
application of International Application No. PCT/CN2014/
076629, filed 30 Apr. 2014, which has not yet published,
which claims priority to Chinese Application 201310681176.
3, filed Dec. 12, 2013, in Chinese, the contents of which are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display technical
field, more particularly, relates to an array substrate, a method
of manufacturing the array substrate, and a liquid crystal
display apparatus comprising the array substrate.

[0004] 2. Description of the Related Art

[0005] A thin film transistor-liquid crystal display (or sim-
ply referred as TFT-LCD) mainly comprises a liquid crystal
display panel, polarizers disposed on both sides of the liquid
crystal display panel, and a backlight source. The liquid crys-
tal display panel comprises an array substrate, a package
substrate and a liquid crystal layer disposed between the
substrates.

[0006] A white light emitted from the backlight source is a
polychromatic light comprising a red light (with a wavelength
of 630 nm), a green light (with a wavelength of 550 nm), a
blue light (with a wavelength of 430 nm). After passing
through a polarizer outside an array substrate, the white light
is converted into a linearly polarized white light. Since the red
light, the green light and the blue light have different wave-
lengths, if the linearly polarized white light passes through a
liquid crystal layer with same thickness and same deflection
angle, a linearly polarized red light, a linearly polarized green
light and a linearly polarized blue light in the linearly polar-
ized white light will show different degrees of optical phase
delay, so that the linearly polarized red light, the linearly
polarized green light and the linearly polarized blue light have
different degrees of variation in the polarization direction
after passing through the liquid crystal layer. As a result,
under the same voltage, transmittances of the linearly polar-
ized red light, the linearly polarized green light and the lin-
early polarized blue light transmitting through a color filter
and a polarizer at a light-outputting side of a liquid crystal
display panel are different from each other due to differences
in the polarization direction. Consequently, there is a chro-
matic aberration between a color generated by mixing lights
of different sub pixel regions in different grayscales and an
actual color, which adversely affects the display effect.

SUMMARY OF THE INVENTION

[0007] The present invention has been made to provide an
array substrate, a method of manufacturing the array sub-
strate, and a liquid crystal display apparatus comprising the
array substrate. An object of the present invention is to reduce
chromatic aberration and improve display effect.

[0008] In order to achieve the above purpose, the embodi-
ments of the present invention provide the following solu-
tions:
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[0009] According to an aspect of the present invention,
there is provided an array substrate comprising a plurality of
pixel units arranged in an array, the pixel units each compris-
ing at least a first sub pixel unit, a second sub pixel unit and a
third sub pixel unit, the sub pixel units each comprising a
pixel electrode, a common electrode and an orientation layer,
wherein at least one of the pixel electrode and the common
electrode in each of the sub pixel units is configured to be a
strip electrode, the strip electrode of the first sub pixel unit
defines a first angle with respect to an orientation of the
orientation layer, the strip electrode of the second sub pixel
unit defines a second angle with respect to the orientation of
the orientation layer, the strip electrode of the third sub pixel
unit defines a third angle with respect to the orientation of the
orientation layer, and at least two of the first angle, the second
angle and the third angle are not equal to each other.

[0010] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus com-
prising the above array substrate.

[0011] According to an exemplary embodiment of the
present invention, the liquid crystal display apparatus further
comprises a color filter substrate comprising a color layer.
Each of the pixel units in the array substrate comprises the
first sub pixel unit, the second sub pixel unit and the third sub
pixel unit. The first angle of the strip electrode of the first sub
pixel unit with respect to the orientation of the orientation
layer is greater than or equal to the second angle of the strip
electrode of the second sub pixel unit with respect to the
orientation of the orientation layer, and the second angle of
the strip electrode of the second sub pixel unit with respect to
the orientation of the orientation layer is greater than or equal
to the third angle of the strip electrode of the third sub pixel
unit with respect to the orientation of the orientation layer.
The color layer comprises a red filter corresponding to the
first sub pixel unit, a green filter corresponding to the second
sub pixel unit, and a blue filter corresponding to the third sub
pixel unit. Alternatively, the array substrate further comprises
a color filter, and the color filter comprises a red filter corre-
sponding to the first sub pixel unit, a green filter correspond-
ing to the second sub pixel unit, and a blue filter correspond-
ing to the third sub pixel unit.

[0012] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an array
substrate comprising a plurality of pixel units arranged in an
array, the pixel units each comprising at least a first sub pixel
unit, a second sub pixel unit and a third sub pixel unit, the sub
pixel units each comprising a pixel electrode, a common
electrode and an orientation layer,

[0013] the method comprising step of:

[0014] configuring atleast one of the pixel electrode and the
common electrode in each sub pixel unit to a strip electrode,

[0015] wherein the strip electrode of the first sub pixel unit
defines a first angle with respect to an orientation of the
orientation layer, the strip electrode of the second sub pixel
unit defines a second angle with respect to the orientation of
the orientation layer, the strip electrode of the third sub pixel
unit defines a third angle with respect to the orientation of the
orientation layer, and

[0016] wherein at least two of the first angle, the second
angle and the third angle are not equal to each other.

[0017] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus,
comprising:
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[0018]

[0019] a light-inputting side polarizer, through which the
white light from the backlight source is converted into a
linearly polarized white light comprising a linearly polarized
red light, a linearly polarized green light and a linearly polar-
ized blue light; and

[0020] a plurality of pixel units arranged in an array,
wherein the pixel units each comprising at least a first sub
pixel unit, a second sub pixel unit and a third sub pixel unit,
the sub pixel units each comprising a pixel electrode, a com-
mon electrode and an orientation layer, at least one of the
pixel electrode and the common electrode in each of the sub
pixel units is configured to be a strip electrode, the strip
electrode of the first sub pixel unit defines a first angle with
respect to an orientation of the orientation layer, the strip
electrode of the second sub pixel unit defines a second angle
with respect to the orientation of the orientation layer, the
strip electrode of the third sub pixel unit defines a third angle
with respect to the orientation of the orientation layer, and at
least two of the first angle, the second angle and the third
angle are not equal to each other;

a backlight source emitting a white light;

[0021] aliquid crystal layer; and
[0022] alight-outputting side polarizer,
[0023] wherein the first angle, the second angle and the

third angle are configured that:

[0024] the linearly polarized red light, the linearly polar-
ized green light and the linearly polarized blue light, which
have passed through the liquid crystal layer with same thick-
ness and same deflection angle, transmit through the light-
outputting side polarizer in substantially the same light trans-
mittance under the same voltage.

[0025] In the prior art, an array substrate is applied in a
liquid crystal display apparatus. Since a white light emitted
from a backlight source is a polychromatic light comprising a
red light, a green light, a blue light, the white light, after
passing through a polarizer at a light-inputting side of the
liquid crystal display apparatus, is converted into a linearly
polarized white light. Since the red light, the green light and
the blue light in the white light have different wavelengths, if
the linearly polarized white light passes through the liquid
crystal layer with same thickness and same deflection angle,
a linearly polarized red light, a linearly polarized green light
and a linearly polarized blue light in the linearly polarized
white light will show different degrees of variation in the
polarization direction. As a result, under the same voltage,
transmittances of the linearly polarized red light, the linearly
polarized green light and the linearly polarized blue light
transmitting through a polarizer at a light-outputting side of
the liquid crystal display panel are different from each other.

[0026] Inthe exemplary embodiments of the present inven-
tion, angles of strip electrodes in various sub pixel units of
each pixel unit with respect to the orientation of the orienta-
tion layer are configured based on a certain relation. In this
way, under the same voltage, the linearly polarized red light,
the linearly polarized green light and the linearly polarized
blue light can transmit through the polarizer at the light-
outputting side of the liquid crystal display apparatus in sub-
stantially the same light transmittance. Thereby, it reduces the
chromatic aberration between a color generated by mixing
lights of different sub pixel regions in different grayscales and
an actual color, improving the display effect of the liquid
crystal display apparatus.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Inorder to describe clearly the embodiments of the
present invention or the solutions in the prior art, figures
which will be used during the describing are illustrated as
follows in a simple way. Obviously, the figures only relate to
some embodiments of the present invention, and those skilled
in the art may obtain other figures based on these figures
without involving any inventive step:

[0028] FIG. 1is an illustrative structure view of a sub pixel
unit according to an exemplary embodiment of the present
invention;

[0029] FIG. 2 is an illustrative structure view of a sub pixel
unit according to another exemplary embodiment of the
present invention;

[0030] FIG. 3 is an illustrative structure view of a sub pixel
unit according to further another exemplary embodiment of
the present invention;

[0031] FIG. 4is an illustrative plan structure view of a pixel
unit according to an exemplary embodiment of the present
invention;

[0032] FIG. Sisanillustrative plan structure view of a pixel
unit according to another exemplary embodiment of the
present invention; and

[0033] FIG. 6 shows a voltage-transmittance simulation
curve of a liquid crystal display apparatus according to an
exemplary embodiment of the present invention.

REFERENCES LIST

[0034] 10—array substrate; 10a—first sub pixel unit;
105—second sub pixel unit; 10c—third sub pixel unit; 10d—
fourth sub pixel unit; 100—thin film transistor; 101—pixel
electrode; 102—common electrode; 103—orientation layer;
1030—orientation of the orientation layer; 104—strip elec-
trode.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0035] Exemplary embodiments of the present disclosure
will be described hereinafter in detail with reference to the
attached drawings. The embodiments described are only a
part of the embodiments of the present invention. Other
embodiments obtained by those skilled in the art based on the
embodiments of the present invention without involving any
inventive step all falls within the scope of the present inven-
tion.

[0036] According to an exemplary embodiment of the
present invention, there is provided a liquid crystal display
apparatus comprising an array substrate 10, a package sub-
strate and a liquid crystal layer between the array substrate 10
and the package substrate. In addition, the liquid crystal dis-
play apparatus further comprises polarizers provided at both
sides of the liquid crystal display apparatus, respectively, and
a backlight source.

[0037] Thearray substrate 10 comprises a plurality of pixel
units arranged in an array. Each of the pixel units comprises at
least a first sub pixel unit 104, a second sub pixel unit 105 and
a third sub pixel unit 10c. As shown in FIGS. 1-3, each of the
sub pixel units comprises a thin film transistor 100, a pixel
electrode 101 electrically connected to a drain electrode of
the thin film transistor 100, a common electrode 102, and an
orientation layer 103. At least one of the pixel electrode 101
and the common electrode 102 in each of the sub pixel units
is configured to be a strip electrode 104,
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[0038] In an exemplary embodiment, as shown in FIGS.
4-5, at least two of angles of the strip electrodes 104, in the
first sub pixel unit 10q, the second sub pixel unit 105 and the
third sub pixel unit 10¢, withrespect to the orientation 1030 of
the orientation layer are not equal to each other. Please be
noted that, herein, the angle between the strip electrode and
the orientation is an angle (acute angle) between a longitudi-
nal direction of the strip electrode and the orientation.

[0039]

[0040] First point, the liquid crystal display apparatus com-
prises the array substrate 10 and the package substrate. In a
case where the array substrate 10 does not comprise a color
filter, the package substrate is a color filter substrate. In a case
where the array substrate 10 comprises a color filter, the
package substrate is only used to mate with the array substrate
10 to form a box structure in which liquid crystal is filled. The
color filter may be disposed at any suitable position herein.

[0041] Second point, as for a common array substrate 10,
each pixel unit of which may comprise three or four sub pixel
units, but the present invention is not limited to this, the
number of the sub pixel units may be determined according to
an actual configuration of the liquid crystal display panel.

[0042] Third point, limited to the preparation process of the
orientation layer 103, all orientation layers 103 in the entire
array substrate 10 have the same orientation. Thereby, in any
one of the pixel units, the terms “at least two of angles of the
strip electrodes 104, in the first sub pixel unit 10a, the second
sub pixel unit 105 and the third sub pixel unit 10¢, with
respect to the orientation 1030 of the orientation layer are not
equal to each other” only means that oblique angles of the
strip electrodes 104 with respect to the orientation 1030 are
not completely equal to each other.

[0043] Herein, the phrase “not completely equal to each
other” means that for any one of the pixel units, the oblique
angles of the strip electrodes 104 in two sub pixel units of the
pixel unit with respect to the orientation 1030 may be differ-
ent from each other, and the oblique angles of the strip elec-
trodes 104 in other sub pixel units of the pixel unit with
respect to the orientation 1030 may be equal to the oblique
angle of the strip electrode 104 in one of the above two sub
pixel units; or means that for any one of the pixel units, the
oblique angles of the strip electrodes 104 in any two sub pixel
units of the pixel unit with respect to the orientation 1030 are
different from each other.

[0044] The oblique angle ofthe strip electrode 104 in each
sub pixel unit with respect to the orientation 1030 may be
determined according to actual structure parameters of the
array substrate 10 and by performing a simulation match on a
voltage-transmittance curve of the liquid crystal display
apparatus, so that different colors of linearly polarized lights
have the same transmittance through the liquid crystal display
apparatus under the same voltage.

[0045] Fourthpoint, in all pixel units, the angles of the strip
electrodes 104 in corresponding sub pixel units at the same
relative position with respect to the orientation 1030 are equal
to each other.

[0046] Forexample, if each of the pixel units comprises the
first sub pixel unit, the second sub pixel unit and the third sub
pixel unit which are sequentially arranged from left to right,
then the first sub pixel unit in any one pixel unit corresponds
to the first sub pixel unit in any another pixel unit, the second
sub pixel unit in any one pixel unit corresponds to the second

Also, please note following several points:
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sub pixel unit in any another pixel unit, and the third sub pixel
unit in any one pixel unit corresponds to the third sub pixel
unit in any another pixel unit.

[0047] According to an exemplary embodiment of the
present invention, there is also provided a liquid crystal dis-
play apparatus comprising an array substrate 10, a package
substrate, a liquid crystal layer between the array substrate 10
and the package substrate, polarizers provided at a light-
inputting side and a light-outputting side of the liquid crystal
display apparatus, respectively, and a backlight source.
[0048] Thearray substrate 10 comprises a plurality of pixel
units arranged in an array. Each of the pixel units comprises at
least a first sub pixel unit 10a, a second sub pixel unit 105 and
a third sub pixel unit 10¢. Each of the sub pixel units com-
prises a thin film transistor 100, a pixel electrode 101 electri-
cally connected to a drain electrode of the thin film transistor
100, a common electrode 102, and an orientation layer 103.
At least one of the pixel electrode 101 and the common
electrode 102 in each of the sub pixel units is configured to be
a strip electrode 104.

[0049] Alternatively, at least two of angles of the strip elec-
trodes 104, in the first sub pixel unit 104, the second sub pixel
unit 106 and the third sub pixel unit 10¢, with respect to the
orientation 1030 of the orientation layer 103 are not equal to
each other.

[0050] A white light emitted from the backlight sourceis a
polychromatic light comprising a red light, a green light, a
blue light. Thereby, after passing through a polarizer at the
light-inputting side of the liquid crystal display apparatus, the
white light is converted into a linearly polarized white light.
Since the red light, the green light and the blue light in the
white light have different wavelengths, if the linearly polar-
ized white light passes through the liquid crystal layer with
same thickness and same deflection angle, a linearly polar-
ized red light, a linearly polarized green light and a linearly
polarized blue light in the linearly polarized white light will
show different degrees of variation in the polarization direc-
tion. As aresult, under the same voltage, transmittances of the
linearly polarized red light, the linearly polarized green light
and the linearly polarized blue light transmitting through a
polarizer at a light-outputting side of the liquid crystal display
apparatus are different from each other.

[0051] Inordertoovercomethe above problem, in an exem-
plary embodiment of the present invention, angles of strip
electrodes 104 in various sub pixel units of each pixel unit in
the array substrate 10 with respect to the orientation 1030 of
the orientation layer are configured based on a certain rela-
tion. In this way, under the same voltage, the linearly polar-
ized red light, the linearly polarized green light and the lin-
early polarized blue light can transmit through the polarizer at
the light-outputting side of the liquid crystal display appara-
tus in substantially the same light transmittance. Thereby, it
reduces the chromatic aberration between a color generated
by mixing lights of different sub pixel regions in different
grayscales and an actual color, improving the display effect of
the liquid crystal display apparatus.

[0052] In an exemplary embodiment of the present inven-
tion, one sub pixel unit in the array substrate 10 corresponds
to one color filter in the color filter, for example, a red filter.
After a linearly polarized white light passes through one color
filter corresponding to any one sub pixel unit in the array
substrate 10, for example, a red filter, the linearly polarized
white light only can be converted into a linearly polarized red
light corresponding to the red filter. Thereby, during config-
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uring the angle of the strip electrode 104 in the sub pixel unit
with respect to the orientation of the orientation layer, it only
needs to consider the linearly polarized red light emitted from
the red filter. Similarly, during configuring the angles of the
strip electrodes 104 in other two sub pixel units with respect
to the orientation of the orientation layer, it also only needs to
consider a linearly polarized green light and a linearly polar-
ized blue light emitted from a green filter and a blue filter,
respectively.

[0053] Also, the relation among the angles of the strip
electrodes 104 in various sub pixel units with respect to the
orientation 1030 may be determined according to actual
structure parameters of the array substrate 10 and by perform-
ing a simulation match on a voltage-transmittance curve of
the liquid crystal display apparatus.

[0054] Alternatively, as shown in FIG. 4, each of the pixel
units in the array substrate 10 may only comprise the first sub
pixel unit 104, the second sub pixel unit 105 and the third sub
pixel unit 10c¢.

[0055] Further, the angle of the strip electrode 104 in the
first sub pixel unit 10a with respect to the orientation 1030 of
the orientation layer is configured to be greater than or equal
to the angle of the strip electrode 104 in the second sub pixel
unit 105 with respect to the orientation 1030 of the orientation
layer. The angle of the strip electrode 104 in the second sub
pixel unit 105 with respect to the orientation 1030 of the
orientation layer is configured to be greater than or equal to
the angle of the strip electrode 104 in the third sub pixel unit
10¢ with respect to the orientation 1030 of the orientation
layer.

[0056] Herein, the angle (a first angle) between the strip
electrode 104 in the first sub pixel unit 10¢ and the orientation
1030 of the orientation layer may be set to be a; the angle (a
second angle) between the strip electrode 104 in the second
sub pixel unit 105 and the orientation 1030 of the orientation
layer may be set to be b; and the angle (a third angle) between
the strip electrode 104 in the third sub pixel unit 10¢ and the
orientation 1030 of the orientation layer may be set to be c.
Then, the angles between the strip electrodes 104 in the first,
second and third sub pixel units and the orientation 1030 of
the orientation layer may satisfy a relation: azb=c, wherein at
least two of a, b and ¢ are not equal to each other.

[0057] Inthis case, the array substrate 10 may further com-
prise a color filter. The color filter comprises a red filter, a
green filter and a blue filter. The red filter corresponds to the
first sub pixel unit 10a, the green filter corresponds to the
second sub pixel unit 105, and the blue filter corresponds to
the third sub pixel unit 10c.

[0058] Alternatively, the package substrate is configured to
be a color filter substrate, and the color filter substrate com-
prises a color layer. The first sub pixel unit 10a may corre-
spond to a red filter in the color layer of the color filter
substrate; the second sub pixel unit 105 may correspond to a
green filter in the color layer of the color filter substrate; and
the third sub pixel unit 10c may correspond to a blue filter in
the color layer of the color filter substrate.

[0059] Further, as shown in FIG. 5, each of the pixel units
may further comprise a fourth sub pixel unit 104. In this case,
the color filter of the array substrate 10 may further comprise
awhite filter or a yellow filter. Alternatively, the color layer of
the color filter substrate may further comprise a white filter or
a yellow filter. The fourth sub pixel unit 104 may correspond
to the white filter or the yellow filter.
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[0060] Herein, an oblique angle of a strip electrode 104 in
the fourth sub pixel unit 104 with respect to the orientation
1030 of'the orientation layer may be determined according to
actual structure parameters of the array substrate 10 and by
performing a simulation match on a voltage-transmittance
curve of the liquid crystal display apparatus, so that different
colors of linearly polarized lights have the same transmittance
through the liquid crystal display apparatus under the same
voltage.

[0061] Based on the above description, alternatively, the
array substrate 10 may be an In-Plane Switch (IPS) type array
substrate. In this case, as shown in FIG. 1, the pixel electrode
101 and the common electrode 102 are arranged in the same
layer and spaced from each other, and the pixel electrode 101
and the common electrode 102 both are configured to be the
strip electrode 104. An angle of the pixel electrode 101 with
respect to the orientation 1030 of the orientation layer is equal
to an angle of the common electrode 102 with respect to the
orientation 1030 of the orientation layer.

[0062] Or alternatively, the array substrate 10 may be an
Advanced-super Dimensional Switching (ADS) type array
substrate. In this case, as shown in FIGS. 2-3, the pixel elec-
trode 101 and the common electrode 102 are not arranged in
the same layer, and an upper one of the pixel electrode 101
and the common electrode 102 is configured to be the strip
electrode, and a lower one of the pixel electrode 101 and the
common electrode 102 is configured to be a plate electrode.
Thereby, it only needs to configure the upper one of the pixel
electrode 101 and the common electrode 102 to have an angle
with respect to the orientation 1030 of the orientation layer.
[0063] Please be noted that, in embodiments of the present
invention, only the relation among the angles of the strip
electrodes 104 in various sub pixel units with respect to the
orientation 1030 of the orientation layer is defined, and it does
not define a width of the strip electrode 104 and the space
between adjacent strip electrodes 104. The width of the strip
electrode 104 and the space between adjacent strip electrodes
104 may be determined according to the structure of different
array substrate 10.

[0064] Hereafter, it will perform a simulation match on a
voltage-transmittance curve of the liquid crystal display
apparatus by suitably setting the angles of the strip electrodes
104 in the first, second and third sub pixel units with respect
to the orientation 1030 of the orientation layer.

[0065] Ifthe angles of the strip electrodes 104 with respect
to the orientation 1030 of the orientation layer are set to betoo
small, it can obtain a liquid crystal display apparatus having
high transmittance, but the liquid crystal response speed
becomes slow. If the angles of the strip electrodes 104 with
respect to the orientation 1030 of the orientation layer are set
to be too large, it can obtain a liquid crystal display apparatus
having quick response, but the high transmittance becomes
low. Thereby, in order to well match the transmittance and the
liquid crystal response speed, as for a small sized liquid
crystal display apparatus, the angles of the strip electrodes
104 with respect to the orientation 1030 of the orientation
layer may be setto be in a range of 5°~11°. As for a large sized
liquid crystal display apparatus, the angles of the strip elec-
trodes 104 with respect to the orientation 1030 of the orien-
tation layer may be set to be greater than 11°.

[0066] Based on the above description, further, as for the
small sized liquid crystal display apparatus, the angle of the
strip electrode 104, in the first sub pixel unit 104 correspond-
ing to the red filter, with respect to the orientation 1030 of the
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orientation layer may be set to be in a range of 7°~11°; the
angle of the strip electrode 104, in the second sub pixel unit
104 corresponding to the green filter, with respect to the
orientation 1030 of the orientation layer may be set to be ina
range of 7°~11°; and the angle of the strip electrode 104, in
the third sub pixel unit 10¢ corresponding to the blue filter,
with respect to the orientation 1030 of the orientation layer
may be set to be in a range of 5°~9°.

[0067] Inthe above ranges, the angle (the first angle) of the
strip electrode 104, in the first sub pixel unit 10a correspond-
ing to the red filter, with respect to the orientation 1030 of the
orientation layer may be set to be equal to the angle (the
second angle) of the strip electrode 104, in the second sub
pixel unit 105 corresponding to the green filter, with respect to
the orientation 1030 of the orientation layer. The angle (the
third angle) of the strip electrode 104, in the third sub pixel
unit 10¢ corresponding to the blue filter, with respect to the
orientation 1030 of the orientation layer is set to be less than
the first angle and the second angle by 1°~2°, so as to avoid the
chromatic aberration from becoming too large at a low gray
scale.

[0068] In an example, if the angles of the strip electrodes
104 in the three sub pixel units, corresponding to the red filter
(with a wavelength of 630 nm), the green filter (with a wave-
length of 550 nm), the blue filter (with a wavelength of 430
nm) in the color layer of the color filter substrate, with respect
to the orientation 1030 of the orientation layer are all set to be
equal to 7°, and a simulation match is performed on the
voltage-transmittance curve of the liquid crystal display
apparatus.

[0069] Herein, the liquid crystal layer has a thickness 0f3.6
nm, the birefringence of liquid crystal molecules in the liquid
crystal layer is 0.99, the strip electrode has a width of 2 nm,
and a space between adjacent strip electrodes is 4 nm. After
simulation, a voltage-transmittance curve is obtained, as
shown in FIG. 6. It can be seen that the voltage-transmittance
curve)(630 nm-7° corresponding to the red filter substantially
conforms to the voltage-transmittance curve)(550 nm-7° cor-
responding to the green filter, but the voltage-transmittance
curve)(630 nm-7° and the voltage-transmittance curve)(550
nm-7° both are quietly different from the voltage-transmit-
tance curve)(430 nm-7° corresponding to the blue filter.
[0070] In the above example, the linearly polarized red
light, the linearly polarized green light and the linearly polar-
ized blue light show different degrees of optical phase delay
during passing through the liquid crystal layer with same
thickness and same deflection angle. Thereby, the linearly
polarized red light, the linearly polarized green light and the
linearly polarized blue light show different degrees of varia-
tion in the polarization direction after passing through the
liquid crystal layer. As a result, under the same voltage, trans-
mittances of the linearly polarized red light, the linearly
polarized green light and the linearly polarized blue light
transmitting through the color filter substrate and the polar-
izer at the light-outputting side of the liquid crystal display
apparatus are different from each other. In the above example,
the voltage-transmittance curve corresponding to the red fil-
ter and the voltage-transmittance curve corresponding to the
green filter are approximately same, but quietly different
from the voltage-transmittance curve corresponding to the
blue filter. Consequently, the chromatic aberration is pro-
duced in the liquid crystal display apparatus during display-
ing an image, especially, a white image shows a yellow chro-
matic aberration in different gray-scales.
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[0071] 1In order to well match the voltage-transmittance
curve corresponding to the blue filter with the voltage-trans-
mittance curves corresponding to the red filter and the green
filter, in an example, the angles of the strip electrodes 104 in
the sub pixel units, corresponding to the red filter and the
green filter in the color filter substrate, with respect to the
orientation 1030 of the orientation layer both are set to be
equal to 7°, the angle of the strip electrode 104 in the sub pixel
unit, corresponding to the blue filter in the color filter sub-
strate, with respect to the orientation 1030 of the orientation
layer is set to be equal to 5°, and a simulation match is
performed again on the voltage-transmittance curve of the
liquid crystal display apparatus.

[0072] The voltage-transmittance curve obtained in this
simulation match is shown in FIG. 6. It can be seen that the
voltage-transmittance curve (630 nm-7°) corresponding to
the red filter, the voltage-transmittance curve (550 nm-7°)
corresponding to the green filter, and the voltage-transmit-
tance curve (430 nm-5°) corresponding to the blue filter are
proximately same and well matched with each other. It means
that the linearly polarized red light, the linearly polarized
green light and the linearly polarized blue light, which have
different wavelengths, have approximately the same trans-
mittance under the same voltage. In this way, it can overcome
the above problem that the white image displaced in the liquid
crystal display apparatus shows the yellow chromatic aberra-
tion in different gray-scales. Of course, it also can reduce the
chromatic aberration appeared in other composite color
image.

[0073] As a result, based on the above simulation match,
finally, the angles of the strip electrodes 104 in the first sub
pixel unit 10¢ and the second sub pixel unit 105, correspond-
ing to the red filter and the green filter, with respect to the
orientation 1030 of the orientation layer both are set to be
equal to 7°, the angle of the strip electrode 104 in the third sub
pixel unit 10¢, corresponding to the blue filter, with respect to
the orientation 1030 of the orientation layer is set to be equal
to 5°.

[0074] In the above case, the angles of the strip electrodes
104 in the three sub pixel units 10a, 105 and 10¢ with respect
to the orientation 1030 of the orientation layer satisfy a rela-
tion expression: a=b>c.

[0075] In an exemplary embodiment of the present inven-
tion, there is also provided a method of manufacturing the
array substrate 10. The array substrate 10 comprises a plural-
ity of pixel units arranged in an array. Each of the pixel units
comprises at least a first sub pixel unit 10a, a second sub pixel
unit 105 and a third sub pixel unit 10¢. The method may
comprise step of: as for any sub pixel unit, forming a thin film
transistor 100, a pixel electrode 101 and a common electrode
102 on a substrate, and forming an orientation layer 103 on
the substrate on which the thin film transistor 100, the pixel
electrode 101 and the common electrode 102 have been
formed. At least one of the pixel electrode and the common
electrode in each of the sub pixel units is configured to be a
strip electrode. At least two of angles of the strip electrodes
104, in the first sub pixel unit 10a, the second sub pixel unit
105 and the third sub pixel unit 10¢, with respect to the
orientation 1030 of the orientation layer are not equal to each
other.

[0076] Please be noted that the thin film transistor 100
formed on the substrate may be a top gate type thin film
transistor or a bottom gate type thin film transistor.



US 2016/0011458 Al

[0077] Also, the pixel electrode 101 or the common elec-
trode 102 may be formed during forming the thin film tran-
sistor 100. The sequence of forming the pixel electrode 101,
the common electrode 102 and the thin film transistor 100
may be designed according to an actual structure of the array
substrate 10 and the manufacturing method.

[0078] Alternatively, as shown in FIG. 4, each of the pixel
units may only comprise the first sub pixel unit 10a, the
second sub pixel unit 105 and the third sub pixel unit 10c.
[0079] In this embodiment, the angle of the strip electrode
104 in the first sub pixel unit 10a with respect to the orienta-
tion 1030 of the orientation layer is configured to be greater
than or equal to the angle of the strip electrode 104 in the
second sub pixel unit 105 with respect to the orientation 1030
of the orientation layer. The angle of the strip electrode 104 in
the second sub pixel unit 105 with respect to the orientation
1030 of the orientation layer is configured to be greater than
or equal to the angle of the strip electrode 104 in the third sub
pixel unit 10¢ with respect to the orientation 1030 of the
orientation layer. In addition, at least two of the above angles
are not equal to each other.

[0080] Based on the above description, in an exemplary
embodiment, the angle of the strip electrode 104 in the first
sub pixel unit 10a with respect to the orientation 1030 of the
orientation layer may be set to be in a range of 7°~11°; the
angle of the strip electrode 104 in the second sub pixel unit
104 with respect to the orientation 1030 of the orientation
layer may be set to be in a range of 7°~11°; and the angle of
the strip electrode 104 in the third sub pixel unit 10¢ with
respect to the orientation 1030 of the orientation layer may be
set to be in a range of 5°~9°.

[0081] Further, the angles of the strip electrodes 104 in the
first sub pixel unit 10a and the second sub pixel unit 105 with
respect to the orientation 1030 of the orientation layer may be
set to be equal to 7°; and the angle of the strip electrode 104
in the third sub pixel unit 10¢ with respect to the orientation
1030 of the orientation layer may be set to be equal to 5°.

[0082] Inthis case, the array substrate 10 may further com-
prise a color filter. The color filter comprises a red filter, a
green filter and a blue filter. In an example, the red filter
corresponds to the first sub pixel unit 10a, the green filter
corresponds to the second sub pixel unit 105, and the blue
filter corresponds to the third sub pixel unit 10c.

[0083] Alternatively, if the array substrate 10 is applied in
the liquid crystal display apparatus, the package substrate
may be a color filter substrate, and the color filter substrate
comprises a color layer. In an example, the first sub pixel unit
10a may correspond to a red filter in the color layer of the
color filter substrate; the second sub pixel unit 105 may cor-
respond to a green filter in the color layer of the color filter
substrate; and the third sub pixel unit 10¢ may correspond to
a blue filter in the color layer of the color filter substrate.
[0084] Further, as shown in FIG. 5, each of the pixel units
may further comprise a fourth sub pixel unit 104.

[0085] In this case, the color filter of the array substrate 10
may further comprise a white filter or a yellow filter. Alter-
natively, the color layer of the color filter substrate may fur-
ther comprise a white filter or a yellow filter. The fourth sub
pixel unit 104 may correspond to the white filter or the yellow
filter.

[0086] Alternatively, as showninFIG. 1, the pixel electrode
101 and the common electrode 102 may be formed in the
same layer and spaced from each other by a single patterning
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process. The pixel electrode 101 and the common electrode
102 each may be the strip electrode.

[0087] In the example shown in FIG. 1, each of the pixel
electrode 101 and the common electrode 102 in any one ofthe
sub pixel units defines an angle with respect to the orientation
1030 of the orientation layer, and the angles of the pixel
electrode 101 and the common electrode 102 with respect to
the orientation 1030 are equal to each other.

[0088] As for any one of the pixel units, a relation among
the angles of the strip electrodes 104 in various sub pixel units
with respect to the orientation 1030 may be determined
according to a corresponding relation between the various sub
pixel units and the color filters, and its description is omitted
herein.

[0089] Alternatively, as shown in FIGS. 2-3, the pixel elec-
trode 101 and the common electrode 102 may be formed in
different layers by two times of patterning processes, respec-
tively. In this case, at least an upper one of the pixel electrode
101 and the common electrode 102 is configured to be the
strip electrode 104.

[0090] As shown in FIG. 2, the plate-like common elec-
trode 102 is firstly formed by a single patterning process, and
then the strip-like pixel electrode 101 is formed by a single
patterning process.

[0091] As shown in FIG. 3, the plate-like pixel electrode
101 is firstly formed by a single patterning process, and then
the strip-like common electrode 102 is formed by a single
patterning process.

[0092] Thereby, in the above two embodiments, as for any
one of the sub pixel units, it only needs to configure the strip
electrode 104 (the upper one of the pixel electrode 101 and the
common electrode 102) of the pixel electrode 101 and the
common electrode 102 to have an angle with respect to the
orientation 1030 of the orientation layer.

[0093] It should be appreciated for those skilled in this art
that the above embodiments are intended to be illustrated, and
not restrictive. Modifications or substitutions may be obvious
to the above embodiments by those skilled in this art, and the
modifications and the substitutions fall within the scope of the
present invention. The scope of the present invention is
defined in the claims and their equivalents.

1. An array substrate comprising a plurality of pixel units
arranged in an array, the pixel units each comprising at least a
first sub pixel unit, a second sub pixel unit and a third sub pixel
unit, the sub pixel units each comprising a pixel electrode, a
common electrode and an orientation layer, wherein

at least one of the pixel electrode and the common elec-

trode in each of the sub pixel units is configured to be a
strip electrode,

the strip electrode of the first sub pixel unit defines a first

angle with respect to an orientation of the orientation
layer, the strip electrode of the second sub pixel unit
defines a second angle with respect to the orientation of
the orientation layer, the strip electrode of the third sub
pixel unit defines a third angle with respect to the orien-
tation of the orientation layer, and

at least two of the first angle, the second angle and the third

angle are not equal to each other.

2. The array substrate according to claim 1, wherein

the first sub pixel unit corresponds to a red sub pixel unit,
the second sub pixel unit corresponds to a green sub
pixel unit, and the third sub pixel unit corresponds to a
blue sub pixel unit.
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3. The array substrate according to claim 2, wherein

each of the pixel units comprises only three sub pixel units,
that is, the first sub pixel unit, the second sub pixel unit
and the third sub pixel unit,

the first angle is greater than or equal to the second angle,
and

the second angle is greater than or equal to the third angle.

4. The array substrate according to claim 3, wherein

the first angle is in a range of 7°~11°,

the second angle is in a range of 7°~11°, and

the third angle is in a range of 5°~9°.

5. The array substrate according to claim 4, wherein

the first angle is equal to the second angle, and

the third angle is less than the first angle by 1°~2°.

6. The array substrate according to claim 1, wherein

the pixel electrode and the common electrode are arranged
in the same layer and spaced from each other, and

the pixel electrode and the common electrode both are
configured to be the strip electrode.

7. The array substrate according to claim 1, wherein

the pixel electrode and the common electrode are arranged
in different layers, and

at least one of the pixel electrode and the common elec-
trode located above the other of the pixel electrode and
the common electrode is configured to be the strip elec-
trode.

8. The array substrate according to claim 1, wherein

the first angles of the strip electrodes of the first sub pixel
units in the plurality of pixel units are the same;

the second angles of the strip electrodes of the second sub
pixel units in the plurality of pixel units are the same; and

the third angles of the strip electrodes of the third sub pixel
units in the plurality of pixel units are the same.

9. The array substrate according to claim 3, further com-

prising:

a color filter comprising a red filter corresponding to the
first sub pixel unit, a green filter corresponding to the
second sub pixel unit, and a blue filter corresponding to
the third sub pixel unit.

10. A liquid crystal display apparatus comprising the array

substrate according to claim 1.
11. The liquid crystal display apparatus according to claim
10, further comprising:

a color filter substrate comprising a color layer, and

wherein the color layer comprises a red filter correspond-
ing to the first sub pixel unit, a green filter corresponding
to the second sub pixel unit, and a blue filter correspond-
ing to the third sub pixel unit.

12. The liquid crystal display apparatus according to claim

10, wherein

the array substrate further comprises a color filter compris-
ing a red filter corresponding to the first sub pixel unit, a
green filter corresponding to the second sub pixel unit,
and a blue filter corresponding to the third sub pixel unit.

13. A method of manufacturing an array substrate compris-

ing a plurality of pixel units arranged in an array, the pixel
units each comprising at least a first sub pixel unit, a second
sub pixel unit and a third sub pixel unit, the sub pixel units
each comprising a pixel electrode, a common electrode and
an orientation layer,

the method comprising step of:

configuring at least one of the pixel electrode and the
common electrode in each sub pixel unit to a strip elec-
trode,
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wherein the strip electrode of the first sub pixel unit defines
a first angle with respect to an orientation of the orien-
tation layer, the strip electrode of the second sub pixel
unit defines a second angle with respect to the orienta-
tion of the orientation layer, the strip electrode of the
third sub pixel unit defines a third angle with respect to
the orientation of the orientation layer, and

wherein at least two of the first angle, the second angle and
the third angle are not equal to each other.

14. The method according to claim 13, wherein

the first sub pixel unit corresponds to a red sub pixel unit,
the second sub pixel unit corresponds to a green sub
pixel unit, and the third sub pixel unit corresponds to a
blue sub pixel unit.

15. The method according to claim 14, wherein

each of the pixel units comprises the first sub pixel unit, the
second sub pixel unit and the third sub pixel unit,

the first angle is greater than or equal to the second angle,
and

the second angle is greater than or equal to the third angle.

16. The method according to claim 15, wherein

the first angle is in a range of 7°~11°,

the second angle is in a range of 7°~11°, and

the third angle is in a range of 5°~9°.

17. The method according to claim 16, wherein

the first angle is equal to the second angle, and

the third angle is less than the first angle by 1°~2°.

18. A liquid crystal display apparatus, comprising:

a backlight source emitting a white light;

a light-inputting side polarizer, through which the white
light from the backlight source is converted into a lin-
early polarized white light comprising a linearly polar-
ized red light, a linearly polarized green light and a
linearly polarized blue light; and

a plurality of pixel units arranged in an array, wherein the
pixel units each comprising at least a first sub pixel unit,
a second sub pixel unit and a third sub pixel unit, the sub
pixel units each comprising a pixel electrode, a common
electrode and an orientation layer, at least one of the
pixel electrode and the common electrode in each of the
sub pixel units is configured to be a strip electrode, the
strip electrode of the first sub pixel unit defines a first
angle with respect to an orientation of the orientation
layer, the strip electrode of the second sub pixel unit
defines a second angle with respect to the orientation of
the orientation layer, the strip electrode of the third sub
pixel unit defines a third angle with respect to the orien-
tation of the orientation layer, and at least two of the first
angle, the second angle and the third angle are not equal
to each other;

a liquid crystal layer; and

a light-outputting side polarizer,

wherein the first angle, the second angle and the third angle
are so configured that:

the linearly polarized red light, the linearly polarized green
light and the linearly polarized blue light, which have
passed through the liquid crystal layer with same thick-
ness and same deflection angle, transmit through the
light-outputting side polarizer in substantially the same
light transmittance under the same voltage.

I S S T
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