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7) ABSTRACT

Disclosed is an apparatus for improving optical alignment of
panels manufactured on a same mother substrate. The tech-
nical defect in the prior art which affects product quality can
be eliminated. The apparatus for improving optical align-
ment of panels manufactured on a same mother substrate
includes a mother substrate (1), N columns of chips in a first
group (2), N columns of chips in a second group (3), and a
photomask (4). The N columns of chips in the first group (2)
and the N columns of chips in the second group (3) are
arranged in an alternate manner and are arranged on the
mother substrate (1). An area of the chips in the second
group (3) is larger than an area of the chips in the first group
(2). The photomask (4) covers the N columns of chips in the
first group (2) and the N columns of chips in the second
group (3) so that ultraviolet irradiates the N columns of chips
in the first group (2) and the N columns of chips in the
second group (3) after passing through the photomask (4). N
is a positive integer. The apparatus can be used in manu-
facturing of TFT-LCD.
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APPARATUS FOR IMPROVING OPTICAL
ALIGNMENT OF PANELS MANUFACTURED
ON A SAME MOTHER SUBSTRATE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the priority of Chi-
nese patent application CN201610799793.7, entitled “Appa-
ratus for improving optical alignment of panels manufac-
tured on a same mother substrate” and filed on Aug. 31,
2016, the entirety of which is incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of display, and particularly to an apparatus for improving
optical alignment of panels manufactured on a same mother
substrate.

BACKGROUND OF THE INVENTION

[0003] A liquid crystal display module comprises a liquid
crystal display panel (liquid crystal molecules in a liquid
crystal layer can be aligned by an electric field so that an
image can be displayed on the liquid crystal display panel);
a backlight module, which can provide light to the liquid
crystal display panel; and a shell, in which the liquid crystal
display panel and the backlight module are fixed.

[0004] The liquid crystal display panel comprises a liquid
crystal layer, a pair of substrates (the liquid crystal layer is
arranged therebetween), and a pair of polarizers which are
fixed on an outer surface of a corresponding substrate. As to
an image displayed on the liquid crystal display panel, it is
expected that a same display quality can be obtained when
an audience watches the panel from various directions. For
this purpose, many attempts have been made. For example,
a liquid crystal display device in a Vertical Alignment (VA)
mode and a liquid crystal display device in a Plane to Line
Switching (PLS) mode have been developed. With respect to
the liquid crystal display device in the VA mode, verticality
of liquid crystal molecules relative to the substrate is taken
advantage of. With respect to the liquid crystal display
device in the PLS mode, horizontality of liquid crystal
molecules relative to the substrate is taken advantage of.
Since the liquid crystal molecules in the aforesaid two kinds
of display devices have a similar refractive index anisotropy
in different directions, the liquid crystal display device in the
VA mode and the liquid crystal display device in the PLS
mode both have a wide viewing angle.

[0005] In order to further improve a viewing angle per-
formance of the display device, a metal wiring pattern and
slits or protrusions made of an organic film are formed on a
pixel unit so that the liquid crystal molecules can have a
similar tilt angle in different directions. However, due to an
influence of a fringe field on the liquid crystal molecules, an
aperture ratio of the pixel unit would be reduced by the
pattern, slits or protrusions. The aperture ratio refers to a
ratio of an area of a pixel unit through which light from the
backlight module can pass to a total area of the pixel unit.
Here, the pixel unit can refer to a pixel of the liquid crystal
display panel which shows a basic color.

[0006] The liquid crystal molecules are aligned in a same
manner according to a same electric potential. Hence, a
pre-tilt is formed in the alignment film of the substrate, so
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that a direction and tilt angle of liquid crystal molecules near
the substrate can be fixed. The pre-tilt of the alignment film
is formed by a rubbing cloth that is pre-formed on an
alignment material of the substrate. However, due to con-
tacts thereof, outside materials would be introduced to the
alignment film, or electrostatic charges would be generated
on the alignment film, and thus a productivity of the liquid
crystal display panel would be reduced when the alignment
film is formed by the rubbing cloth. Moreover, since the
rubbing cloth needs to be replaced frequently, a producing
time and cost would be increased.

[0007] In order to improve the productivity of the liquid
crystal display panel, an optical alignment technology is
introduced. According to the optical alignment technology,
the pre-tilt of the alignment film is formed through a
non-contact method, and no pattern, slit or protrusion is
formed in the pixel region. According to the optical align-
ment technology, a substrate is provided with a photo-
reactive material, and a tilted ultraviolet irradiates a surface
of the photo-reactive material. The pre-tilt of the alignment
film is formed according to the irradiation direction. There-
fore, the pixel unit can be divided into several regions and
ultraviolet irradiates these regions from different directions,
so that the pre-tilt of the liquid crystal molecules can be
formed in different directions.

[0008] The pixel unit comprises a pixel electrode that is
formed on one substrate, a common electrode that is formed
on the other transparent substrate spaced from the substrate
on which the pixel electrode is formed, and a liquid crystal
layer that is arranged between the two substrates. The pixel
electrode is formed on each of the pixel units that are
arranged on one substrate, and the common electrode is
formed on a whole surface of the other substrate. As a result,
a fringe field would be generated between edges of the pixel
electrodes and the common electrode. Due to the influence
of the fringe field, some liquid crystal molecules are aligned
independently and are not affected by the electric potential
of the pixel electrode, and the light from the backlight
module is shaded by the liquid crystal molecules. As a result,
a fringe field texture (FFT) would appear in this region, i.e.,
a normal brightness cannot be shown in this region.
[0009] The pre-tilt direction of each of the domains is
matched to a polarization axis of the polarizer that is fixed
on the substrate of the liquid crystal display panel. Since the
pre-tilt direction of each of the domains is basically perpen-
dicular to at least one polarizer, the light which passes
through the liquid crystal molecules near a domain boundary
texture (DBT) or edges of the pixel electrodes is not per-
pendicular to the polarization axis of the polarizer. As a
result, the brightness would be reduced in the region near the
domain boundary texture (DBT) or edges of the pixel
electrodes.

[0010] The aperture ratio of a pixel unit is a ratio of an area
of the pixel unit which has a normal brightness to a total area
thereof. A light transmittance of the pixel unit refers to a
ratio of the brightness of the light which passes through the
pixel unit to the brightness of the light that is emitted by the
backlight module before passing through the pixel unit. Due
to the existence of the domain boundary texture (DBT) and
the fringe field texture (FFT), the brightness of the pixel unit
would be reduced, and the aperture ratio and light transmit-
tance of the pixel unit would be reduced accordingly.
[0011] According to the optical alignment technology, the
pre-tilt angle is determined by a strength of the light and the
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irradiation time thereof. If the pre-tilt angle is too large, the
liquid crystal molecules far from the alignment film would
be aligned in a wrong manner and are not in consistent with
the electric potential that is applied to the pixel electrodes.
Consequently, the pixel unit would have brightness higher or
lower than normal brightness. A picture contrast of the liquid
crystal display panel would be reduced, and a black residual
image would be generated. In a black residual image phe-
nomenon, when a signal of a black image is provided to the
pixel electrode, a gray color would appear on the pixel unit.

[0012] With the popularity of large sized liquid crystal
televisions (TV), the market of large sized liquid crystal TV
shows a good development trend. However, during produc-
tion procedure, the large sized display panel has a low
utilization ratio and a high cost. Therefore, the price of the
large sized liquid crystal TV is relatively high, which limits
the market development thereof.

[0013] At present, the aforesaid defect is eliminated
through a mother substrate technology. That is, large sized
panels and small sized panels are produced together in a
large substrate, so that the production cost of large sized
liquid crystal TV can be greatly reduced, as shown in FIG.
1. However, due to size difference among the panels, under
a same view area curing condition, the liquid crystals in the
panels have different pre-tilt angles since the panels have
different numbers of pixels per inch in an active area thereof,
as shown in FIGS. 2 and 3.

[0014] During a traditional view area curing procedure,
the liquid crystal in the view area is doped with a certain
proportion of reactive liquid crystal with a high purity
(phototactic monomer). This kind of liquid crystal not only
has a liquid crystal nucleus as the common liquid crystal
molecule, but also has one or a plurality of reactive light
energy base(s) at one end thereof, such as an acrylic base.
Then, an external voltage is applied between an upper
substrate and a lower substrate, so that the liquid crystal
molecules can have a pre-tilt angle. In different domains of
one pixel, the liquid crystal molecules have different tilt
directions. Next, the substrates are irradiated by ultraviolet
with a certain wavelength from the thin film transistor (TFT)
side, the reactive liquid crystal are polymerized into a
polymer network, which can attract the liquid crystal mol-
ecules in a surface layer and enable the liquid crystal
molecules to form a fixed pre-tilt angle.

[0015] The chips with different sizes have different num-
bers of pixels per inch in an active area thereof, and thus the
chips have different light transmittances during view area
curing procedure. The larger the number of pixels per inch
is; the smaller the aperture area of the TFT is; the lower the
light transmittance will be; and the smaller the pre-tilt angle
of the liquid crystal will become. In this case, there is a risk
of poor liquid crystal diffusion, as shown in FIG. 2. The
smaller the number of pixels per inch is; the larger the
aperture area of the TFT is; the higher the light transmittance
will be; and the larger the pre-tilt angle of the liquid crystal
will become. In this case, there is a risk of broken bright
spots, as shown in FIG. 3.

[0016] The number of pixels per inch is a unit of image
resolution. Hence, if the number of pixels per inch is high,
it means that the display screen can show the image with a
high density.
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SUMMARY OF THE INVENTION

[0017] With respect to the aforesaid technical problem in
the prior art, the present disclosure provides an apparatus for
improving optical alignment of panels manufactured on a
same mother substrate.

[0018] The apparatus for improving optical alignment of
panels manufactured on a same mother substrate comprises
a mother substrate, N columns of chips in a first group, N
columns of chips in a second group, and a photomask,
[0019] wherein the N columns of chips in the first group
and the N columns of chips in the second group are arranged
in an alternate manner and are arranged on the mother
substrate;

[0020] wherein an area of the chips in the second group is
larger than an area of the chips in the first group;

[0021] wherein the photomask covers the N columns of
chips in the first group and the N columns of chips in the
second group so that ultraviolet irradiates the N columns of
chips in the first group and the N columns of chips in the
second group after passing through the photomask; and
[0022] wherein N is a positive integer.

[0023] The N columns of chips in the first group and the
N columns of chips in the second group with two different
areas have different numbers of pixels per inch in an active
area thereof.

[0024] A pixel comprises:

[0025] a first alignment film that is formed on a first
substrate and a second alignment film that is formed on a
second substrate and faces the first alignment film; and
[0026] a plurality of adjacent domains, wherein the adja-
cent domains each comprise a region with normal brightness
and a boundary region, and each boundary region defines a
region between two adjacent domains.

[0027] A pre-tilt angle of liquid crystal molecules in the
region with normal brightness is the same as a pre-tilt angle
of liquid crystal molecules in the boundary region.

[0028] The photomask is a half-tone photomask.

[0029] The half-tone photomask comprises a pixel region
and a peripheral wiring region, and the pixel region com-
prises a semi-transparent region.

[0030] A light transmittance of the semi-transparent
region of the half-tone photomask decreases from a central
part of the pixel region to an edge part thereof.

[0031] The semi-transparent region of the half-tone pho-
tomask comprises a first semi-transparent region and a
second semi-transparent region, and a light transmittance of
the second semi-transparent region is lower than a light
transmittance of the first semi-transparent region.

[0032] A number of pixels per inch in an active area of the
chips in the second group corresponds to the first semi-
transparent region of the half-tone photomask. A number of
pixels per inch in an active area of the chips in the first group
corresponds to the second semi-transparent region of the
half-tone photomask.

[0033] A wavelength of the ultraviolet ranges from 190
nm to 400 nm.
[0034] The following beneficial effects can be brought

about according to the present disclosure.

[0035] According to the present disclosure, the chips with
different sizes on the mother substrate are irradiated with
ultraviolet of different strengths, and a half-tone photomask
is added between the plate and the light source. As shown in
FIG. 4, the chip with a large number of pixels per inch
corresponds to a region of the photomask with a high light
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transmittance, and the chip with a small number of pixels per
inch corresponds to a region of the photomask with a low
light transmittance. Through regulating the light transmit-
tance of the two kinds of chips, the liquid crystal in the two
kinds of chips can have a similar pre-tilt angle, and the
problems of poor liquid crystal diffusion and broken bright
spots can be avoided, as shown in FIG. 5.

[0036] According to the present disclosure, different pixel
regions of one pixel unit are provided with optical alignment
of different strengths, so that the whole pixel unit can have
a same optical alignment, and a display quality of the gate
unit pixel can be improved.

[0037] According to the present disclosure, the light trans-
mittance during view area curing procedure is regulated, so
that the liquid crystal in the two kinds of chips can have a
similar pre-tilt angle, as shown in FIG. 6. In this manner, the
problems of poor liquid crystal diffusion and broken bright
spots can be avoided.

[0038] According to the present disclosure, during view
area curing procedure, a half-tone photomask is added
between the plate and the light source. The chip with a large
number of pixels per inch corresponds to a region of the
photomask with a high light transmittance, and the chip with
a small number of pixels per inch corresponds to a region of
the photomask with a low light transmittance. In this man-
ner, the relative light transmittance can be regulated, as
shown in FIG. 5.

[0039] Compared with the view area curing procedure of
a traditional mother substrate, according to the present
disclosure, the relative light transmittance of the ultraviolet
can be regulated during optical alignment procedure, so that
the liquid crystal in the two kinds of chips can have a similar
pre-tilt angle, and the problems of poor liquid crystal dif-
fusion and broken bright spots can be avoided, as shown in
FIG. 6.

[0040] The above technical features can be combined in
any suitable manner, or substituted by the equivalent tech-
nical features, as long as the purpose of the present disclo-
sure can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The present disclosure will be illustrated in detail
hereinafter with reference to the embodiments and the
accompanying drawings. In the drawings:

[0042] FIG. 1 schematically shows a mother substrate;
[0043] FIG. 2 schematically shows a pre-tilt state of liquid
crystal of a panel with a large number of pixels per inch;
[0044] FIG. 3 schematically shows a pre-tilt state of liquid
crystal of a panel with a small number of pixels per inch;
[0045] FIG. 4 schematically shows an optical alignment
device of the mother substrate according to the present
disclosure;

[0046] FIG. 5 schematically shows a step of adding a
photomask to the mother substrate according to the present
disclosure;

[0047] FIG. 6 schematically shows a pre-tilt state of a
liquid crystal in a panel according to the present disclosure;
[0048] FIG. 7 schematically shows a pre-tilt state of liquid
crystal of a panel with a large number of pixels per inch
according to the present disclosure;

[0049] FIG. 8 schematically shows a pre-tilt state of liquid
crystal of a panel with a small number of pixels per inch
according to the present disclosure; and

Jun. 28,2018

[0050] FIG. 9 is a sectional view of part of a liquid crystal
display panel.
[0051] In the drawings, the same components are repre-

sented by the same reference signs, and the size of each
component does not represent the actual size of the corre-
sponding component.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0052] The present disclosure will be illustrated further
with reference to the drawings.

Embodiment 1

[0053] The present embodiment will be illustrated below
with reference to FIGS. 4 to 7. The present embodiment
provides an apparatus for improving optical alignment of
panels manufactured on a same mother substrate, which
comprises a mother substrate 1, N columns of chips in a first
group 2, N columns of chips in a second group 3, and a
photomask 4,

[0054] wherein the N columns of chips in the first group
2 and the N columns of chips in the second group 3 are
arranged in an alternate manner and are arranged on the
mother substrate 1;

[0055] wherein an area of the chips in the second group 3
is larger than an area of the chips in the first group 2;
[0056] wherein the photomask 4 covers the N columns of
chips in the first group 2 and the N columns of chips in the
second group 3 so that ultraviolet irradiates the N columns
of chips in the first group 2 and the N columns of chips in
the second group 3 after passing through the photomask 4;
and

[0057] wherein N is a positive integer.
Embodiment 2
[0058] The present embodiment differs from embodiment

1 in that, the N columns of chips in the first group (2) and
the N columns of chips in the second group (3) with two
different areas have different numbers of pixels per inch in
an active area thereof.

[0059] The number of pixels per inch has an influence on
a pre-tilt angle of the liquid crystal.

[0060] Other steps and parameters are the same as those in
embodiment 1.

Embodiment 3

[0061] The present embodiment differs from embodiment
1 or 2 in that, a pixel comprises:

[0062] a first alignment film that is formed on a first
substrate and a second alignment film that is formed on a
second substrate and faces the first alignment film; and
[0063] a plurality of adjacent domains, wherein the adja-
cent domains each comprise a region with normal brightness
and a boundary region, and each boundary region defines a
region between two adjacent domains.

[0064] FIG. 9 is a sectional view of part of a liquid crystal
display panel. FIG. 9 shows a combination of a liquid crystal
layer and a substrate, and the substrate comprises a polarizer
and an alignment film. As shown in FIG. 9, the liquid crystal
display panel 5 comprises a first substrate 6, a second
substrate 10, and a liquid crystal layer 14 that is arranged
between the first substrate 6 and the second substrate 10.
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[0065] As shown in FIG. 9, a first polarizer 8 is manufac-
tured as a thin film and is affixed on an outer surface of a first
baseplate 7 facing a backlight module. Selectively, the first
polarizer 8 can be affixed on an inner surface of the first
baseplate 7 facing the liquid crystal layer 14.

[0066] Other steps and parameters are the same as those in
embodiment 1 or 2.

Embodiment 4

[0067] The present embodiment differs from one of
embodiments 1 to 3 in that, a pre-tilt angle of liquid crystal
molecules in the region with normal brightness is the same
as a pre-tilt angle of liquid crystal molecules in the boundary
region.

[0068] An alignment vector of the region with normal
brightness is less than that of the boundary region.

[0069] The alignment vector of the region with normal
brightness is a sum of an alignment vector of the first
alignment film of the region with normal brightness and an
alignment vector of the second alignment film thereof. The
alignment vector of the boundary region is a sum of an
alignment vector of the first alignment film of the boundary
region and an alignment vector of the second alignment film
thereof.

[0070] Other steps and parameters are the same as those in
one of embodiments 1 to 3.

Embodiment 5

[0071] The present embodiment differs from one of
embodiments 1 to 4 in that, the photomask 4 is a half-tone
photomask.

[0072] Other steps and parameters are the same as those in
one of embodiments 1 to 4.

Embodiment 6

[0073] The present embodiment differs from one of
embodiments 1 to 5 in that, the half-tone photomask com-
prises a pixel region and a peripheral wiring region, and the
pixel region comprises a semi-transparent region.

[0074] Other steps and parameters are the same as those in
one of embodiments 1 to 5.

Embodiment 7

[0075] The present embodiment differs from one of
embodiments 1 to 6 in that, a light transmittance of the
semi-transparent region of the half-tone photomask
decreases from a central part of the pixel region to an edge
part thereof.

[0076] According to the technical solution of the present
disclosure, the case that the photoresist in a channel of a
pixel region near a peripheral wiring region of a TFT-LCD
array substrate is relatively thin can be avoided, and the
source-drain channel semiconductor lacking phenomenon
after etching procedure can be avoided. Therefore, the poor
pixel lighting phenomenon of the TFT-LCD can be allevi-
ated.

[0077] Other steps and parameters are the same as those in
one of embodiments 1 to 6.

Embodiment 8

[0078] The present embodiment differs from one of
embodiments 1 to 7 in that, the semi-transparent region of
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the half-tone photomask comprises a first semi-transparent
region and a second semi-transparent region, and a light
transmittance of the second semi-transparent region is lower
than a light transmittance of the first semi-transparent
region.

[0079] Other steps and parameters are the same as those in
one of embodiments 1 to 7.

Embodiment 9

[0080] The present embodiment differs from one of
embodiments 1 to 8 in that, a number of pixels per inch in
an active area of the chips in the second group corresponds
to the first semi-transparent region of the half-tone photo-
mask 4, and a number of pixels per inch in an active area of
the chips in the first group corresponds to the second
semi-transparent region of the half-tone photomask 4.
[0081] Through regulating the light transmittance of the
two kinds of chips, the liquid crystal in the two kinds of
chips can have a similar pre-tilt angle, and the problems of
poor liquid crystal diffusion and broken bright spots can be
avoided, as shown in FIG. 6.

[0082] Other steps and parameters are the same as those in
one of embodiments 1 to 8.

Embodiment 10

[0083] The present embodiment differs from one of
embodiments 1 to 9 in that, a wavelength of the ultraviolet
ranges from 190 nm to 400 nm.

[0084] The ultraviolet comprises ray A, ray B, and ray C,
which have a wavelength from 315 nm to 400 nm, from 280
nm to 315 nm, and from 190 nm to 280 nm respectively.
[0085] Other steps and parameters are the same as those in
one of embodiments 1 to 9.

TABLE 1

AR comparative table

Mother
substrate
Whole
plate
Number of  Large Small Large Small
pixels per
inch
Analog
figures

Original mother substrate New design

FIG. 1 FIG. 4

FIG. 2 FIG. 3 FIG. 7 FIG. 8

AR is short for Augmented Reality.

[0086] Although the present disclosure is described here-
inabove with reference to specific embodiments, it can be
understood that, these embodiments are merely examples of
the principles and applications of the present disclosure.
Hence, it can be understood that, numerous modifications
can be made to the embodiments, and other arrangements
can be made, as long as they do not go beyond the spirit and
scope of the present disclosure as defined by the appended
claims. It can be understood that, different dependent claims
and features described herein can be combined in a manner
different from those described in the initial claims. It can
also be understood that, the technical features described in
one embodiment can also be used in other embodiments.

1. An apparatus for improving optical alignment of panels
manufactured on a same mother substrate, comprising a
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mother substrate (1), N columns of chips in a first group (2),
N columns of chips in a second group (3), and a photomask
@),
wherein the N columns of chips in the first group (2) and
the N columns of chips in the second group (3) are
arranged in an alternate manner and are arranged on the
mother substrate (1);

wherein an area of the chips in the second group (3) is
larger than an area of the chips in the first group (2);

wherein the photomask (4) covers the N columns of chips
in the first group (2) and the N columns of chips in the
second group (3) so that ultraviolet irradiates the N
columns of chips in the first group (2) and the N
columns of chips in the second group (3) after passing
through the photomask (4); and

wherein N is a positive integer.

2. The apparatus according to claim 1, wherein the N
columns of chips in the first group (2) and the N columns of
chips in the second group (3) with two different areas have
different numbers of pixels per inch in an active area thereof

3. The apparatus according to claim 2, wherein a pixel
comptrises:

a first alignment film that is formed on a first substrate and

a second alignment film that is formed on a second
substrate and faces the first alignment film; and

a plurality of adjacent domains, wherein the adjacent

domains each comprise a region with normal brightness
and a boundary region, and each boundary region
defines a region between two adjacent domains.

4. The apparatus according to claim 3, wherein a pre-tilt
angle of liquid crystal molecules in the region with normal
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brightness is the same as a pre-tilt angle of liquid crystal
molecules in the boundary region.

5. The apparatus according to claim 4, wherein the
photomask (4) is a half-tone photomask.

6. The apparatus according to claim 5, wherein the
half-tone photomask comprises a pixel region and a periph-
eral wiring region, and the pixel region comprises a semi-
transparent region.

7. The apparatus according to claim 6, wherein a light
transmittance of the semi-transparent region of the half-tone
photomask decreases from a central part of the pixel region
to an edge part thereof

8. The apparatus according to claim 7, wherein the
semi-transparent region of the half-tone photomask com-
prises a first semi-transparent region and a second semi-
transparent region, and a light transmittance of the second
semi-transparent region is lower than a light transmittance of
the first semi-transparent region.

9. The apparatus according to claim 8,

wherein a number of pixels per inch in an active area of

the chips in the second group (3) corresponds to the first
semi-transparent region of the half-tone photomask;
and

wherein a number of pixels per inch in an active area of

the chips in the first group (2) corresponds to the second
semi-transparent region of the half-tone photomask.

10. The apparatus according to claim 9, wherein a wave-
length of the ultraviolet ranges from 190 nm to 400 nm.
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