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(7) ABSTRACT

A color filter substrate, an array substrate, a liquid crystal
panel and a liquid crystal display device are disclosed. Said
color filter substrate includes a plurality of pixel units,
wherein said pixel unit comprises two diamond shaped sub-
pixels and four isosceles triangle shaped sub-pixels, every
two isosceles triangle shaped sub-pixels are arranged into a
sub-pixel column with their vertex angles opposite to each
other, and two sub-pixel columns are parallel to each other;
said two diamond shaped sub-pixels and said two sub-pixel
columns are disposed alternatively in horizontal direction;
and colors of said diamond sub-pixels and the isosceles tri-
angle shaped sub-pixels at least contains red, blue and green.
The liquid crystal panel can enhance color reproducibility of
the liquid crystal display panel and refinement degree of
picture display and hence improving reality of picture display
effect.
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COLOR FILTER SUBSTRATE, ARRAY
SUBSTRATE, LIQUID CRYSTAL PANEL AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the
field of manufacturing liquid crystal display panels, particu-
larly to a color filter substrate, an array substrate and a liquid
crystal panel and a liquid crystal display device using them.

BACKGROUND

[0002] A liquid crystal display panel mainly consists of a
color filter substrate, an array substrate and a liquid crystal
layer sandwiched therebetween. The color filter substrate
comprises M rows by N columns of pixel units each contain-
ing a red (R) sub-pixel unit, a green (G) sub-pixel unit and a
blue (B) sub-pixel unit. The color filter substrate can exhibit
different colors by transmitting different optical bands at the
three sub-pixels of different colors and exhibits desired colors
by controlling transmitted light intensity of the three sub-
pixels of different colors. Accordingly, M rows by N columns
of pixel units are disposed on the array substrate; each of the
pixel units contains three sub-pixel units and is driven by
three data lines and one gate line. It is possible to control light
brightness by controlling the gate lines and data lines, thereby
allowing each sub-pixel unit to display different color, and
realizing display of the entire picture. However, a conven-
tional liquid crystal display contains only three sub-pixel
units of three colors. Their color reproducibility, transmit-
tance of display panel and resolution of the display for picture
details are poor, which limit the reality of picture display
effect.

SUMMARY

[0003] Embodiments of the present invention provide a
color filter substrate, an array substrate, a liquid crystal panel
and a liquid crystal display device for enhancing display
effect of the liquid crystal display panel.

[0004] In order to achieve the above-mentioned object.
embodiments of the present invention adopt the following
technical solutions:

[0005] 1In one aspect, a color filter substrate including a
plurality of pixel units is provided, wherein said pixel unit
comprises two diamond shaped sub-pixels and four isosceles
triangle shaped sub-pixels, every two isosceles triangle
shaped sub-pixels are arranged into a sub-pixel column with
vertex angles opposite to each other, and two sub-pixel col-
umns are parallel to each other; said two diamond shaped
sub-pixels and said two sub-pixel columns are disposed alter-
natively in horizontal direction; and colors of said diamond
sub-pixels and the isosceles triangle shaped sub-pixels at least
contains red, blue and green.

[0006] In another aspect, a array substrate including a plu-
rality of pixel units is provided, wherein said pixel unit com-
prises two diamond shaped sub-pixel units and four isosceles
triangle shaped sub-pixel units which correspond to locations
of the six sub-pixels in the color filter substrate according to
claim 1 respectively.

[0007] In yet another aspect, a liquid crystal panel includ-
ing the above-mentioned color filter substrate and the above-
mentioned array substrate disposed oppositely thereto is pro-
vided.
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[0008] 1Inyetanother aspect, a liquid crystal display device
including the above-mentioned liquid crystal panel is pro-
vided.

[0009] The color filter substrate, the array substrate, the
liquid crystal panel and the liquid crystal display device pro-
vided in embodiments of the present invention have the fol-
lowing advantages with respect to conventional technology:
[0010] 1. The adoption of isosceles triangle and diamond
shaped sub-pixels can elaborately display contours of irregu-
lar images, thereby enhancing the resolution of the display for
picture details.

[0011] 2. The addition of sub-pixels with colors other than
red, green and blue not only broadens the color gamut of the
color filter substrate and enhances the color reproducing
effect of the liquid crystal display panel, but also increases
transmittance of the color filter substrate and reduces the
overall power consumption of the liquid crystal display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Inorderto clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0013] FIG. 1 schematically illustrates a structural repre-
sentation of acolor filter substrate according to a first embodi-
ment of the present invention;

[0014] FIG. 2 schematically illustrates a color distribution
diagram ofa color filter sub-pixels according to an exaniple of
the present invention;

[0015] FIG. 3 schematically illustrates a color distribution
diagram of a color filter sub-pixels according to another
example of the present invention;

[0016] FIG. 4 schematically illustrates a structural repre-
sentation of an array substrate according to a second embodi-
ment of the present invention;

[0017] FIG. 5 schematically illustrates an arrangement of
three data lines in the array substrate according to the second
embodiment of the present invention;

[0018] FIG. 6 schematically illustrates a display state of the
array substrate according to the second embodiment of the
present invention when a first gate line is conducted; and
[0019] FIG. 7 schematically illustrates a display state of the
array substrate according to the second embodiment of the
present invention when a second gate line is conducted.

DETAILED DESCRIPTION

[0020] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiments will be described in a
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. Appar-
ently, the described embodiments are just a part but not all of
the embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

[0021] Unless otherwise defined, all the technical and sci-
entific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which
the present invention belongs. The term “connection” as used
in the patent application specification of the present invention
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and claims is not limited to a physical or mechanical connec-
tion, but may comprise electrical connections either direct or
indirect. Terms such as “over”, “under”, “left” and “right” are
only for describing relative position relationships that would
vary accordingly when absolute positions of the described
objects vary.

Embodiment I

[0022] As shown in FIG. 1, the color filter substrate pro-
vided according to the embodiment of the present invention
comprises a plurality of pixel units 1 arranged in an array of
M rowsxN columns, wherein M and N are positive integers.
Fach pixel unit 1 comprises six color filter sub-pixels, that is,
two diamond shaped color filter sub-pixels 11 and four isos-
celes triangle shaped color filter sub-pixels 12. Preferably, the
two diamond shaped sub-pixels are congruent, and said four
isosceles triangle shaped sub-pixels are congruent. Among
them, the four isosceles triangle shaped color filter sub-pixels
12 are arranged into two sub-pixel columns parallel to each
other horizontally. In each sub-pixel column, the two isosce-
les triangle shaped color filter sub-pixels 12 are arranged with
their vertex angles opposite to each other, to make the height
of pixel unit 1 (or the height of the sub-pixel column) equal to
a sum of the heights of the two isosceles triangles. The dia-
mond shaped color filter sub-pixels 11 and the two sub-pixel
columns are arranged alternately in a horizontal direction. For
example, as shown in FIG. 2, from right to left, the sub-pixels
are in turn: a diamond shaped sub-pixel 11, a triangle shaped
sub-pixel column, a diamond shaped sub-pixel 11 and a tri-
angle shaped sub-pixel column; and vice versa. The diamond
shaped color filter sub-pixel 11 has one of its diagonals dis-
posed in a longitudinal direction (vertical direction), which
makes the height of the pixel unit 1 equal to the length of this
diagonal of the diamond shaped color filter sub-pixel 11.
Such an arrangement can have the tops or bottoms of pixel
units in a same row to be flushed with each other, namely kept
in one plane, thereby ensuring that the gate lines can be routed
along a straight line, and reducing routing difficulty.

In the embodiment of the present invention, the six color filter
sub-pixels in each pixel unit 1 have colors containing at least
red, blue and green. For example, in one example, the colors
for the two diamond shaped sub-pixels are any two of red,
blue and green, while the color for one of the four isosceles
triangle shaped sub-pixels is the remaining one. Alternatively,
the color for one of the two diamond shaped sub-pixels is red,
blue or green, while the colors for two of the four isosceles
triangle shaped sub-pixels are the remaining two colors.
Alternatively, three of the four isosceles triangle shaped sub-
pixels have red, blue and green colors respectively, while the
two diamond shaped sub-pixels do not have any of the above-
mentioned colors. However, it is understood that the six col-
ors for the six sub-pixels may be different, or may be partially
identical. For example, in the six sub-pixels, two sub-pixels
have the same color, while this is independent on the shapes of
sub-pixels.

[0023] FIG. 2 schematically illustrates a color distribution
diagram of the color filter sub-pixels according to one
example of the present invention. As shown in FIG. 2, the
colors for the two diamond shaped color filter sub-pixels 11 in
the pixel unit 1 are set as red and blue respectively. Two of the
four triangle shaped sub-pixels 12 that are not in the same
sub-pixel column and nonadjacent are set to green color, the
other two triangle shaped sub-pixels 12 are set to any two
colors of yellow, cyan, pink or white, for example yellow or
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cyan shown in FIG. 2. Specifically, the left diamond shaped
sub-pixel 11e is set to blue, the right diamond shaped sub-
pixel 11f'is set to red, the sub-pixel 12a on top of the left
sub-pixel column and the sub-pixel 124 at the bottom of the
right sub-pixel column is set to green, the sub-pixel 12¢ at the
bottom of the left sub-pixel column is set to yellow, and the
sub-pixel 125 on top of the right sub-pixel column is set to
cyan.

[0024] FIG. 3 schematically illustrates a color distribution
diagram of color filter sub-pixels according to another
example of the present invention. As shown in FIG. 3, in this
pixel unit 1, the colors for the two diamond shaped color filter
sub-pixels 11 are set as red and blue, the color for one of the
four triangle shaped sub-pixel 12 is set to green, the other
three triangle shaped sub-pixels 12 are set to three of yellow,
cyan, pink and white, such as white, cyan and pink as shown
in FIG. 3. Specifically, the left diamond shaped sub-pixel 11
is set to red, the right diamond shaped sub-pixel 11 is set to
blue, the sub-pixel 12 ontop of the left sub-pixel column is set
to green, the sub-pixel 12 at the bottom of the left sub-pixel
column is set to white, the sub-pixel 12 on top of the right
sub-pixel column is set to cyan, and the sub-pixel 12 at the
bottom of the right sub-pixel column is set to pink.

[0025] Inthe color filter substrate according to the embodi-
ment of the present invention, adoption of isosceles triangle
and diamond shaped sub-pixels can display contours of
irregular images more elaborately. Addition of yellow, cyan,
pink and white sub-pixels broadens color gamut of the color
filter substrate. In addition, the yellow sub-pixels have higher
transmittance with respect to red, green and blue sub-pixels,
thereby improving transmittance of the color filter substrate
and reducing the overall power consumption of the liquid
crystal display panel. In summary, the pixel units of the color
filter substrate according to the embodiment of the present
invention improve color display effect of the liquid crystal
display panel as a whole and reduce the power consumption
of the liquid crystal display panel.

Embodiment I1

[0026] The array substrate according to the embodiment of
the present invention comprises a plurality of pixel units 2

arranged in an array of M rowsxN columns, wherein each
pixel unit 2 is disposed oppositely to each pixel unit on the
color filter substrate, such as the pixel unit 1 in embodiment 1.

As shown in FIG. 4, the pixel unit 2 comprises six sub-pixel

units 21 each including a pixel electrode 211 and a thin film
transistor 212 with a drain connected with the pixel electrode
211. Specifically, the six sub-pixel units 21 are disposed
oppositely to the six color filter sub-pixels of the color filter
substrate in embodiment [ respectively, that is, two sub-pixel

units 21e and 21/ correspond to two diamond shaped color
filter sub-pixels 11e and 11f; respectively, four sub-pixel units

21a, 215, 21¢ and 21d correspond to four isosceles triangle
shaped color filter sub-pixels 12q, 125, 12¢ and 12d, respec-

tively.

[0027] In this embodiment, the sub-pixel units 21a, 215,

21c¢ and 214 corresponding to the isosceles triangle shaped
color filter sub-pixels 12q, 125, 12¢ and 12d may have a same

isosceles triangle shape as those of the sub-pixels 12a, 125,

12¢ and 124, and the sub-pixel units 21e and 21f correspond-

ing to the diamond shaped color filter sub-pixels 11e and 11/
may have a same diamond shape as those of the sub-pixels

11e and 11/ It is understood that in other embodiments of the
present invention, depending on shapes of pixel units on the
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color filter substrate, the sub-pixel units 21 of the array sub-
strate may be of any other geometric shapes, such as rectangle
and circle.

[0028] Inoperation, each pixel unit on the array substrate is
driven by two gate lines and three datalines. As shown in FIG.
4, the two gate lines comprise a first gate line 22 on top of the
pixel unit 2 and a second gate line 23 at the bottom of the pixel
unit 2, and the three data lines comprises a first data line 24, a
second data line 25 and a third data line 26 from left to right.
Each data line is connected with sources of thin film transis-
tors 212 of the two sub-pixel units 21, and each gate line is
connected with gates of thin film transistors 212 of the three
sub-pixel units 21.

[0029] As an option, the first gate line 22 is connected with
gates of three thin film transistors of three sub-pixel unit 21a,
2le, 215 on the array substrates corresponding to the two
isosceles triangle shaped sub-pixels 12a, 12¢ arranged hori-
zontally on the color filter substrate and one diamond shaped
sub-pixel 11e sandwiched therebetween; the second gate line
23 is connected with gates of three thin film transistors of
three sub-pixel unit 21c, 21d, 21f on the array substrates
corresponding to the other two isosceles triangle shaped sub-
pixels 12¢, 12d on the color filter substrate and another dia-
mond shaped color filter sub-pixel 11f. The first data line 24 is
connected with sources of the two thin film transistors of the
two sub-pixel units 21a, 21¢ on the array substrate corre-
sponding to the left two isosceles triangle shaped sub-pixels
124, 12¢ on the color filter substrate; the second data line 25
is connected with sources of the two thin film transistors of
the two sub-pixel units 21e, 214 corresponding to the left
diamond shaped sub-pixel 11e and the low right isosceles
triangle shaped sub-pixel 124 on the color filter substrate; the
third data line 26 is connected with sources of the two thin
film transistors 212 of the two sub-pixel units 215, 21f'on the
array substrate corresponding to the upper right isosceles
triangle shaped sub-pixels 125 and the right diamond shaped
sub-pixel 11f'on the color filter substrate.

[0030] Further, as shown in FIG. 5, the first data line 24, the
second data line 25, the third data line 26 are routed along
edges of said diamond shaped sub-pixels 11, which allows
data lines to overlap with the black matrix footprint on the
color filter substrate.

[0031] The array substrate provided in this embodiment
realizes entire display of six sub-pixel units in one sub-pixel
unit 1 in the color filter substrate according to embodiment 1
by two gate lines and three data lines. Fine display of contour
of irregular pictures is realized. The color gamut of the color
filter substrate is increased, and therefore the color display
effect of the display is enhanced as a whole.

Embodiment III

[0032] The display panel according to the embodiment of
the present invention comprises an array substrate and a color
filter substrate disposed opposite to each other. The substrates
described in the above embodiments may be used for said
array substrate and the color filter substrate. For example, in
this embodiment, the arrangement and color setting of sub-
pixels of the pixel unit 1 of the color filter substrate are the
same as that of sub-pixels of the pixel unit 1 in FIG. 2 of
embodiment I. The arrangement of sub-pixel units of the pixel
unit 2 of the array substrate is similar to that of FIG. 2, and
layout of gate lines and data lines is the same as those in FIG.
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5 of embodiment II. The image display process of the display
panel will be described in detail below with reference to
FIGS. 5-7.

[0033] Taking the adjacent i-1% column of pixel unit 21,
the i column of pixel unit 21 and the i+1% column of pixel
unit 21 in the i” row as an example, when the first gate line 22
on top of the pixel unit on the array substrate is conducted, as
shown in FIG. 6, the first data line 24, the second data line 25
and the third data line 26 output signals for the green sub-
pixel 124, the blue sub-pixel 11e and the cyan sub-pixel 125
respectively to charge them. When the second gate line 23 at
the bottom of the pixel unit is conducted, as shown in FIG. 7,
the first data line 24, the second data line 25 and the third data
line 26 output signals for the yellow sub-pixel 12¢, the green
sub-pixel 124 and the red sub-pixel 11/ respectively to charge
them. This realizes entire display of the i row.

Embodiment IV

[0034] The liquid crystal display device according to the
embodiment of the present invention comprises the display
panel in above-mentioned embodiment. The liquid crystal
display device may further comprise liquid crystal material
filled between the color filter substrate and the array substrate.
In some examples, the liquid crystal display device may fur-
ther comprise a backlight source for providing backlight for
the array substrate.

[0035] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative to
the scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.

1-16. (canceled)

17. A color filter substrate comprising a plurality of pixel
units, wherein said pixel unit comprises two diamond shaped
sub-pixels and four isosceles triangle shaped sub-pixels,
every two isosceles triangle shaped sub-pixels are arranged
into a sub-pixel column with their vertex angles opposite to
each other, and two sub-pixel columns are parallel to each
other; said two diamond shaped sub-pixels and said two sub-
pixel columns are disposed alternatively in horizontal direc-
tion; and the colors of said diamond sub-pixels and the isos-
celes triangle shaped sub-pixels at least contain red, blue and
green.

18. The color filter substrate of ¢claim 17, wherein said two
diamond shaped sub-pixels are congruent with each other,
and said four isosceles triangle shaped sub-pixels are congru-
ent with each other.

19. The color filter substrate of claim 17, wherein said
diamond shaped sub-pixel has one of its diagonals disposed in
longitudinal direction to make a length of the diagonal equal
to a height of said sub-pixel column.

20. The color filter substrate of claim 17, wherein said
plurality of pixel units are disposed in an array, wherein tops
or bottoms of pixel units in a same row are kept in a same
plane.

21. The color filter substrate of claim 17, wherein six colors
of the six sub-pixels are partially same.

22. The color filter substrate of claim 17, wherein colors of
the two diamond shaped sub-pixels are two of red, blue and
green, a color of one of the four isosceles triangle shaped
sub-pixels is the remaining one color.

23. The color filter substrate of claim 17, wherein colors of
said two diamond shaped sub-pixels are red and blue respec-
tively.



US 2015/0212367 Al

24. The color filter substrate of claim 17, wherein colors of
two isosceles triangle shaped sub-pixels that are not in a same
sub-pixel column and nonadjacent are green, colors of other
two isosceles triangle shaped sub-pixels are two of yellow,
cyan, pink and white respectively.

25. The color filter substrate of claim 17, wherein a color of
one of the isosceles triangle shaped sub-pixel is green, colors
of other three isosceles triangle shaped sub-pixels are three of
yellow, cyan, pink, white, respectively.

26. A liquid crystal panel comprising the color filter sub-
strate according to claim 17, and an array substrate disposed
oppositely thereto.

27. The liquid crystal panel of claim 26, the array substrate
comprising a plurality of pixel units, wherein said pixel unit
comprises two diamond shaped sub-pixel units and four isos-
celes triangle shaped sub-pixel units which correspond to
locations of the six sub-pixels in the color filter substrate.

28. The liquid crystal panel of claim 27, wherein each pixel
unit of the array substrate is driven by a first, a second gate line
and a first, a second and a third data line, each data line is
coupled with two of said sub-pixel units, and each gate line is
coupled with three of said sub-pixel units;

said first gate line is disposed on top of said pixel unit, said

second gate line is disposed at bottom of said pixel unit,
and said first, second and third data lines are arranged in
a longitudinal direction.
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29. The liquid crystal panel of claim 28, wherein

said first gate line is coupled with the two isosceles triangle
shaped sub-pixel units and one diamond shaped sub-
pixel unit sandwiched therebetween, said second gate
line is coupled with the other two isosceles triangle
shaped sub-pixel units and another one diamond shaped
sub-pixel unit.

30. The liquid crystal panel of claim 28, wherein said first
data line is coupled with two isosceles triangle shaped sub-
pixel units onleft side thereof, said second data line is coupled
with a diamond shaped sub-pixel unit on left side thereof and
an isosceles triangle shaped sub-pixel unit on low right side
thereof, said third data line is coupled with an isosceles tri-
angle shaped sub-pixel unit on upper left side thereof and a
diamond shaped sub-pixel unit on right side thereof.

31. The liquid crystal panel of claim 28, wherein said first,
second and third data lines are disposed to extend in a longi-
tudinal direction along edges of said diamond shaped sub-
pixel units.

32. A liquid crystal display device comprising a liquid
crystal panel according to claim 26.
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