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ARRAY SUBSTRATE AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is the U.S. national phase of PCT
Application No. PCT/CN2014/081647 filed on Jul. 4, 2014,
which claims priority to Chinese Patent Application No.
201310450998.0 filed on Sep. 27, 2013, the disclosures of
which are incorporated in their entirety by reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of liquid
crystal display technology, in particular to an array substrate
and a liquid crystal display device.

BACKGROUND

[0003] Along with the development of manufacturing tech-
nologies, a thin film transistor liquid crystal display (TFT-
LCD) has replaced a traditional Cathode Ray Tube (CRT)
display device as a mainstream of display devices due to its
advantages such as low power consumption, low cost and free
of radiation. A display panel of the TFT-LCD consists of an
array substrate and a color filter substrate arranged opposite
to each other to form a cell, and liquid crystal molecules are
arranged between the array substrate and the color filter sub-
strate, The array substrate includes gate lines and data lines
arranged in a crisscross manner, pixel units defined by the
gate lines and the data lines, and an alignment film formed
above the pixel units. Each pixel unit includes a thin film
transistor (TFT), a pixel electrode and a common electrode.
The TFT, as a switch element, is configured to generate a
driving electric field between the pixel electrode and the
common electrode, thereby to control the deflection of the
liquid crystal molecules and display an image. A polyimide
(PI) material is deposited after the formation of the pixel
units, so as to form the alignment layer. Then, the alignment
film is subjected to rubbing alignment, so as to form an
alignment direction of the liquid crystal molecules.

[0004] Referring to FIG. 1, gate lines 10' are defined as
being distributed horizontally, and data lines 20" are distrib-
uted longitudinally. Pixel units 1' are defined by the gate lines
10" and the data lines 20'and each includes a pixel electrode 2'
having aslit3'. A simulationon an angle 0°<B<8° between the
alignment direction (shown by a solid line L' in FIG. 1) of the
liquid crystal molecules and a longitudinal direction was
carried out by the inventors by using a software called “Tech-
Wiz”, and a corresponding response time was obtained.
According to a simulation result, when [=7°, the response
time of the display device will be increased, e.g., by 20%,
relative to the response time when p=0°. When =8°, the
response time will be increased by 30% relative to the
response time when f=0°, and a contrast of the display device
will be reduced by 50% relative to that the contrast when
[=0°,1.e., a rubbing direction of the alignment film is perpen-
dicular to the gate lines 10'. However, if the rubbing direction
of the alignment film is perpendicular to the gate line 10", a
very large resistance will occur when the alignment film is
subject to the rubbing alignment. As a result, a service life of
the alignment film and rubbing evenness will be adversely
affected, and thereby poor display grayscales will occur.
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SUMMARY

[0005] An object of the present disclosure is to provide an
array substrate and a liquid crystal display device, so as to
prevent the occurrence of poor rubbing of an alignment film
when a rubbing direction of the alignment film is perpendicu-
lar to gate lines.

[0006] In one aspect, the present disclosure provides an
array substrate including gate lines, data lines, pixel units
defined by the gate lines and data lines, and an alignment film
formed above the pixel units. The gate lines may extend in a
horizontal direction, and a rubbing direction of the alignment
film may be angled relative to alongitudinal direction at a first
non-zero angle f3.

[0007] In another aspect, the present disclosure provides a
liquid crystal display device including the above-mentioned
array substrate.

[0008] The present disclosure has the following advanta-
geous effect. According to the present disclosure, the rubbing
direction of the alignment film is arranged as not to perpen-
dicular to the gate lines, and as a result, it is able to reduce a
resistance occurring when the alignment film is subject to
rubbing alignment, thereby to reduce the occurrence of poor
rubbing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to illustrate the technical solutions of the
present disclosure or the prior art in a clearer manner, the
present disclosure or the prior art will be described briefly
hereinafter in conjunction with the drawings. Obviously, the
following drawings merely relate some of the embodiments
of the present disclosure, and based on these drawings, a
person skilled in the art may obtain the other drawings with-
out any creative effort.

[0010] FIG. 1 is a schematic view showing a conventional
array substrate;
[0011] FIG. 2 is a schematic view showing the location

relationship among a gate line direction, a slit extension
direction of a second electrode, and a rubbing direction of an
alignment film in a conventional display device with a multi-
domain liquid crystal operational mode;

[0012] FIG. 3 is a schematic view showing an array sub-
strate according to one embodiment of the present disclosure;

[0013] FIG. 4 is a schematic view showing a pixel unit
according to one embodiment of the present disclosure;

[0014] FIG. 5is a schematic view showing the relationship
between a slit extension direction of a second electrode and a
rubbing direction of an alignment film according to one
embodiment of the present disclosure; and

[0015] FIG. 6 is a schematic view showing the relationship
between an angle f§, at which the rubbing direction of the
alignment film is offset from a direction perpendicular to a
gate line, and a response time of a display device according to
one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0016] The present disclosure will be described hereinafter
in conjunction with the drawings and the embodiments. The
following embodiments are for illustrative purposes only,
shall not be used to limit the scope of the present disclosure.
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First Embodiment

[0017] Referring to FIGS. 3 and 4, an array substrate of this
embodiment includes a base substrate 100, gate lines 10 and
data lines 20 formed on the base substrate 100, and pixel units
1 defined by the gate lines 10 and the data lines 20. Each pixel
unit 1 includes a Thin-film Transistor (TFT) (not shown)
serving as a switch element, a common electrode 4 and a pixel
electrode 2. A gate electrode of the TFT is connected to the
gate line 10, asource electrode thereofis connected to the data
line 20, and a drain electrode thereof is connected to the pixel
electrode 2, so0 as to control generating an electric field for
driving the deflection of liquid crystal molecules. An align-
ment film 101 is also formed above the pixel units 1, and an
alignment direction of the liquid crystal molecules depends
on a rubbing direction of the alignment film 101.

[0018] In order to facilitate the understanding, in this
embodiment, the gate lines 10 are defined as extending in a
horizontal direction, and the rubbing direction of the align-
ment film 101 (shown by a solid line L in FIG. 3) is angled
relative to a longitudinal direction at a first non-zero angle f3,
i.e., the rubbing direction of the alignment film 101 is not
perpendicular to a direction of the gate lines 10. As aresult, it
is able to reduce a resistance occurring when the alignment
film 101 is subject to rubbing alignment, thereby to reduce the
occurrence of poor rubbing.

[0019] Inthis embodiment, preferably $=2° so as to effec-
tively improve the poor rubbing when the alignment film is
subject to the rubbing alignment. The bigger the angle 3, the
more apparent the improvement to the poor rubbing. How-
ever, an increase in the angle § will lead to an increase in a
response time of a liquid crystal display device and a decrease
in a contrast thereof, and even a serious influence on the
display quality of the display device. Hence, the angle p may
be set as 2°<P=<14° so as not to adversely affect normal
display of the display device. Simulation on 2°<f<14° was
carried out by the inventors by using a software called “Tech-
Wiz”, and the corresponding response time was obtained. As
shown in FIG. 6, a simulation result shows that, when p
approaches 2° or 14°, the response time of the display device
will be increased, e.g., by 25% relative to the response time
when p=7°, so f is preferably set as 7°. Because an optimal
angle between the rubbing direction of the alignment film and
the longitudinal direction is changed from 0° to 7°, it is able
to effectively prevent the occurrence of poor rubbing when
the alignment film is subject to the rubbing alignment.

[0020] Further, an extension direction of the data line 20 is
set to be parallel to the rubbing direction of the alignment film
101. Usually, the gate lines 10 and the data lines 20 are
arranged on the array substrate in a crisscross manner, and
when the rubbing direction of the alignment film 101 is not
perpendicular to the gate lines 10, it is not parallel to the data
lines 20 any longer, thereby a resistance will occur when the
alignment film 101 is subject to the rubbing alignment. By
setting the extension direction of the data lines 20 to be
parallel to the rubbing direction of the alignment film 101, it
is able to eliminate this resistance, thereby to overcome the
poor rubbing caused when the rubbing direction of the align-
ment film 101 is not parallel to the data lines 20.

[0021] According to the present disclosure, the rubbing
direction of the alignment film is not perpendicular to the gate
line direction, and as a result, it is able to reduce the resistance
occurring when the alignment film is subject to the rubbing
alignment, thereby to prevent the occurrence of poor rubbing.
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Second Embodiment

[0022] When the rubbing direction of the alignment film is
set as not perpendicular to the gate line direction, the display
of the display device will be affected to some extent, espe-
cially for a display device capable of providing a multi-do-
main liquid crystal operational mode.

[0023] ADSDS (ADvanced Super Dimension Switch, ADS
for short) is a wide viewing angle core technique for a planar
electrical field system, and its main features may be described
as forming a multi-dimensional electric field by means of
electrical fields generated at edges of slit electrodes within an
identical plane and an electrical field generated between a slit
electrode layer and a plate electrode layer, so as to enable all
the liquid crystal molecules between the slit electrodes and
right above the electrodes within a liquid crystal cell to rotate,
thereby to improve the operational efficiency of the liquid
crystal molecules and enhance the light transmission effi-
ciency. ADS may be used to improve the image quality of a
TFT-LCD product, and has such advantages as high resolu-
tion, high transmittance, low power consumption, wide view-
ing angle, high aperture ratio, low chromatic aberration and
free of push Mura. For different applications, the improved
techniques of ADS may include I-ADS (for high transmit-
tance), H-ADS (for high aperture ratio) and S-ADS (for high
resolution).

[0024] To be specific, referring to FIG. 1, the pixel units 1'
of a liquid crystal display device with an ADS mode each
includes a first electrode (i.e., a common electrode) and a
second electrode 2' (i.e., a pixel electrode) provided with a
plurality of slits 3' (each slit 3' is of a stripe-like shape) and
located above the first electrode. The slits 3' are provided with
different extension directions, so as to form horizontal elec-
tric fields in several directions between the first electrode and
the second electrode 2' through the slits 3', thereby to provide
the multi-domain liquid crystal operational mode. The first
electrode may be a plate-like electrode or an electrode pro-
vided with a plurality slits. The slits 3' of the second electrode
2' at least correspond to a position between two slits of the first
electrode.

[0025] Inthisembodiment, theliquid crystal display device
with the ADS mode is taken as an example so as to illustrate
the influence on the display of the display device capable of
providing the multi-domain liquid crystal operational mode
when the rubbing direction of the alignment film is not per-
pendicular to the gate line direction.

[0026] Referring to FIG. 1, for the ADS display device
capable of providing a two-domain liquid crystal operational
mode, when designing a pixel structure of the array substrate,
the pixel electrodes 2' are arranged in a manner having a shape
like “<” or “>”, 1.e., the slits 3' of the pixel electrodes 2' may
extend in two different directions, so as to form horizontal
driving electric fields in two directions, thereby to provide a
two-domain liquid crystal operational mode. This pixel struc-
ture design is called as two-domain design. As compared with
a one-domain (where the slits of the pixel electrode are of a
straight stripe shape) design, the two-domain design has such
advantages as a small chromatic deviation and a wide viewing
angle. Referring to FIG. 2, during the application of the array
substrate of the present disclosure to the ADS display device
capable of providing the two-domain liquid crystal opera-
tional mode, the inventors find that, when the angle f} between
the rubbing direction (shown by a solid line L,') of the align-
ment film and the longitudinal direction approaches or is
greater than an angle 6 between an extension direction of the
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slits 3' and the longitudinal direction, an angle o between the
rubbing direction of the alignment film and the slits 3' there-
above will be too small, which results in confused deflection
of the liquid crystal molecules and a large response time, and
meanwhile an angle o between the rubbing direction of the
alignment film and the slits 3' therebelow will be too large,
which results in decreased contrast and transmittance of the
display device. When the angle f§ between the rubbing direc-
tion (shown by a solid line L,") and the longitudinal direction
is less than the angle 6 between the extension direction of the
slits 3' and the longitudinal direction, the poor rubbing will
not be improved significantly.

[0027] Obviously, for the liquid crystal display device with
the ADS mode, when the slits of the pixel electrode extend in
three or more directions so as to provide the multi-domain
liquid crystal operational mode, the above defects will also
occur.

[0028] Hence, in this embodiment, the angle a between the
extension direction of the slits 3 and the rubbing direction of
the alignment film 101 is set as 0°<0<12°, as shown in FIGS.
3-5. However, when 0°<a.<5°, an alignment direction of the
liquid crystal molecules (i.e., the rubbing direction of the
alignment film 101) is substantially parallel to the slits 3 of the
second electrode 2. When a driving voltage is applied, some-
times the confused deflection of the liquid crystal molecules
will occur, which results in unsaturated brightness of a screen
in the event of a very large driving voltage. When a is greater
than 7°, there will be a very large angle between the alignment
direction of the liquid crystal molecules and the slits 3 of the
second electrode 2, which results in a very small deflection
angle of the liquid crystal molecules. In order to prevent light
leakage for the screen in a dark state, a direction of an absorp-
tion axis for a polarizer of a display panel has to be parallel to
or perpendicular to the rubbing direction of the alignment
film 101, which however results in a decreased light trans-
mittance of the screen. Here, the angle « is preferably set as
5°=0<7°, 50 as to ensure the response time, transmittance and
contrast of the pixel structure in a better manner, thereby to
ensure the display quality of the display device. To be spe-
cific, in order to ensure the angle range of o, because the angle
[ between the rubbing direction of the alignment film 101 and
the longitudinal direction is increased, it is required to set . to
be a difference between f and 0 (the angle between the
extension direction of the slits 3 and the longitudinal direc-
tion), i.e., a=10-PI, so as to ensure that o is not too large and
falls within the mentioned angle range.

[0029] For the ADS display device capable of providing a
two-domain liquid crystal operational mode, when designing
the pixel structure of the array substrate, the slits 3 of the pixel
electrode 2 will extend in two different directions, and pref-
erably the extension directions of two adjacent slits 3 is in
mirror symmetry with a normal direction (i.e., abroken line in
FIG. 5) of the rubbing direction L, as shown in FIG. 5, so that
the angles o between the extension directions of the slits 3 and
the rubbing direction are identical to each other. As a result,
the identical response time for the liquid crystal molecules
will be obtained under the effect of the driving electric fields
with the same intensity, and the display quality of the display
device will be improved.

[0030] To be specific, the angle o between the slit 3 and the
rubbing direction of the alignment film 101 is 2°<a<12° and
the angle f is 2°<p=<14° then it can be calculated that
0°=0<12° according to an expression 2°<o=f-0<12°, and
4°<0<26° according to an expression 2°=a=0-p=12°.
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[0031] According to the present disclosure, the angle f at
which the rubbing direction of the alignment film is offset
from a direction perpendicular to the gate lines 10 is set as
B=2° so as to effectively improve the poor rubbing of the
alignment film. Further, for the ADS display device capable
of providing the multi-domain liquid crystal operational
mode, the angle o between the extension direction of the slits
and the rubbing direction is set as 0°<0<12°, 50 as to ensure
the display quality of the display device while improving the
poor rubbing.

[0032] Further, the extension direction of the data lines 20
is set as parallel to the rubbing direction of the alignment film
101, so as to obtain the angle between the extension direction
of the data lines 20 and the extension direction of the slits 3
equal to a, thereby to effectively increase an aperture rate of
the pixel units 1.

[0033] The relationship among the angle o between the
extension direction of the slits and the rubbing direction, the
angle f§ between the rubbing direction of the alignment film
and the longitudinal direction, and the angle 8 between the
slits and the longitudinal direction will be described herein-
after in conjunction with several modes.

[0034] In a first mode, the extension direction of the data
lines 20 is set as parallel to the rubbing direction of the
alignment film 101, the angle f§ between the rubbing direction
of the alignment film 101 and the longitudinal direction is
[(=14°, and the angle o between the slits 3 and the rubbing
direction of the alignment film is 2°<a<12°. When a=p-6, it
can be calculated that 2°<6<12°, and when a=6-J3, it can be
calculated that 16°<0<26°.

[0035] In asecond mode, the angle 3 between the rubbing
direction of the alignment film and the longitudinal direction
is p=7°, and the angle o between the slits 3 and the rubbing
direction of the alignment film is 2°<a<12°. When a=p-6, it
can be calculated that 0°<6<5°, and when a=8-, it can be
calculated that 9°<8<19°.

[0036] In a third mode, the angle § between the rubbing
direction of the alignment film and the longitudinal direction
is p=2°, and the angle o between the slits 3 and the rubbing
direction of the alignment film is 2°<a<12°. When a=p-0, it
can be calculated that 6=0°, and when a=6-f, it can be
calculated that 4°<0<14°.

[0037] Ina fourth mode, the angle o between the slits 3 and
the rubbing direction of the alignment film is ¢=7°, and the
angle § between the rubbing direction of the alignment film
and the longitudinal direction is 2°<f<14°. When o=f-0, it
can be calculated that 0°<6<7°, and when a=8-p, it can be
calculated that 9°<8<21°.

[0038] In a fifth mode, the angle o. between the slits 3 and
the rubbing direction of the alignment film is a=5°, and the
angle f§ between the rubbing direction of the alignment film
and the longitudinal direction is 2°<f<14°. When o=f-8, it
can be calculated that 0°<6<9°, and when a=0-p, it can be
calculated that 7°<8<19°.

Third Embodiment

[0039] Based onan identical inventive concept, the present
disclosure provides in this embodiment a liquid crystal dis-
play device including the array substrate according to the first
embodiment. Because the rubbing direction of the alignment
film is not perpendicular to the gate line direction, it is able to
reduce the resistance occurring when the alignment film is
subject to the rubbing alignment and reduce the poor rubbing,
thereby to improve a yield of the liquid crystal device.
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[0040] Alternatively, the angle f at which the rubbing
direction of the alignment film is offset from a direction
perpendicular to the gate lines is set as f=2°, so as to effec-
tively improve the poor rubbing of the alignment film. Fur-
ther, for the ADS display device capable of providing the
multi-domain liquid crystal operational mode, the angle o
between the extension direction of the slits and the rubbing
direction is set as 0°=a<12° so as to ensure the display
quality of the display device while improving the poor rub-
bing.

[0041] The above are merely the preferred embodiments of
the present disclosure. It should be appreciated that, a person
skilled in the art may make further improvements and substi-
tutions without departing from the principle of the present
disclosure, and these improvements and substitutions shall
also fall within the scope of the present disclosure.

1. An array substrate, comprising gate lines, data lines,
pixel units defined by the gate lines and the data lines, and an
alignment film formed above the pixel units, wherein the gate
lines extend in a horizontal direction, and a rubbing direction
of the alignment film is angled relative to a longitudinal
direction at a first non-zero angle f3.

2. The array substrate according to claim 1, wherein f=2°.

3. The array substrate according to claim 2, wherein
2°<f=14°.

4. The array substrate according to claim 3, wherein f=7°.

5. The array substrate according to claim 1, wherein the
data lines extend in a direction parallel to the rubbing direc-
tion of the alignment film.

6. The array substrate according to claim 1, wherein each of
the pixel units comprises a first electrode, and a second elec-
trode provided with a plurality of slits and arranged above the
first electrode, and the slits extend in several different direc-
tions.

7. The array substrate according to claim 6, wherein each of
the slits extends in a direction angled relative to the rubbing
direction at a second angle ¢, and 0°<a<12°.

8. The array substrate according to claim 7, wherein
5%=a=7°.

9. The array substrate according to claim 7, wherein the
slits extend in two different directions, and two adjacent slits
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extend in directions in mirror symmetry with respect to a
normal direction of the rubbing direction.

10. A liquid crystal display device comprising an array
substrate, wherein the array substrate comprises gate lines,
data lines, pixel units defined by the gate lines and the data
lines, and an alignment film formed above the pixel units,
wherein the gate lines extend in a horizontal direction, and a
rubbing direction of the alignment film is angled relative to a
longitudinal direction at a first non-zero angle .

11. The array substrate according to claim 8, wherein the
slits extend in two different directions, and two adjacent slits
extend in directions in mirror symmetry with respect to a
normal direction of the rubbing direction.

12. The liquid crystal display device according to claim 11,
wherein pz2°.

13. The liquid crystal display device according to claim 12,
wherein 2°<f<14°.

14. The liquid crystal display device according to claim 13,
wherein p=7°.

15. The liquid crystal display device according to claim 11,
wherein the data lines extend in a direction parallel to the
rubbing direction of the alignment film.

16. The liquid crystal display device according to claim 11,
wherein each of the pixel units comprises a first electrode, and
a second electrode provided with a plurality of slits and
arranged above the first electrode, and the slits extend in
several different directions.

17. The liquid crystal display device according to claim 16,
wherein each of the slits extends in a direction angled relative
to the rubbing direction at a second angle ., and 0°=a=<12°.

18. The liquid crystal display device according to claim 17,
wherein 5°=sa=7°.

19. The liquid crystal display device according to claim 17,
wherein the slits extend in two different directions, and two
adjacent slits extend in directions in mirror symmetry with
respect to a normal direction of the rubbing direction.

20. The liquid crystal display device according to claim 18,
wherein the slits extend in two different directions, and two
adjacent slits extend in directions in mirror symmetry with
respect to a normal direction of the rubbing direction.

* ok % % ¥



TRAFROE) PBEFIERFRRE REE
NIF(2E)E US20160033826A1 K (2E)R
HiES US14/419595 HiEA

FRIFRB(EFR)AGE) READZEARGERLE
BRI KERZERLE

RE(EFR)AGE) REAPBEEARGERLF.
BIERFES KEREFRLA.

HHRBERARAE) REANEREARGERLF.
BRERRFXEBREARLF.

PRI ZEAA GUO YUANHUI
QIN FENG
EHAA GUO, YUANHUI
QIN, FENG
IPCH3%E GO02F1/1343 GO2F1/1337 G02F1/1362
CPCH%(F GO02F1/134309 G02F1/136286 G02F 1/133784 G02F2001/134372
Lk 201310450998.0 2013-09-27 CN
H A0 FF 3R Us9477119
S\EBEEE Espacenet USPTO
BWEGF)

RIFAQTT RS EARTLEEMRL |, BIEL , BREMBIELR

patsnap

2016-02-04

2014-07-04

ENGRET  URFERERELT EAWEUGR, MR AT LEKF
FE B, F ARG ARA RS @ A SR T @S —EFAERK
AK.



https://share-analytics.zhihuiya.com/view/b84df18e-822e-4411-bf3a-dc2113b869b1
https://worldwide.espacenet.com/patent/search/family/049828349/publication/US2016033826A1?q=US2016033826A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160033826%22.PGNR.&OS=DN/20160033826&RS=DN/20160033826

