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Acquiring a semi-transparent mask, which comprises a

plurality of ares of different transmittance from each other;

Appiving an alternating veltage 1o the Hauid crysial display
panel, so as 1o allow ligwd crysial molecules and
photopolymerizable monomers in the lquid crystal layer to tili

along cerfain directions:

¥

Maintaining application of the alfernating voltage, and using
the semi~transparent mask to pediorm light freatment on the
liguid crystal display panel, so0 as to allow the
photopolymerizable monomers to polymerize on sutfaces of
the two substrates and form granuiar polymers, such that liguid
crystal melecnles indifferent areas tilt at different angles;
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Stopping the application of the alternating voltage. and using

the semi-transparent mask to Durther perform light treatment

on the Hgnid crystal display panel, until completion of |

solymerization of the polvmerizable monomers.
oly merization of the photopolvmerizable monomer
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Acquiring a semi-transparent mask, which comprises a 8101
plurality of ares of different transmittance from cach other;
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Applying an alternating voltage to the liguid crystal display

-

panel, so as to allew liguid crystal molecules and
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photopolymerizable monomers in the Haquid crvstal layer to tili 102

along certain directions;

‘!
Maigtaining application of the allematiag voltage, and using

the semi-transparent mask to perform hight ireatment on the
liguid crvstal dispiay pancl, so as to allow the
photopolymerizable monomers to polymerize on surfaces of |’
the two substrates and form grasular polymers, such that liguid
crystal molecules in different areas tilt at differont angles;
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Stopping the application of the alternating voltage, and using
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the semi-transparent mask to further perform Hght treatment
on the liguid crystal display pasel, until completion of |
poly merization of the photopolymerizable monomers.
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ALIGNMENT METHOD SUITABLE FOR
PSVA LIQUID CRYSTAL DISPLAY PANEL

CROSS REFERENCE OF RELATED
APPLICATIONS

[0001] The present application claims the priority of Chi-
nese patent application CN 201510460229.8, entitled
“Alignment method suitable for PSVA liquid crystal display
panel” and filed on Jul. 31, 2015, the entirety of which is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the field of display
technologies, and in particular, to an alignment method
suitable for a PSVA liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0003] Vertical alignment (VA for short) liquid crystal
display devices can be achieved through a plurality of
approaches. According to a first approach, a projection is
disposed on a substrate, and liquid crystal molecules are
allowed to generate a certain pretilt angle in the vicinity of
the projection, so as to be guided to tilt toward a predeter-
mined direction. A second approach comprises etching
grooves in indium tin oxide (ITQ) electrode layers of an
upper substrate and a lower substrate, so as to allow an
electric field line to generate a certain tilt angle. Thus, a tilt
direction of liquid crystal molecules can be controlled. Such
atechnology is termed patterned vertical alignment (PVA for
short).

[0004] In connection with a third approach, an ITO elec-
trode layer provided on an array substrate is etched with a
gap, while an ITO electrode layer provided on a color filter
substrate is a plate electrode. Meanwhile, a reactive mono-
mer (RM for short) is added in liquid crystals. While a
voltage is applied, ultraviolet light can be used to irradiate
for polymerization, thereby forming a granular projection on
a surface of the substrate, and leading crystal molecules to
tilt toward a certain direction. An alignment effect can thus
be achieved. This technology is termed polymer stabilized
vertical alignment (PSVA for short).

[0005] PSVA liquid crystal display devices have such
advantages as a high contrast and an ultralow dark state
effect. In PSVA liquid crystal display devices of large
viewing angles, however, gamma curves would deviate.
That is, color shift occurs, thereby deteriorating watching
effects. In order to attenuate color shift at a large viewing
angle, and enlarge the viewing angle, engineers have divided
a sub pixel into a main area and a slave area through a circuit
design. Deviation of the gamma curves generated at a large
viewing angle of the sub pixel divided into the main area and
the slave area can be relieved, thereby attenuating the color
shift at a large viewing angle. However, variation in the
circuit design would increase the numbers of gate lines, data
lines, and thin film transistors, thereby decreasing an aper-
ture ratio and increasing drive difficulty.

SUMMARY OF THE INVENTION

[0006] The present disclosure aims to provide an align-
ment method suitable for a PSVA liquid crystal display
panel, and can be used to solve the technical problem of a
low aperture ratio of an existing PSVA liquid crystal display
panel.
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[0007] The present disclosure provides an alignment
method suitable for a PSVA liquid crystal display panel,
wherein a liquid crystal layer doped with photopolymeriz-
able monomers is filled between two substrates of the liquid
crystal display panel, and

[0008] wherein the method comprises the steps of:
[0009] acquiring a semi-transparent mask, which com-
prises a plurality of areas of different transmittance from
each other;

[0010] applying an alternating voltage to the liquid crystal
display panel, so as to allow liquid crystal molecules and the
photopolymerizable monomers in the liquid crystal layer to
tilt along certain directions

[0011] maintaining application of the alternating voltage,
and using the semi-transparent mask to perform light treat-
ment on the liquid crystal display panel, so as to allow the
photopolymerizable monomers to polymerize on surfaces of
the two substrates and form granular polymers, such that
liquid crystal molecules in different areas tilt at different
angles; and

[0012] stopping the application of the alternating voltage,
and using the semi-transparent mask to further perform light
treatment on the liquid crystal display panel, until comple-
tion of polymerization of the photopolymerizable mono-
mers.

[0013] Optionally, the method comprises maintaining
application of the alternating voltage, and using the semi-
transparent mask to perform light treatment on the liquid
crystal display panel for a period of time ranging from 0 to
200 s.

[0014] Optionally, the method comprises stopping the
application of the alternating voltage, and using the semi-
transparent mask to further perform light treatment on the
liquid crystal display panel for a period of time ranging from
1to2h

[0015] Optionally, the liquid crystal molecules in the lig-
uid crystal display panel are negative liquid crystal mol-
ecules.

[0016] Optionally, the liquid crystal molecules have a tilt
angle ranging from 85° to 90°.

[0017] Optionally, light used for the light treatment has a
wavelength ranging from 313 to 365 nm.

[0018] Optionally, the photopolymerizable monomers
have a reaction temperature ranging from 30 to 60 ° C.
[0019] Optionally, the semi-transparent mask comprises a
first area and a second area of different transmittance from
each other.

[0020] Optionally, the liquid crystal display panel is pro-
vided with a tabulate common electrode on an upper sub-
strate thereof, and a fish-hone shape pixel electrode on a
lower substrate thereof.

[0021] Optionally, ultraviolet light is used for the light
treatment.
[0022] The present disclosure brings about the following

beneficial technical effects. The embodiment of the present
disclosure provides the alignment method suitable for the
PSVA liquid crystal display panel, wherein the liquid crystal
layer doped with the photopolymerizable monomers is filled
between the two substrates of the liquid crystal display
panel. When the alternating voltage is applied to the liquid
crystal display panel, the semi-transparent mask having a
plurality of areas of different transmittance is used to per-
form light treatment on the liquid crystal display panel, so as
to allow the photopolymerizable monomers to polymerize
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on the surfaces of two substrates and form the granular
polymers. The liquid crystal molecules in different areas
have different tilt angles. In addition, when the alternating
voltage is removed, the light treatment is further performed,
until completion of polymerization of the photopolymeriz-
able monomers. The PSVA liquid crystal display panel
obtained through the alignment method has a plurality of
alignment areas. The liquid crystal molecules in different
alignment areas have different pretilt angles, such that
phenomenon of color shift of the PSVA liquid crystal display
panel can be reduced, and the high aperture ratio of the
PSVA liquid crystal display panel can be ensured, without
additional arrangement of such structures as gate lines, data
lines, and thin film transistors.

[0023] Other features and advantages of the present dis-
closure will be further explained in the following descrip-
tion, and partly become self-evident therefrom, or be under-
stood through implementation of the present disclosure. The
objectives and advantages of the present disclosure will be
achieved through the structure specifically pointed out in the
description, claims, and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In order to explicitly illustrate the technical solu-
tion in the embodiment of the present disclosure, accompa-
nying drawings that will be referred to in illustrating the
embodiments will be simply explained, in which:

[0025] FIG. 1 schematically shows a flow chart of an
alignment method suitable for a PSVA liquid crystal display
panel provided in an embodiment of the present disclosure;
and

[0026] FIGS. 2-5 schematically show alignment steps of
the liquid crystal display panel provided in the embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] The present disclosure will be explained in detail
with reference to the embodiments and the accompanying
drawings, whereby it can be fully understood how to solve
the technical problem by the technical means according to
the present disclosure and achieve the technical effects
thereof, and thus the technical solution according to the
present disclosure can be implemented. It is important to
note that as long as there is no structural conflict, all the
technical features mentioned in all the embodiments may be
combined together in any manner, and the technical solu-
tions obtained in this manner all fall within the scope of the
present disclosure.

[0028] The present disclosure provides an alignment
method suitable for a PSVA liquid crystal display panel. The
liquid crystal display panel comprises an upper substrate 11,
a lower substrate 12 arranged in parallel with the upper
substrate 11, and a liquid crystal layer tilled therebetween.
While the liquid crystal layer is being formed, a liquid
crystal material doped with photopolymerizable monomers
4 is used. The photopolymerizable monomers 4 can be used
to allow liquid crystal molecules 3 to be aligned in specific
directions, so as to form a specific alignment area. Granular
polymers 5 formed by polymerization of the photopolymer-
izable monomers 4 in the alignment area can limit orienta-
tion of the liquid crystal molecules 3, so as to achieve
alignment of the PSVA liquid crystal display panel.
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[0029] Specifically, as shown in FIG. 1, the alignment
method suitable for the PSVA liquid crystal display panel
comprises the following steps.

[0030] In step S101, a semi-transparent mask comprising
aplurality of areas of different transmittance from each other
is acquired.

[0031] The semi-transparent mask comprises a plurality of
areas having different transmittance from each other, and
each of the plurality of areas corresponds to a different
portion of a sub pixel in the liquid crystal display panel. For
example, in connection with a liquid crystal display panel
having a large viewing angle, each sub pixel includes a main
area and a slave area. The acquired semi-transparent mask
for such a sub pixel includes a first area 61 corresponding to
the main area, and a second area 62 corresponding to the
slave area. In the embodiment of the present disclosure,
formation of the sub pixel that has the main area and the
slave area will be referred to as an example for detailed
explanations.

[0032] In the embodiment of the present disclosure, the
main area accounts for 40% of a transparent area of the sub
pixel, and the slave area takes up 60% of the transparent area
thereof. Obviously, space allocation of the main area and the
slave area 1s not limited hereto, and can be determined as per
actual conditions.

[0033] Instep S102, an alternating voltage is applied to the
liquid crystal display panel, so as to allow the liquid crystal
molecules and the photopolymerizable monomers in the
liquid crystal layer to tilt along certain directions.

[0034] As FIG. 2 illustrates, the PSVA liquid crystal
display panel is provided with a tabulate common electrode
21 on the upper substrate 11 thereof, and a fish-bone shape
pixel electrode 22 on the lower substrate 12 thereof. Because
the liquid crystal molecules 3 in the liquid crystal display
panel of the embodiment according to the present disclosure
are negative liquid crystal molecules, the photopolymeriz-
able monomers 4 and the liquid crystal molecules 3 that are
filled between the upper substrate 11 and the lower substrate
12 are all arranged perpendicular to the upper substrate 11
and the lower substrate 12, prior to application of an electric
field.

[0035] After the alternating voltage is applied between the
upper substrate 11 and the lower substrate 12, the liquid
crystal molecules 3 and the photopolymerizable monomers
4 tilt under the effect of the electric filed applied between the
upper substrate 11 and the lower substrate 12, and realign in
accordance with directions of the electric field, to form small
tilt angles with respect to the previous perpendicular
arrangement. Specifically, the liquid crystal molecules 3,
after the alternating voltage is applied, tend to align in a
direction perpendicular to that of the electric filed. There-
fore, as depicted in FIG. 3, influenced by directions of the
electric filed, the liquid crystal molecules 3 tilt towards
different directions.

[0036] In step S103, application of the alternating voltage
is maintained, and the semi-transparent mask is used to
perform light treatment on the liquid crystal display panel,
so as to allow the photopolymerizable monomers to polym-
erize on surfaces of the two substrates and form granular
polymers. As a result, the liquid crystal molecules in differ-
ent areas tilt at different angles.

[0037] Having the property of photopolymerization, the
photopolymerizable monomers 4 will polymerize and be
cured upon light illumination of sufficient energy. In the
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embodiment of the present disclosure, ultraviolet light hav-
ing a wavelength ranging from 313 to 365 nm is used for the
light treatment, and the reaction temperature of the photo-
polymerizable monomers 4 is controlled within the range
from 30 to 60° C., so as to guarantee favorable photopoly-
merization effects.

[0038] While application of the alternating voltage is
maintained, the semi-transparent mask is used to perform
light treatment on the liquid crystal display panel for a
period. of time ranging from O to 200 s. This is to use the
granular polymers 5 generated in polymerization of the
photopolymerizable monomers 4, to secure the liquid crystal
molecules 3 at certain tilt angles.

[0039] As shown in FIG. 4, as the semi-transparent mask
comprises the first area 61 and the second area 62 of
different transmittance from each other, when the semi-
transparent mask is used to perform light treatment, ultra-
violet light, after passing through the semi-transparent mask,
will form two areas having different amounts of light energy
from each other. The photopolymerizable monomers 4 will
polymerize and be cured to produce polymers of different
molecular structures under different amounts of energy.
Hence, two alignment areas will be defined in the sub pixel.
The liquid crystal molecules 3 in the two different alignment
areas have different tilt angles. In addition, after the alter-
nating voltage applied between the upper substrate 11 and
the lower substrate 12 is removed, the liquid crystal mol-
ecules 3 located at the two different alignment areas will
present different, specific pretilt angles, which are not per-
pendicular to the upper substrate 11 and the lower substrate
12.

[0040] In step S104, application of the alternating voltage
is stopped, and the semi-transparent mask is further used to
perform light treatment on the liquid crystal display panel,
until completion of polymerization of the photopolymeriz-
able monomers.

[0041] In a manufacturing procedure, the duration for the
light treatment should be as short as possible, so as to
improve manufacturing efliciency of the liquid crystal dis-
play panel. However, excessively rapid polymerization
might be incomplete, and the remaining unpolymerized
monomers would cause unexpected image retention. After
the application of the alternating voltage is stopped, the
semi-transparent mask is used to further perform light
treatment on the liquid crystal display panel for 1 to 2. hours,
so as to ensure complete polymerization of the photopoly-
merizable monomers 4, as shown in FIG. 5.

[0042] During image display performed by the sub pixel,
the liquid crystal molecules 3 of different pretilt angles will
be driven at different threshold voltages. Therefore, while
one single sub pixel performs image display, different align-
ment areas in the sub pixel can present different display
brightness. As a result, formation of a plurality of alignment
areas in the sub pixel will contribute to reduction of the
phenomenon of color shift at large viewing angles larger
than or equal to 60 degrees. In addition, compared with
existing technologies that can eliminate the phenomenon of
color shift, it is unnecessary to increase the number of gate
lines, data lines, or thin film transistors by virtue of forma-
tion of the plurality of alignment areas through light treat-
ment. The liquid crystal display panel can thus have a
relatively high display aperture ratio, without requirements
of any complex drive modes to be arranged for the sub pixel.
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[0043] 1In particular, when the semi-transparent mask is
provided with the first area 61 and the second area 62 of
different transmittance from each other, the sub pixel forms
a first alignment area D1 and a second alignment area D2,
respectively corresponding to the main area and the slave
area of the sub pixel. The liquid crystal molecules 3 will
present different pretilt angles in the first alignment area D1
and the second alignment area D2. Due to different pretilt
angels of the liquid crystal molecules 3 in the first alignment
area D1 and the second alignment area D2, the liquid crystal
molecules 3 will have different final angles in the first
alignment area D1 and the second alignment area D2, even
when the entire sub pixel is applied with a same voltage.
Therefore, the liquid crystal display panel can present a fine
display quality.

[0044] The present disclosure will, of course, not limit the
pretilt angles of the liquid crystal molecules 3 in the first
alignment area Di and the second alignment area D2 to any
sizes, so long as the liquid crystal molecules 3 present
different pretilt angles in the first alignment area D1 and the
second alignment area D2.

[0045] To conclude the above, the embodiment of the
present disclosure provides the alignment method suitable
for the PSVA liquid crystal display panel, wherein the liquid
crystal layer doped with the photopolymerizable monomers
4 is filled between the two substrates of the liquid crystal
display panel. When the alternating voltage is applied to the
liquid crystal display panel, the semi-transparent mask hav-
ing a plurality of areas of different transmittance is used to
perform light treatment on the liquid crystal display panel,
so as to allow the photopolymerizable monomers 4 to
polymerize on the surfaces of the two substrates and form
the granular polymers 5. The liquid crystal molecules 3 in
different areas have different tilt angles. In addition, when
the alternating voltage is removed, the light treatment is
further performed, until completion of polymerization of the
photopolymerizable monomers 4. The PSVA liquid crystal
display panel obtained through the alignment method has a
plurality of alignment areas. The liquid crystal molecules 3
in different alignment areas have different pretilt angles. The
phenomenon of color shift of the PSVA liquid crystal display
panel can be reduced, and the high aperture ratio of the
PSVA liquid crystal display panel can be ensured, without
additional arrangement of such structures as gate lines, data
lines, and thin film transistors.

[0046] The above embodiments are described only for
better understanding, rather than restricting, the present
disclosure. Any person skilled in the art can make amend-
ments to the implementing forms or details without depart-
ing from the spirit and scope of the present disclosure. The
scope of the present disclosure should still be subject to the
scope defined in the claims.

1. An alignment method suitable for a PSVA liquid crystal
display panel, wherein a liquid crystal layer doped with
photopolymerizable monomers is filled between two sub-
strates of the liquid crystal display panel, and

wherein the method comprises the steps of:

acquiring a semi-transparent mask, which comprises a

plurality of areas of different transmittance from each
other;

applying an alternating voltage to the liquid crystal dis-

play panel, so as to allow liquid crystal molecules and
the photopolymerizable monomers in the liquid crystal
layer to tilt along certain directions;
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maintaining application of the alternating voltage, and
using the semi-transparent mask to perform light treat-
ment on the liquid crystal display panel, so as to allow
the photopolymerizable monomers to polymerize on
surfaces of the two substrates and form granular poly-
mers, such that liquid crystal molecules in different
areas tilt at different angles; and

stopping the application of the alternating voltage, and

using the semi-transparent mask to further perform
light treatment on the liquid crystal display panel, until
completion of polymerization of the photopolymeriz-
able monomers.

2. The method according to claim 1, comprising main-
taining application of the alternating voltage, and using the
semi-transparent mask to perform light treatment on the
liquid crystal display panel for a period of time ranging from
0 to 200 s.

3. The method according to claim 1, comprising stopping
the application of the alternating voltage, and using the
semi-transparent mask to further perform light treatment on
the liquid crystal display panel for a period of time ranging
from 1 to 2 h.
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4. The method according to claim 1, wherein the liquid
crystal molecules in the liquid crystal display panel are
negative liquid crystal molecules.

5. The method according to claim 1, rein the liquid crystal
molecules have a tilt angle ranging from 85° to 90°.

6. The method according to claim 1, wherein light used
for the light treatment has a wavelength ranging from 313 to
365 nm.

7. The method according to claim 1, wherein the photo-
polymerizable monomers have a reaction temperature rang-
ing from 30 to 60 ° C.

8. The method according to claim 1, wherein the semi-
transparent mask comprises a first area and a second area of
different transmittance from each other.

9. The method according to claim 1, wherein the liquid
crystal display panel is provided with a tabulate common
electrode on an upper substrate thereof, and a fish-bone
shape pixel electrode on a lower substrate thereof.

10. The method according to claim 1, wherein ultraviolet
light is used for the light treatment.
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