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COLOR FILTER SUBSTRATE AND CURVED DISPLAY DEVICE

The present application claims benefit of Chinese patent application CN

2014102911574, entitled “COLOR FILTER SUBSTRATE AND CURVED DISPLAY
DEVICE ™ and filed on June 25, 2014, which 1s incorporated herein by reference.

Technical Field

The present disclosure relates to the technical field of display, and in particular to a

color filter substrate and a curved display device.

Technical Background

In a curved display device, because pixels on the screen thereof each can have the same
distance from the human eyes, a true visual perception can be perfectly revivified. Thus, the
curved display device 1s more competitive as compared with a traditional flat panel display

device.

The process of manufacturing a curved display device comprises the following steps:
separately manufacturing an array substrate and a color filter substrate first; then assembling
the array substrate and the color filter substrate together to form a planar liquid crystal panel;
and further bending the planar liquid crystal panel into an inwardly curved liquid crystal
panel. A number of gate lines and data lines that are arranged 1n a staggered manner with
respect to each other, as well as sub pixel regions formed by the gate lines and data lines are
arranged on the array substrate. A latticed black matrix and sub pixel regions formed by the
black matrix are arranged on the color filter substrate. On the planar liquid crystal panel
formed by assembling the array substrate and the color filter substrate, the position of the
black matrix on the color filter substrate corresponds to the position of the gate lines and data
lines on the array substrate, so that the black matrix can block the gate lines and data lines.
The position of the sub pixel area on the color filter substrate corresponds to that on the array

substrate, so as to form an aperture region of the curved display device.
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However, two curved surfaces having the same shape will be formed respectively on the
array substrate and the color filter substrate after the planar liquid crystal panel 1s bent into a
curved one. In this case, both sides of the color filter substrate would displace toward both
sides relative to the array substrate. In particular, the black matrix on both sides of the color
filter substrate would mismatch with the longitudinal data lines on the array substrate. Some
of these data lines would be exposed outside the black matrix, and thus block the sub pixel
areas on the color filter substrate, causing a reduced aperture ratio of the curved display

device.

Summary of the Invention

The objective of the present disclosure 1s to provide a color filter substrate and a curved
display device for solving the technical problem of low aperture ratio of the existing curved

display device.

The present disclosure provides a curved display device comprising an array substrate
and a color filter substrate, wherein the color filter substrate comprises a plurality of sub pixel
regions arranged as an array, and black matrixes for separating the sub pixel regions from
each other, wherein measured along a transverse direction, the transverse width of each of all
or some of the black matrixes located in the regions at both sides of the color filter substrate
1s smaller than that of each of the black matrixes located 1n the region at the center of the
color filter substrate; and wherein the transverse width of each of the sub pixel regions 1s the

SAIMNC.

The present disclosure has the following beneficial eftfects. On the color filter substrate
according to the present disclosure, the transverse width of each of all or some of the black
matrixes 1n the regions at both sides 1s smaller than that of each of the black matrixes in the
region at the center, so that the distance between the sub pixel regions in the regions at both
sides of the color filter substrate 1s relatively small, and the sub pixel regions and black
matrixes herein displace toward the center of the color filter substrate. After the color filter
substrate and the array substrate are assembled together and curved into a curved liquid
crystal panel, the displacement of the sub pixel regions and black matrixes toward the center

can neutralize the offset of the array substrate toward both sides relative to the color filter
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substrate, so that the black matrixes on the color filter substrate can be accurately aligned
with the data lines on the array substrate and the sub pixel regions on the color filter substrate
can be accurately aligned with those on the array substrate, thereby the technical problem of

low aperture ratio of the curved display device can be solved.

Other features and advantages of the present disclosure will be further explained 1n the
following description, and are partially become more readily evident therefrom, or be
understood through implementing the present disclosure. The objectives and advantages of
the present disclosure will be achieved through the structure specifically pointed out 1n the

description, claims, and the accompanying drawings.

Brief Description of the Accompanying Drawings

In order to illustrate the technical solutions of the examples of the present disclosure
more clearly, the accompanying drawings needed for describing the examples will be

explained briefly. In the drawings:

Fig. 1 schematically shows a color filter substrate according to example 1 of the present

disclosure, and

Fig. 2 schematically shows a color filter substrate according to example 2 of the present

disclosure.

Detailed Description of the Embodiments

The present disclosure will be explained in detail with reference to the embodiments and
the accompanying drawings, whereby 1t can be fully understood about 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 1s important to note that as long as there 1s no structural conflict,
various embodiments as well as the respective technical features mentioned herein may be

combined with one another 1n any manner, and the technical solutions obtained all fall within

the scope of the present disclosure.
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The color filter substrate provided by the present disclosure comprises a plurality of sub
pixel regions arranged as an array, and black matrixes for separating the sub pixel regions
from each other. Measured along a transverse direction, the transverse width of each of all or
some of the black matrixes located in regions at both sides of the color filter substrate 1s
smaller than that of each of the black matrixes located 1in a region at the center of the color

filter substrate.

On the color filter substrate according to the present disclosure, the transverse width of
each of all or some of the black matrixes 1n the regions at both sides 1s smaller than that of
each of the black matrixes 1n the region at the center, so that the distance between the sub
pixel regions 1n the regions at both sides of the color filter substrate 1s relatively small, and
the sub pixel regions and black matrixes herein displace toward the center of the color filter
substrate. After the color filter substrate and the array substrate are assembled together and
curved 1nto a curved liquid crystal panel, the displacement of the sub pixel regions and black
matrixes toward the center can neutralize the offset of the array substrate toward both sides
relative to the color filter substrate, so that the black matrixes on the color filter substrate can
be accurately aligned with the data lines on the array substrate and the sub pixel regions on
the color filter substrate can be accurately aligned with those on the array substrate, thereby

the technical problem of low aperture ratio of the curved display device can be solved.

Example 1

The present example takes a color filter substrate 1n a 55-inch full high definition
(hereinafter referred to as FHD) curved liquid crystal television as an example. The
resolution of the FHD television 1s 1920x1080, 1.e., the television comprises altogether 1080
lines and 1920 columns of pixel regions. Each pixel region comprises three sub pixel regions
arranged 1n parallel. Thus, there are altogether 5760 columns of sub pixel regions arranged on

the color tilter substrate.

The transverse width of each of all or some of the black matrixes located in the regions
at both sides of the color filter substrate 1s smaller than that of each of the black matrixes
located 1n the region at the center of the color filter substrate. The ratio of the area of the
regions at both sides of the color filter substrate to the area of the entire color filter substrate

1s 1n a range from 50% to 70%. In the prior art, due to the mismatch between the black
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matrixes and the data lines, the aperture ratio in the regions at both sides, which accounts for
50% to 70% of the area of the entire curved display device, would decrease, while that 1in the
region at the center, which accounts for 30% to 50% of the entire display device, would not
be influenced. Therefore, 1n the example of the present disclosure, only the transverse widths
of the black matrixes located 1n the regions at both sides of the color filter substrate, which
account for 50% to 70% of the area of the entire color filter substrate, are configured to be
reduced, thereby the sub pixel regions and black matrixes therein displace toward the center

of the color filter substrate.

Specifically, the transverse widths of all the black matrixes 1n the regions at both sides
of the color filter substrate can be reduced, or those of some of said black matrixes can be
reduced, as long as the total amount of reduction of the sub pixel regions and the black
matrixes equals to the amount of offset of the color filter substrate toward both sides relative
to the array substrate when being bended. Of course, in practical operation, certain error 1s

allowed between the amount of reduction and that of offset.

When the color filter substrate 1s bended, the amount of offset of the color filter
substrate toward both sides relative to the array substrate 1s usually 1n a range from 10 to 30
micrometers. In this example, 1n the regions at both sides of the color filter substrate, there
are 10 to 30 black matrixes each having a smaller transverse width than each of the black
matrixes 1n the region at the center of the color filter substrate. That 1s, only the transverse
widths of 10 to 30 black matrixes each are reduced for 1 micrometer, so that the total amount

of reduction equals to the amount of offset.

Preferably, the transverse width of each of the sub pixel regions on the color filter
substrate 1s the same, so that the black matrixes on the color filter substrate can be accurately
aligned with the data lines on the array substrate. And after the sub pixel regions on the color
filter substrate are accurately aligned with those on the array substrate, each sub pixel region
can have the same aperture ratio, thereby the aperture ratio throughout the curved display

device can be uniform.

As shown 1n Fig. 1, the present example provides a color filter substrate for a 55-inch
full high definition liquid crystal television, on which 5760 columns of sub pixel regions 1

are arranged. Fig. 1 only schematically shows the right half of the color filter substrate. In the
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region at the center of the color filter substrate, the transverse width of each of the black
matrixes 2 1s 33 micrometers; and in the regions at both sides thereof, the transverse width of
each of 10 black matrixes 2 1s 32 micrometers. That 1s, the region at the right side of the color
filter substrate and the region at the left side thereof each comprise 5 black matrixes 2 each
having a transverse width of 32 micrometers, and the other black matrixes 2 in the regions at
both sides each have a transverse width of 33 micrometers. In this example, the areas of the
regions at both sides together account for 50% of that of the entire color filter substrate,
wherein the region at the right side of the color filter substrate and that at the left side thereof
each account for 25% of the entire color filter substrate. That 1s, the region at the left side of
the color filter substrate and that at the right side thereof each comprise 1440 columns of sub

pixel regions 1 and 1440 black matrixes 2.

In a preferred solution, 5 black matrixes 2 each having a transverse width of 32
micrometers are uniformly distributed in the 1440 black matrixes in each of the region at the
right side of the color filter substrate and that at the left side thereof. Specifically, as shown 1n
Fig. 1, the transverse width of the black matrix 2 between the sub pixel region of the 4320t
column and the sub pixel region of the 4321% column is 32 micrometers, and that of each of
the two black matrixes 2 adjacent thereto 1s 33 micrometers. To the night side of the
abovementioned black matrix 2, the transverse width of the black matrix 2 between the sub
pixel region of the 4608" column and the sub pixel region of the 4609" column is 32
micrometers, and that of each of the two black matrixes 2 adjacent thereto 1s 33 micrometers.
In a similar fashion, every one black matrix 2 in each 288 black matrixes 2 has a transverse
width of 32 micrometers, and other black matrixes 2 herein each have a transverse width of

33 micrometers.

On the color filter substrate according to the present example, the sub pixel regions 1
and black matrixes 2 at both sides displace toward the center for 10 micrometers. After the
color filter substrate and the array substrate are assembled together and curved 1nto a curved
liquid crystal panel, the displacement of the sub pixel regions 1 and black matrixes 2 toward
the center can neutralize the offset of the color filter substrate toward both sides relative to
the array substrate, so that the black matrixes 2 on the color filter substrate can be accurately
aligned with the data lines on the array substrate, and the sub pixel regions 1 on the color
filter substrate can be accurately aligned with those on the array substrate, thereby the

technical problem of low aperture ratio of the curved display device can be solved.
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Furthermore, the longitudinal width of each of the black matrixes on the color filter
substrate 1s 90 micrometers. The transverse width of each of the sub pixel regions 1s 178
micrometers, and the longitudinal height of each of the sub pixel regions 1s 540 micrometers.
The total width of the color substrate 1s about 1220 millimeter, and the total height thereof 1s

about 680 millimeter.

In other embodiments, the reduced amount of the transverse width of each black matrix
can be increased or decreased. For example, the transverse width of a black matrix after
reduction can be 32.5 micrometers, and the transverse width of each of the other black
matrixes 1S 33 micrometers. In the meantime, the number of reduced black matrixes should

be decreased or increased accordingly.

Example 2

This example 1s substantially the same as example 1. The difference of this example
therefrom 1s that a color filter substrate in a 55-1nch ultra high definition (hereinafter referred
to as UHD) curved liquid crystal television 1s provided. The resolution of the UHD television
1s 3840%2160, 1.e., the television comprises altogether 2160 lines and 3840 columns of pixel
regions. Each pixel region comprises three sub pixel regions arranged in parallel. Thus,

11520 columns of sub pixel regions are arranged on the color filter substrate.

As shown 1n Fig. 2, in the present example, 5 black matrixes each having a transverse
width of 32 micrometers are uniformly distributed 1n the 2880 black matrixes 2 1n each of the
region at the left side of the color filter substrate and that at the right side thereof, and the
other black matrixes 2 (including black matrixes 1n the region at the center and those in the
regions at both sides of the color filter substrate) each having a transverse width of 33
micrometers. Fig. 2 only shows the right halt of the color filter substrate. The transverse
width of the black matrix 2 between the sub pixel region of the 8640" column and that of the
8641% column is 32 micrometers, and the two black matrixes adjacent thereto each have a
transverse width of 33 micrometers. To the right side of the abovementioned black matrix 2,
the transverse width of the black matrix 2 between the sub pixel region of the 9216 column
and that of the 9217" column is 32 micrometers, and the two black matrixes 2 adjacent

thereto each have a transverse width of 33 micrometers. In a similar fashion, every one black
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matrix 2 1n each 576 black matrixes 2 has a transverse width of 32 micrometers, and the other

black matrixes 2 each have a transverse width of 33 micrometers.

On the color filter substrate according to the present example, the sub pixel regions 1
and black matrixes 2 at both sides displace toward the center of the color filter substrate for
10 micrometers. After the color filter substrate and the array substrate are assembled together
and curved 1nto a curved liquid crystal panel, the displacement of the sub pixel regions 1 and
black matrixes 2 toward the center can neutralize the offset of the color filter substrate toward
both sides relative to the array substrate, so that the black matrixes 2 on the color filter
substrate can be accurately aligned with the data lines on the array substrate and the sub pixel
regions 1 on the color filter substrate can be accurately aligned with those on the array
substrate, thereby the technical problem of low aperture ratio of the curved display device

can be solved.

In addition, the longitudinal width of each of the black matrixes on the color filter

substrate 1s 90 micrometers. The transverse width of each of the sub pixel regions 1s 72

micrometers, and the longitudinal height of each of the sub pixel regions 1s 225 micrometers.

The total width of the color substrate 1s about 1220 millimeter, and the total height thereof 1s

about 680 millimeter.

Example 3

The example of the present disclosure provides a curved display device, which can be a
55-inch full high definition curved liquid crystal television. The curved display device
comprises an array substrate, and the color filter substrate according to example 1 of the

present disclosure.

Alternatively, the curved display device can also be a 55-inch ultra high definition
curved liquid crystal television, comprising an array substrate and the color filter substrate

according to example 2 of the present disclosure.

Of course, the curved display device can also be a curved liquid crystal television of

other size and model, or other types of curved display device.
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The curved display device according to the present example has the same technical
features as the color filter substrate of example 1 or that of example 2, and thus can solve the

same technical problem and achieve the same technical effects.

The above embodiments are described only for better understanding, rather than
restricting, the present disclosure. Any person skilled in the art can make amendments to the
implementing forms or details without departing from the spirit and scope of the present
disclosure. The scope of the present disclosure should still be subjected to the scope defined

in the claims.
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Claims

1. A curved display device, comprising an array substrate and a color filter substrate,
wherein

the color filter substrate comprises a plurality of sub pixel regions arranged as an array,
and black matrixes for separating the sub pixel regions from each other, wherein measured
along a transverse direction, the transverse width of each of all or some of the black matrixes
located 1n the regions at both sides of the color filter substrate 1s smaller than that of each of
the black matrixes located in the region at the center of the color filter substrate; and

wherein the transverse width of each of the sub pixel regions 1s the same.

2. The curved display device according to claim 1, wherein the ratio of the total area of
the regions at both sides of the color filter substrate to the area of the entire color filter

substrate 1s 1n a range from 50% to 70%.

3. The curved display device according to claim 1, wherein the number of said some of

the black matrixes 1s 1n a range from 10 to 30.

4. The curved display device according to claim 1, wherein 1n the region at the center of
the color filter substrate, the transverse width of each of the black matrixes 1s 33 micrometers,
and

1n the regions at both sides of the color filter substrate, the transverse width of each of
some black matrixes 1s 32 micrometers, and that of each of the other black matrixes 1s 33

micrometers.

5. The curved display device according to claim 4, wherein 5760 columns of sub pixel
regions are arranged on the color filter substrate, the transverse width of each sub pixel

region being 178 micrometers.
6. The curved display device according to claim 4, wherein 11520 columns of sub pixel

regions are arranged on the color filter substrate, the transverse width of each sub pixel

regions being 72 micrometers.
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