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LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF INVENTION

[0001] The present disclosure relates to the field of display
technology, and more particularly to a liquid crystal display
device.

BACKGROUND

[0002] Liquid crystal displays (LCDs) are light weight and
have a thin volume among various types of flat panel
displays, therefore LCDs have gradually become a main-
stream flat panel display. Nevertheless, compared to cathode
ray tube (CRT) displays, LCDs have narrower viewing
angles, making [.CDs limited in application of fields requir-
ing wide viewing angles, such as aviation and medical fields.
[0003] For this reason, multi-domain vertical alignment
(MVA) technique and in plane switching (TPS) technique are
employed to realize wide viewing angles. As shown in FIG.
1, for an LCD where MVA technique is employed, each
pixel 1 includes a connection end 2 used for connecting to
a drain electrode of thin-film transistor (TFT). Each pixel 1
further includes a striped vertical bar 3, a striped horizontal
bar 4, and a plurality of striped branches 5 angled with
respect to the horizontal bar 4. The vertical bar 3 and the
horizontal bar 4 intersect with each other at midpoints
thereof, such that the vertical bar 3 is perpendicular to the
horizontal bar 4, and the pixel is divided into four regions.
Each region includes plural striped branches § angled with
respect to the horizontal bar 4. In the LCD as shown in FIG.
1, however, there will be swirling liquid crystal vortex areas
generated at edges of the vertical bar 3 and the horizontal bar
4, resulting in poor display quality of LCD.

SUMMARY OF DISCLOSURE

[0004] The present disclosure is aimed to provide a liquid
crystal display device, where viewing angle is widened.
[0005] In one aspect, the present disclosure provides a
liquid crystal display device comprising a plurality of pixels
arranged in an array, each of the pixels comprising:

[0006] a first pixel region, wherein the first pixel region
includes a first pixel electrode, the first pixel electrode
includes a plurality of first branch electrodes and a first
connection portion connected to one end of each of the first
branch electrodes, and the other end of each of the first
branch electrodes extends outwardly in a first predetermined
angle along a first predetermined direction; and

[0007] a second pixel region, wherein the second pixel
region is aligned vertically with the first pixel region, the
second pixel region includes a second pixel electrode, the
second pixel electrode includes a plurality of second branch
electrodes and a second connection portion connected to one
end of each of the second branch electrodes, and the other
end of each of the second branch electrodes extends out-
wardly in a second predetermined angle along a second
predetermined direction;

[0008] wherein any two adjacent pixels in the same row
have structures being mirror-symmetric with respect to each
other; and for any two adjacent rows of pixels, a structure of
the m” pixel in the (N+1)” row and a structure of the
(m+1)" pixel in the N* row are the same, where N and M
are natural numbers;

[0009] wherein the first connection portion is L-shaped,
and the second connection portion is L-shaped; and
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[0010] wherein the first pixel region is disposed above the
second pixel region, or the first pixel region is disposed
below the second pixel region.

[0011] In some embodiments, the first connection portion
is disposed at an upper right corner of the first pixel region,
and the second connection portion is disposed at a lower left
corner of the second pixel region.

[0012] In some embodiments, the first connection portion
1s disposed at an upper right corner of the first pixel region,
and the second connection portion is disposed at a lower
right corner of the second pixel region.

[0013] In some embodiments, the first connection portion
is disposed at a lower right corner of the first pixel region,
and the second connection portion is disposed at an upper
left corner of the second pixel region.

[0014] In some embodiments, the first connection portion
is disposed at a lower right corner of the first pixel region,
and the second connection portion is disposed at an upper
right corner of the second pixel region.

[0015] In some embodiments, the first pixel electrode
further includes a first connection end, and the second pixel
electrode further includes a second connection end; the first
pixel region further includes a first thin-film transistor, and
the second pixel region further includes a second thin-film
transistor; and the first pixel electrode is connected to a drain
electrode of the first thin-film transistor via the first connec-
tion end, and the second pixel electrode is connected to a
drain electrode of the second thin-film transistor via the
second connection end.

[0016] In some embodiments, the first connection end is
connected to the first connection portion, or the first con-
nection end is connected to the first branch electrodes; and
the second connection end is connected to the second
connection portion, or the second connection end is con-
nected to the second branch electrodes.

[0017] In some embodiments, an area ratio of the first
pixel region to the second pixel region is ranged from 0.2 to
5.

[0018] In another aspect, the present disclosure provides a
liquid crystal display device comprising a plurality of pixels
arranged in an array, each of the pixels comprising:

[0019] a first pixel region, wherein the first pixel region
includes a first pixel electrode, the first pixel electrode
includes a plurality of first branch electrodes and a first
connection portion connected to one end of each of the first
branch electrodes, and the other end of each of the first
branch electrodes extends outwardly in a first predetermined
angle along a first predetermined direction; and

[0020] a second pixel region, wherein the second pixel
region is aligned vertically with the first pixel region, the
second pixel region includes a second pixel electrode, the
second pixel electrode includes a plurality of second branch
electrodes and a second connection portion connected to one
end of each of the second branch electrodes, and the other
end of each of the second branch electrodes extends out-
wardly in a second predetermined angle along a second
predetermined direction;

[0021] wherein any two adjacent pixels in the same row
have structures being mirror-symmetric with respect to each
other; and for any two adjacent rows of pixels, a structure of
the m™ pixel in the (N+1)” row and a structure of the
(m+1)” pixel in the N* row are the same, where N and M
are natural numbers.
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[0022] In some embodiments, the first connection portion
is L-shaped, and the second connection portion is L-shaped.
[0023] In some embodiments, the first connection portion
is disposed at an upper right corner of the first pixel region,
and the second connection portion is disposed at a lower left
corner of the second pixel region.

[0024] In some embodiments, the first connection portion
is disposed at an upper right corner of the first pixel region,
and the second connection portion is disposed at a lower
right corner of the second pixel region.

[0025] In some embodiments, the first connection portion
1s disposed at a lower right corner of the first pixel region,
and the second connection portion is disposed at an upper
left corner of the second pixel region.

[0026] In some embodiments, the first connection portion
is disposed at a lower right corner of the first pixel region,
and the second connection portion is disposed at an upper
right corner of the second pixel region.

[0027] In some embodiments, the first pixel electrode
further includes a first connection end, and the second pixel
electrode further includes a second connection end; the first
pixel region further includes a first thin-film transistor, and
the second pixel region further includes a second thin-film
transistor; and the first pixel electrode is connected to a drain
electrode of the first thin-film transistor via the first connec-
tion end, and the second pixel electrode is connected to a
drain electrode of the second thin-film transistor via the
second connection end.

[0028] In some embodiments, the first connection end is
connected to the first connection portion, or the first con-
nection end is connected to the first branch electrodes; and
the second connection end is connected to the second
connection portion, or the second connection end is con-
nected to the second branch electrodes.

[0029] In some embodiments, an area ratio of the first
pixel region to the second pixel region is ranged from 0.2 to
5.

[0030] In some embodiments, the first pixel region is
disposed above the second pixel region, or the first pixel
region is disposed below the second pixel region.

[0031] Compared to the conventional liquid crystal dis-
play device, the liquid crystal display device of the present
disclosure is characterized by dividing each pixel to include
a first pixel region and a second pixel region, in which
viewing angle of display device is widened by coordination
of the two pixel regions. Since any two adjacent pixels in the
same row have structures being mirror-symmetric with
respect to each other, and for any two adjacent rows of
pixels, a structure of the m” pixel in the (N+1)” row and a
structure of the (m+1)” pixel in the N” row are the same,
where N and M are natural numbers, viewing angle of
display device is widened.

[0032] To explain in detail the above summarized descrip-
tion of the subject invention, preferred embodiments are
provided in conjunction with the drawings below.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 is a schematic diagram showing a structure
of a pixel according to the prior art.

[0034] FIG. 2 is a schematic diagram showing a first
structure of a pixel according to one embodiment of the
present disclosure.
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[0035] FIG. 3 is a schematic diagram showing a first
structure of a liquid crystal display device according to one
embodiment of the present disclosure.

[0036] FIG. 4 is a schematic diagram showing a second
structure of a pixel according to one embodiment of the
present disclosure.

[0037] FIG. 5 is a schematic diagram showing a second
structure of a liquid crystal display device according to one
embodiment of the present disclosure.

[0038] FIG. 6 is a schematic diagram showing a third
structure of a pixel according to one embodiment of the
present disclosure.

[0039] FIG. 7 is a schematic diagram showing a third
structure of a liquid crystal display device according to one
embodiment of the present disclosure.

[0040] FIG. 8 is a schematic diagram showing a fourth
structure of a pixel according to one embodiment of the
present disclosure.

[0041] FIG. 9 is a schematic diagram showing a fourth
structure of a liquid crystal display device according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0042] The following embodiments refer to the accompa-
nying drawings for exemplifying specific implementable
embodiments of the present disclosure. Moreover, direc-
tional terms described by the present disclosure, such as
upper. lower, front, back, left, right, inner, outer, side, etc.,
are only directions by referring to the accompanying draw-
ings, and thus the used directional terms are used to describe
and understand the present disclosure, but the present dis-
closure is not limited thereto.

[0043] In the drawings, the same reference symbol repre-
sents the same or similar components.

[0044] Reference in the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in conjunction with the
embodiment can be included in at least one embodiment of
the invention. The appearances of the phrase “in one
embodiment” in various places in the specification do not
necessarily all refer to the same embodiment, nor an inde-
pendent or unique embodiment that is incompatible with
other embodiments. It should be appreciated by any person
having ordinary skill in the art that any embodiment referred
in the specification can combine with other embodiment in
the specification.

[0045] The present disclosure provides a liquid crystal
display device. Please refer to FIG. 3, which is a schematic
diagram showing a structure of a liquid crystal display
device according to one embodiment of the present disclo-
sure. The liquid crystal display device 1000 includes a
plurality of pixels 10 arranged in an array. The pixels 10 can
be red pixels, blue pixels, or green pixels that are arranged
sequentially and repeatedly.

[0046] Each of the pixels 10 includes a first pixel region 11
and a second pixel region 12, wherein the second pixel
region is aligned vertically with the first pixel region. The
first pixel region 11 could function as a primary pixel region,
and the second pixel region 12 could function as a secondary
pixel region which assists the first pixel region 11 in improv-
ing viewing angles and color shift of LCD device. An area
ratio of the first pixel region 11 to the second pixel region 12
is ranged from 0.2 to 5.
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[0047] Insome embodiments, as shown in FIG. 2, the first
pixel region 11 is disposed above the second pixel region 12.
In other embodiments, the first pixel region 11 is disposed
below the second pixel region 12.

[0048] The first pixel region 11 includes a first pixel
electrode 111 and a first thin-film transistor (TFT). Specifi-
cally, the first pixel electrode 111 includes a plurality of first
branch electrodes 1111 and a first connection portion 1112.
Likewise, the second pixel region 12 includes a second pixel
electrode 121 and a second thin-film transistor (TFT). Spe-
cifically, the second pixel electrode 121 includes a plurality
of second branch electrodes 1211 and a second connection
portion 1212.

[0049] Each of the first branch electrodes 1111 includes
two ends, where one end is connected to the first connection
portion 1112, and the other end extends outwardly in a first
predetermined angle along a first predetermined direction.
As shown in FIG. 2, the upper right end of each of the first
branch electrodes 1111 is connected to the first connection
portion 1112, and the lower left end of each of the first
branch electrodes 1111 extends outwardly in a first prede-
termined angle along a first predetermined direction. Like-
wise, each of the second branch electrodes 1211 also
includes two ends, where one end is connected to the second
connection portion 1212, and the other end extends out-
wardly in a second predetermined angle along a second
predetermined direction. As shown in FIG. 2, the lower left
end of each of the second branch electrodes 1211 is con-
nected to the second connection portion 1212, and the upper
right end of each of the second branch electrodes 1211
extends outwardly in a second predetermined angle along a
second predetermined direction. The first predetermined
direction and the second predetermined direction could be a
direction that is horizontal or vertical. The first predeter-
mined angle and the second predetermined angle could be
30, 40, or 45 degrees, but are not limited thereto. Preferably,
the second predetermined angle could be the same as or
different from the first predetermined angle. The second
predetermined direction could be identical to the first pre-
determined direction.

[0050] The first pixel electrode further includes a first
connection end, and the second pixel electrode further
includes a second connection end. The first pixel electrode
is connected to a drain electrode of the first thin-film
transistor via the first connection end, and the second pixel
electrode is connected to a drain electrode of the second
thin-film transistor via the second connection end. Specifi-
cally, as shown in FIGS. 2-9, the first connection end 1113
and the second connection end 1213 are disposed between
the first pixel region 11 and the second pixel region 12.
[0051] As shown in FIGS. 2-9, the first connection portion
1112 is L-shaped and is connected to the first branch
electrodes 1111, and the second connection portion 1212 is
L-shaped and is connected to the second branch electrodes
1211.

[0052] Insome embodiments, as shown in FIG. 2, the first
connection portion 1112 is disposed at the upper right corner
of the first pixel region 11, i.e. being disposed at upper edge
and right edge of the first pixel region 11, and is connected
to the upper right end of each of the first branch electrode
1111. The second connection portion 1212 is disposed at the
lower left corner of the second pixel region 12, i.e. being
disposed at lower edge and left edge of the second pixel
region 12, and is connected to the lower left end of each of
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the second branch electrode 1211. Additionally, as shown in
FIG. 2, the first connection end 1113 is directly connected to
the first branch electrodes 1111, and the second connection
end 1213 is directly connected to the second branch elec-
trodes 1211.

[0053] A plurality of pixels having the structure as shown
in FIG. 2 can be arranged to form the arrangement shown in
FIG. 3 in the LCD device. As shown in FIG. 3, in the LCD
device 1000, a plurality of pixels 10 are arranged in an array,
such that any two adjacent pixels 10 in the same row have
structures being mirror-symmetric with respect to each
other. Moreover, for any two adjacent rows of pixels, a
structure of the m” pixel in the (N+1)* row and a structure
of the (m+1)™ pixel in the N row are the same, where N and
M are natural numbers. With such an arrangement, not only
compensation of viewing angle is accomplished but viewing
angle of display device is widened.

[0054] Insome embodiments, as shown in FIG. 4, the first
connection portion 1112 is disposed at the upper right corner
of the first pixel region 11, i.e. being disposed at upper edge
and right edge of the first pixel region 11, and is connected
to the upper right end of each of the first branch electrode
1111. The second connection portion 1212 is disposed at the
lower right corner of the second pixel region 12, i.e. being
disposed at lower edge and right edge of the second pixel
region 12, and is connected to the lower right end of each of
the second branch electrode 1211. Additionally, as shown in
FIG. 4, the first connection end 1113 is directly connected to
the first branch electrodes 1111, and the second connection
end 1213 is directly connected to the second branch elec-
trodes 1211.

[0055] A plurality of pixels having the structure as shown
in FIG. 4 can be arranged to form the arrangement shown in
FIG. 5 in the LCD device 1000. As shown in FIG. 5, in the
LCD device 1000, a plurality of pixels 10 are arranged in an
array, such that any two adjacent pixels 10 in the same row
have structures being mirror-symmetric with respect to each
other. Moreover, for any two adjacent rows of pixels, a
structure of the m” pixel in the (N+1)” row and a structure
of the (m+1)™ pixel in the N” row are the same, where N and
M are natural numbers. With such an arrangement, not only
compensation of viewing angle is accomplished but viewing
angle of display device is widened.

[0056] Insome embodiments, as shown in FIG. 6, the first
connection portion 1112 is disposed at the lower right corner
of the first pixel region 11, i.e. being disposed at lower edge
and right edge of the first pixel region 11, and is connected
to the lower right end of each of the first branch electrode
1111. The second connection portion 1212 is disposed at the
upper left corner of the second pixel region 12, i.e. being
disposed at upper edge and left edge of the second pixel
region 12, and is connected to the upper left end of each of
the second branch electrode 1211. Additionally, as shown in
FIG. 6, the first connection end 1113 is connected to the first
connection portion 1112, and the second connection end
1213 is connected to the second connection portion 1212.
[0057] A plurality of pixels having the structure as shown
in FIG. 6 can be arranged to form the arrangement shown in
FIG. 7 in the LCD device 1000. As shown in FIG. 7, in the
LCD device 1000, a plurality of pixels 10 are arranged in an
array, such that any two adjacent pixels 10 in the same row
have structures being mirror-symmetric with respect to each
other. Moreover, for any two adjacent rows of pixels, a
structure of the m” pixel in the (N+1)” row and a structure
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of the (m+1)™ pixel in the N” row are the same, where N and
M are natural numbers. With such an arrangement, not only
compensation of viewing angle is accomplished but viewing
angle of display device is widened.
[0058] Insome embodiments, as shown in FIG. 8, the first
connection portion 1112 is disposed at the lower right corner
of the first pixel region 11, i.e. being disposed at lower edge
and right edge of the first pixel region 11, and is connected
to the lower right end of each of the first branch electrode
1111. The second connection portion 1212 is disposed at the
upper right corner of the second pixel region 12, i.e. being
disposed at upper edge and right edge of the second pixel
region 12, and is connected to the upper right end of each of
the second branch electrode 1211. Additionally, as shown in
FIG. 8, the first connection end 1113 is connected to the first
connection portion 1112, and the second connection end
1213 is connected to the second connection portion 1212.
[0059] A plurality of pixels having the structure as shown
in FIG. 8 can be arranged to form the arrangement shown in
FIG. 9 in the LCD device 1000. As shown in FIG. 9, in the
LCD device 1000. a plurality of pixels 10 are arranged in an
array, such that any two adjacent pixels 10 in the same row
have structures being mirror-symmetric with respect to each
other. Moreover, for any two adjacent rows of pixels, a
structure of the m™ pixel in the (N+1)* row and a structure
of the (m+1)” pixel in the N” row are the same, where N and
M are natural numbers. With such an arrangement, not only
compensation of viewing angle is accomplished but viewing
angle of display device is widened.
[0060] According to the liquid crystal display device of
the present disclosure, each pixel is divided to include a first
pixel region and a second pixel region, in which viewing
angle of display device is widened by coordination of the
two pixel regions. Since any two adjacent pixels in the same
row have structures being mirror-symmetric with respect to
each other, and for any two adjacent rows of pixels, a
structure of the m™ pixel in the (N+1)* row and a structure
of the (m+1)” pixel in the N” row are the same, where N and
M are natural numbers, viewing angle of display device is
widened.
[0061] While the present disclosure has been described
with the aforementioned preferred embodiments, it is pref-
erable that the above embodiments should not be construed
as limiting of the present disclosure. Anyone having ordi-
nary skill in the art can make a variety of modifications and
variations without departing from the spirit and scope of the
present disclosure as defined by the following claims.
1. Aliquid crystal display device comprising a plurality of
pixels arranged in an array, each of the pixels comprising:
a first pixel region, wherein the first pixel region includes
a first pixel electrode, the first pixel electrode includes
a plurality of first branch electrodes and a first connec-
tion portion connected to one end of each of the first
branch electrodes, and the other end of each of the first
branch electrodes extends outwardly in a first prede-
termined angle along a first predetermined direction;
and
a second pixel region, wherein the second pixel region is
aligned vertically with the first pixel region, the second
pixel region includes a second pixel electrode, the
second pixel electrode includes a plurality of second
branch electrodes and a second connection portion
connected to one end of each of the second branch
electrodes, and the other end of each of the second
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branch electrodes extends outwardly in a second pre-
determined angle along a second predetermined direc-
tion;

wherein any two adjacent pixels in the same row have

structures being minor-symmetric with respect to each
other; and for any two adjacent rows of pixels, a
structure of the m™ pixel in the (N+1)” row and a
structure of the (m+1)” pixel in the N row are the
same, where N and M are natural numbers;

wherein the first connection portion is L-shaped, and the

second connection portion is L-shaped;

wherein the first pixel region is disposed above the second

pixel region, or the first pixel region is disposed below
the second pixel region; and

wherein the first pixel electrode and the second pixel

electrode are separated from each other.

2. The liquid crystal display device according to claim 1,
wherein the first connection portion is disposed at an upper
right corner of the first pixel region, and the second con-
nection portion is disposed at a lower left corner of the
second pixel region.

3. The liquid crystal display device according to claim 1,
wherein the first connection portion is disposed at an upper
right corner of the first pixel region, and the second con-
nection portion is disposed at a lower right corner of the
second pixel region.

4. The liquid crystal display device according to claim 1,
wherein the first connection portion is disposed at a lower
right corner of the first pixel region, and the second con-
nection portion is disposed at an upper left corner of the
second pixel region.

5. The liquid crystal display device according to claim 1,
wherein the first connection portion is disposed at a lower
right corner of the first pixel region, and the second con-
nection portion is disposed at an upper right corner of the
second pixel region.

6. The liquid crystal display device according to claim 1,
wherein

the first pixel electrode further includes a first connection

end, and the second pixel electrode further includes a
second connection end;
the first pixel region further includes a first thin-film
transistor, and the second pixel region further includes
a second thin-film transistor; and

the first pixel electrode is connected to a drain electrode
of the first thin-film transistor via the first connection
end, and the second pixel electrode is connected to a
drain electrode of the second thin-film transistor via the
second connection end.

7. The liquid crystal display device according to claim 6,
wherein

the first connection end is connected to the first branch

electrodes; and

the second connection end is connected to the second

branch electrodes.

8. The liquid crystal display device according to claim 1,
wherein an area ratio of the first pixel region to the second
pixel region is ranged from 0.2 to 5.

9. A liquid crystal display device comprising a plurality of
pixels arranged in an array, each of the pixels comprising:

a first pixel region, wherein the first pixel region includes

a first pixel electrode, the first pixel electrode includes
a plurality of first branch electrodes and a first connec-
tion portion connected to one end of each of the first
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branch electrodes, and the other end of each of the first
branch electrodes extends outwardly in a first prede-
termined angle along a first predetermined direction;
and
a second pixel region, wherein the second pixel region is
aligned vertically with the first pixel region, the second
pixel region includes a second pixel electrode, the
second pixel electrode includes a plurality of second
branch electrodes and a second connection portion
connected to one end of each of the second branch
electrodes, and the other end of each of the second
branch electrodes extends outwardly in a second pre-
determined angle along a second predetermined direc-
tion;
wherein any two adjacent pixels in the same row have
structures being minor-symmetric with respect to each
other; and for any two adjacent rows of pixels, a
structure of the m” pixel in the (N+1)* row and a
structure of the (m+1)” pixel in the N row are the
same, where N and M are natural numbers; and

wherein the first pixel electrode and the second pixel
electrode are separated from each other.

10. The liquid crystal display device according to claim 9,
wherein the first connection portion is L-shaped, and the
second connection portion is [-shaped.

11. The liquid crystal display device according to claim
10, wherein the first connection portion is disposed at an
upper right corner of the first pixel region, and the second
connection portion is disposed at a lower left corner of the
second pixel region.

12. The liquid crystal display device according to claim
10, wherein the first connection portion is disposed at an
upper right corner of the first pixel region, and the second
connection portion is disposed at a lower right corner of the
second pixel region.

13. The liquid crystal display device according to claim
10, wherein the first connection portion is disposed at a
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lower right corner of the first pixel region, and the second
connection portion is disposed at an upper left corner of the
second pixel region.

14. The liquid crystal display device according to claim
10, wherein the first connection portion is disposed at a
lower right corner of the first pixel region, and the second
connection portion is disposed at an upper right corner of the
second pixel region.

15. The liquid crystal display device according to claim 9,
wherein

the first pixel electrode further includes a first connection

end, and the second pixel electrode further includes a
second connection end,
the first pixel region further includes a first thin-film
transistor, and the second pixel region further includes
a second thin-film transistor; and

the first pixel electrode is connected to a drain electrode
of the first thin-film transistor via the first connection
end, and the second pixel electrode is connected to a
drain electrode of the second thin-film transistor via the
second connection end.

16. The liquid crystal display device according to claim
15, wherein
the first connection end is connected to the first branch
electrodes; and
the second connection end is connected to the second
branch electrodes.

17. The liquid crystal display device according to claim 9,
wherein an area ratio of the first pixel region to the second
pixel region is ranged from 0.2 to 5.

18. The liquid crystal display device according to claim 9,
wherein the first pixel region is disposed above the second
pixel region, or the first pixel region is disposed below the
second pixel region.
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