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(7) ABSTRACT

A liquid crystal display panel including a first substrate, scan
lines extending along a first direction, data lines, active
devices, pixel electrodes, common electrodes, a second sub-
strate and a liquid crystal layer is provided. The pixel elec-
trodes are respectively disposed in sub-pixel regions and
coupled to the corresponding active devices. The common
electrodes are respectively disposed corresponding to the
pixel electrodes. Each common electrode or each pixel elec-
trode includes plural stripe electrodes arranged side by side.
Each stripe electrode includes a first section and a second
section respectively disposed on two opposite sides of a ref-
erence axis, wherein a major axis of the first section forms an
included angle with a major axis of the second section. The
included angles of the stripe electrodes in each sub-pixel
region are gradually varied along the first direction. The lig-
uid crystal layer is disposed between the first substrate and the
second substrate.
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LIQUID CRYSTAL DISPLAY PANEL AND
PIXEL STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 101110786, filed on Mar. 28, 2012. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a display panel and pixel structure
thereof, and more particularly, to a fringe field switching
(FFS) liquid crystal display panel and pixel structure thereof.

2. Description of Related Art

Recently, with continuing maturation of photoelectric
technology and semiconductor fabrication, development of
flat panel displays is booming. Among the flat panel displays,
liquid crystal displays (I.CDs) free of harmful radiation and
characterized by low operating voltage, light weight, and
small volume have gradually replaced conventional cathode
ray tube (CRT) displays and have become mainstream display
products. However, the LCDs are still subject to the limited
viewing angles. At this current stage, displays capable of
satisfying the requirement for wide viewing angle include a
twisted nematic (TN) LCD equipped with a wide viewing
film, an in-plane switching (IPS) LCD, a fringe field switch-
ing (FFS) LCD, a multi-domain vertical alignment (MVA)
display, and so on.

The existing FFS LCD encounters the color shift issue.
Specifically, red, blue, and green pixels in large viewing angle
may be accompanied with color shift to different extent. More
specifically, the existing FFS LCD is provided with pixel
structures in single domain, wherein an electric field along a
single direction is provided between a pixel electrode and a
common electrode in each of the pixel structures, and the
liquid crystal molecules of the pixel structures are aligned in
a single orientation. Therefore, a color level of an image
displayed on the LCD observed in a large viewing angle (e.g.
60 degrees) appears yellowish or blueish in relative to that
observed in a normal viewing angle (i.e. 0 degree). The exist-
ing FFS LCD with pixel structures in single domain encoun-
ters the color shift issue in large viewing angles. Thus, an
acceptable range of viewing angle of the existing FFS LCD is
restricted, and the display quality goes inferior.

SUMMARY

The present invention is directed to a liquid crystal display
panel with desirable display quality.

The present invention provides a pixel structure capable of
eliminating color shift in displaying image.

As embodied and broadly described herein, a liquid crystal
display panel includes a first substrate, scan lines extending
along a first direction, data lines, active devices, pixel elec-
trodes, common electrodes, a second substrate and a liquid
crystal layer is provided. The scan lines are disposed on the
first substrate and extending along a first direction. The data
lines are disposed on the first substrate and intersected with
the scan lines. Plural sub-pixel regions are defined on the first
substrate by the scan lines and the data lines. The active
devices are disposed on the first substrate and coupled to the
scan lines and the data lines correspondingly. The pixel elec-
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trodes are respectively disposed in the sub-pixel regions and
coupled to the corresponding active devices. The common
electrodes are disposed corresponding to the pixel electrodes,
wherein each of the common electrodes or each of the pixel
electrodes includes plural stripe electrodes arranged side by
side. Each of'the stripe electrodes includes a first section and
a second section respectively disposed on two opposite sides
of a reference axis, wherein a major axis of the first section
forms an included angle with a major axis of the second
section. The included angles of the stripe electrodes in each
sub-pixel region are gradually varied along the first direction.
The liquid crystal layer is disposed between the first substrate
and the second substrate.

In an embodiment of the present invention, the sub-pixel
regions comprises a first sub-pixel region and a second sub-
pixel region adjacent to each other along the first direction,
and a variation trend of the included angles in the first sub-
pixel region is opposite to a variation trend of the included
angles in the second sub-pixel region.

In an embodiment of the present invention, an outermost
stripe electrode in the first sub-pixel region is adjacent to an
outermost stripe electrode in the second sub-pixel region, and
the included angle of the outermost stripe electrode in the first
sub-pixel region is substantially equal to the included angle of
the outermost stripe electrode in the second sub-pixel region.

In an embodiment of the present invention, an area of the
first sub-pixel region is greater than an area of the second
sub-pixel region, and the liquid crystal display panel is pro-
vided with a contact window located in the first sub-pixel
region.

In an embodiment of the present invention, the aperture
ratio of the first sub-pixel region is substantially equal to the
aperture ratio of the second sub-pixel region.

In an embodiment of the present invention, the liquid crys-
tal display panel further comprises a plurality of common
lines disposed on the first substrate and extending along the
first direction. The contact window is coupled between the
corresponding common line and the corresponding common
electrode.

In an embodiment of the present invention, a liquid crystal
display panel further comprises a plurality of common lines
electrically connected to the common electrodes.

In an embodiment of the present invention, the included
angles in each of the plurality of sub-pixels are gradually
decreased along the first direction.

In an embodiment of the present invention, the included
angles in each of the plurality of sub-pixels are gradually
decreased and gradually increased along the first direction,
alternately.

In an embodiment of the present invention, the included
angles in each of the plurality of sub-pixels are gradually
varied with the same interval.

In an embodiment of the present invention, the reference
axis is substantially parallel to the first direction.

A pixel structure including a substrate, a scan line, a data
line, an active device, a pixel electrode, and a common elec-
trode is also provided. The scan line is disposed on the sub-
strate and extending along a first direction. The data line is
disposed on the first substrate and intersected with the scan
line. The active device is disposed on the substrate and
coupled to the scan line and the data line. The pixel electrode
is electrically connected to the active device. The common
electrode is disposed corresponding to the pixel electrode,
wherein one of the common electrode and the pixel electrode
comprises a plurality of stripe electrodes arranged side by
side. Each of the stripe electrodes comprises a first section
and a second section respectively disposed on two opposite
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sides of a reference axis. A major axis of the first section
forms an included angle with a major axis of the second
section. The included angles of the stripe electrodes are
gradually varied along the first direction.

In an embodiment of the present invention, the included
angles are gradually decreased along the first direction.

In an embodiment of the present invention, the included
angles are gradually decreased and gradually increased along
the first direction, alternately.

In an embodiment of the present invention, the included
angles are gradually varied with the same interval.

In an embodiment of the present invention, the reference
axis is substantially parallel to the first direction.

The color shift of display image in large viewing angle can
be effectively eliminated in the pixel structure of the present
invention by the stripe electrodes arranged side by side and
having gradually varied included angles along the first direc-
tion. Thus, the liquid crystal display panel adopting the pixel
structure of the present invention can provide favorable dis-
play quality.

In order to make the aforementioned features and advan-
tages of the invention more comprehensible, embodiments
accompanying figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings constituting a part of this
specification are incorporated herein to provide a further
understanding of the invention. Here, the drawings illustrate
embodiments of the invention and, together with the descrip-
tion, serve to explain the principles of the invention.

FIG. 1A is a schematic top view of a liquid crystal display
panel according to an embodiment of the present invention.

FIG. 1B is a schematic cross-sectional view taken along
line I-I in FIG. 1A.

FIG. 1C through FIG. 1E respectively show the chroma
coordinate of different color sub-pixels of the liquid crystal
display panel 1004 of FIG. 1A and a conventional single-
domain sub-pixel region, when displaying an image in a large
viewing angle.

FIG. 2 is a schematic top view of a liquid crystal display
panel according to another embodiment of the present inven-
tion.

FIG. 3 is a schematic top view of a liquid crystal display
panel according to further another embodiment of the present
invention.

FIG. 4A is a schematic top view of a liquid crystal display
panel according to further another embodiment of the present
invention.

FIG. 4B is a schematic cross-sectional view taken along
line TI-1T in FIG. 4A.

FIG. 5 is a schematic top view of a pixel structure accord-
ing to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1A is a schematic top view ofa liquid crystal display
panel according to an embodiment of the present invention.
FIG. 1B is a schematic cross-sectional view taken along line
I-I in FIG. 1A. For purposes of illustration, some elements
shown in FIG. 1B are omitted in FIG. 1A. Referring to FIG.
1A and FIG. 1B, the liquid crystal display panel 100a
includes a first substrate 110, a plurality of scan lines (two
scan lines SL1 and SL.2 are schematically depicted in FIG.
1A), a plurality of data lines (four data lines DL1, DL.2, DL3
and DL4 are schematically depicted in F1G. 1A), a plurality of
active devices (three active devices T1, T2 and T3 are sche-
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4

matically depicted in FIG. 1A), aplurality of pixel electrodes
(three pixel electrodes PE1, PE2 and PE3 are schematically
depicted in FIG. 1A), a plurality of common electrodes (three
common electrodes CM1, CM2 and CM3 are schematically
depicted in FIG. 1A), a second substrate 120, and a liquid
crystal layer 130 disposed between the first substrate 110 and
the second substrate 120. As shown in FIG. 1A, three pixel
structures PS1, PS2 and PS3 of the liquid crystal display
panel are illustrated.

More specifically, the scan lines SL.1 and SL.2 are disposed
on the first substrate 110 and extending along a first direction
D. The data lines DL1, DL2, DL3 and D14 are disposed on
the first substrate 110 and intersected with the scan lines SL.1
and SL2. a plurality of sub-pixel regions (three sub-pixel
regions P1, P2 and P3 are schematically depicted in FIG. 1A)
are defined on the first substrate 110 by the scan lines SL1,
SL2 and the data lines DL1, DL2, DL3 and DL4. Herein, the
data lines DL1, DL2, DL3 and DL4 are disposed across the
scan lines SL1 and SL.2, and an insulating layer 112 is sand-
wiched between the scan lines SL1, SL2 and the data lines
DL1, DL2, DL3 and DL4. The scan lines SL1, SL.2 and the
data lines DL1, DL.2, DL3 and DL4 are usually fabricated by
using metal material for conductivity. However, in other
embodiments, the scan lines SL1, SL2, and the data lines
DL1, DL2, DL3 and DL4 may comprise other conductive
materials. For example, the conductive materials may include
an alloy, metal nitride, metal oxide, metal oxynitride, other
appropriate materials, or a layer in which a metal material and
other conductive materials are stacked together.

The active devices T1, T2 and T3 are disposed on the first
substrate 110 and coupled to the scan lines SL1, SL.2 and the
data lines DL1, DL2, DL3 and DL4 correspondingly. The
pixel electrodes PE1, PE2 and PE3 are respectively disposed
in the sub-pixel regions P1, P2 and P3, and coupled to the
corresponding active devices T1, T2 and T3. As shown in
FIG. 1A and FIG. 1B, the pixel electrodes PE1, PE2 and PE3
are respectively electrically connected to the active devices
T1, T2 and T3 via contact windows C1, C2 and C3, which
penetrates insulating layers 114 and 116. The common elec-
trodes CM1, CM2 and CM3 are disposed corresponding to
the pixel electrodes PE1, PE2 and PE3, wherein the common
electrodes CM1, CM2 and CM3 are disposed on the insulat-
ing layer 114, the pixel electrodes PE1, PE2 and PE3 are
correspondingly disposed over the common electrodes CM1,
CM2 and CM3, and the pixel electrodes PE1, PE2 and PE3
are isolated from the common electrodes CM1, CM2 and
CM3 by the insulating layer 116. Herein, the common elec-
trodes CM1, CM2 and CM3 are respectively provided with
openings O1, 02 and O3, such that the contact windows C1,
C2 and C3 penetrating the insulation layers 114 and 116 are
not in electrical contact with the common electrodes CM1,
CM2 and CM3. Each pixel electrode PE1 (or PE2 or PE3)
comprises a plurality of stripe electrodes SE1, SE2 and SE3
(or SE4, SE5 and SE6, or SE7, SE8 and SE9). A pixel struc-
ture (e.g. PS1) comprises a scan line (e.g. SL1), a data line
(e.g. DL1), an active device (e.g. T1), a pixel electrode (e.g.
PE1) and a common electrode (e.g. CM1).

Each stripe electrode SE1 (or SE2 or SE3) includes a first
section SE11 (or SE21 or SE31) and a second section SE12
(or SE22 or SE32) respectively disposed on two opposite
sides ofa reference axis A, wherein a major axis L1 of the first
section SE11 (or SE21 or SE31) forms an included angle 061
(or 82 or 83) with a major axis [.2 of the second section SE12
(or SE22 or SE32). The included angles 01, 062, 03 (or 04, 05,
06, or 07, 68, 89) of the stripe electrodes SE1, SE2, SE3 (or
SE4>SES5+SE6, or SE7~SE8+SE9) in the sub-pixel region
P1 (or P2 or P3) are gradually varied along the first direction
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D. As shown in FIG. 1, the included angle 61 is greater than
the included angle 82, and the included angle 62 is greater
than the included angle 63, wherein the included angles 61,
02 and 63 are gradually decreased with the same interval. For
example, the included angles 61, 62 and 63 are respectively
170 degrees, 166 degrees and 162 degrees. The included
angles 64, 65 and 66 are gradually decreased with the same
interval. For example, the included angles 64, 65 and 06 are
respectively 170 degrees, 166 degrees and 162 degrees. In
addition, the included angles 67, 68 and 69 are gradually
decreased with the same interval. For example, the included
angles 07, 68 and 89 are respectively 170 degrees, 166
degrees and 162 degrees. However, in other embodiments, the
included angles 61, 62 and 83 can be gradually increased with
the same interval. Variations of the included angles 6465
v06 and the included angles 87+68+69 are substantially
identical with that of the included angles 61+62~63. In other
words, as illustrated in the present embodiment, the included
angles 61+62~63 (or 64, 65, 66, or 67, 68, 69) are defined
from large to small.

Furthermore, the first portion SE11 (or SE21 or SE31) and
the second portion SE12 (SE22 or SE32) of each stripe elec-
trode SE1 (or SE2 or SE3) are extended along different direc-
tions, such that the slits ST among the stripe electrodes SE1,
SE2 and SE3 of the pixel electrode PE1 are in two different
extending directions to form multi domains in the sub-pixel
region P1. Similarly, sub-pixels P2 and P3 are also provided
with multi domains. According to the present embodiment,
the common electrodes CM1, CM2 and CM3 are disposed
below the pixel electrodes PE1, PE2 and PE3, and each pixel
electrode PE1 (or PE2 or PE3) comprises the stripe electrodes
SE1~SE3 (or SE4~SE6 or SE7~SE9), for instance; however,
the present invention is not limited thereto. According to
another embodiment, the common electrodes CM1, CM2 and
CM3 may be disposed above the pixel electrodes PE1, PE2
and PE3, and each common electrode CM1 (or CM2 or CM3)
comprises the stripe electrodes SE1~SE3 (or SE4~SE6 or
SE7~SE9) t.

In addition, referring to FIG. 1A and FIG. 1B, the liquid
crystal display panel 100« further includes a color filter layer
CF disposed on the second substrate 120. More specifically,
the color filter layer CF includes a first color filter pattern F1
disposed corresponding to the sub-pixel region P1, a second
color filter pattern F2 disposed corresponding to the sub-pixel
region P2, and a third color filter pattern (not shown) disposed
corresponding to the sub-pixel region P3. Herein, the first,
second, and third color filter patterns F1, F2, and F3 may be
red, green, and blue filter patterns, respectively. Moreover, the
color filter layer CF may further include a light shielding layer
BM correspondingly disposed among the color filter patterns,
such as the first color filter pattern F1 and the second color
filter pattern F2.

FIG. 1C through FIG. 1E respectively illustrate the color
shift of red, green and blue sub-pixels in large viewing angle
with respect to the liquid crystal display panel 100a of FIG.
1A and to a conventional liquid crystal display panel. The
included angles 61, 62, 63 (or 64, 05, 66, or 67, 68, 89) of the
stripe electrodes SE1, SE2, SE3 (or SE4~SE5+SE6, or SE7
»SE8>SE9) are gradually varied along the first direction D in
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the sub-pixels in large viewing angle can accordingly be
adjusted. Referring to FIG. 1C, owing to the single domain
design of sub-pixel regions, the chroma coordinate of the red
sub-pixel of the conventional display panel in large viewing
angle may shift from a chroma coordinate (represented as the
rhombus pattern) of a red color filter pattern to a chroma
coordinate (represented as the rectangular pattern) of a light
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blue color. In addition, referring to FIG. 1D, the chroma
coordinate of the green sub-pixel of the conventional display
panel in large viewing angle may shift from a chroma coor-
dinate (represented as the rhombus pattern) of a green color
filter pattern to a chroma coordinate (represented as the rect-
angular pattern) of a yellow color. And, referring to FIG. 1E,
the chroma coordinate of the blue sub-pixel of the conven-
tional display panel in large viewing angle may shift from a
chroma coordinate (represented as the rhombus pattern) of a
blue color filter pattern to a chroma coordinate (represented
as the rectangular pattern) of a light yellow color. However,
referring to FIG. 1C, to the liquid crystal display panel 1004
of the present embodiment as shown in FIG. 1B, the chroma
coordinate in large viewing angle of the red sub-pixel corre-
sponding to for example the sub-pixel region P1 may shift
from the chroma coordinate (represented as the rhombus
pattern) of the first (red) color filter pattern F1 to a chroma
coordinate (represented as the circular pattern) of a dark blue
color. In addition, referring to FIG. 1D, the chroma coordi-
nate in large viewing angle of the green sub-pixel correspond-
ing to for example the sub-pixel region P2 may shift from the
chroma coordinate (represented as the rhombus pattern) of
the second (green) color filter pattern F2 to a chroma coordi-
nate (represented as the circular pattern) of a blue color. And,
referring to FIG. 1E, the chroma coordinate in large viewing
angle of the blue sub-pixel corresponding to for example the
sub-pixel region P3 may shift from the chroma coordinate
(represented as the rhombus pattern) of the third (blue) color
filter pattern to a chroma coordinate (represented as the cir-
cular pattern) of a dark yellow color. Thereby, color shift can
be reduced in the present embodiment.

By gradually increasing or decreasing the included angles
(e.g. 61, 82, 83, or 64, 65, 66, or 67, 68, 689) of the stripe
electrodes (e.g. SE1, SE2, SE3, or SE4, SES, SE6, or SE7,
SE8, SE9) of the pixel electrodes PE1, PE2 or PE3 corre-
sponding to the color filter patterns (such as the first color
filter pattern F1, the second color filter pattern F2, or the third
color filter pattern) with the same interval along the first
direction D, color compensation to the pixel structure PS1,
PS2 or PS3 can be achieved, to effectively eliminate the color
shift in large viewing angle. Thereby, the liquid crystal dis-
play panel 1004 of the present embodiment can provide favor-
able display quality.

It should be mentioned that the reference numbers and
some of the descriptions in the previous embodiment are
applicable in the following embodiments. Identical or similar
components in the previous and following embodiments are
denoted by identical reference numbers, and the same
descriptions in the previous and following embodiments are
not reiterated herein. For a detailed description of this section,
reference can be found in the previous embodiments of the
invention; therefore, no further explanation is provided in the
following embodiment.

FIG. 2 is a schematic top view of a liquid crystal display
panel according to another embodiment of the present inven-
tion. Referring to FIG. 2, the liquid crystal display panel 1005
is similar to the liquid crystal display panel 100a of FIG. 1A,
except that: the variation trend of the included angles 04', 05'
and 66' of the stripe electrodes SE4', SES' and SE6' in the
sub-pixel region P2' is different from the variation trend of the
included angles 01, 62 and 03 of the stripe electrodes SE1,
SE2 and SE3 in the sub-pixel region P1.

In the sub-pixel regions P1 and P2' along the first direction
D, the variation trend of the included angles 01, 62 and 03 in
the sub-pixel region P1 is opposite to the included angles 64/,
05' and 06' in the sub-pixel region P2'. More specifically, the
included angles 81, 62 and 63 of the present embodiment are
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gradually decreased with the same interval, wherein the
included angles 61, 62 and 63 are respectively 170 degrees,
166 degrees and 162 degrees, for instance. The included
angles 64', 85" and 86' of the present embodiment are gradu-
ally increased with the same interval, wherein the included
angles 04', 05' and 06' are respectively 162 degrees, 166
degrees and 170 degrees, for instance. And, the included
angles 87, 88 and 89 of the present embodiment are gradually
decreased with the same interval, wherein the included angles
07, 68 and 09 are respectively 170 degrees, 166 degrees and
162 degrees, for instance. However, in another embodiment,
the included angles 61, 62 and 63 may be gradually increased
with the same interval, the included angles 64', 65' and 06'
may be gradually decreased with the same interval, and the
included angles 67, 68 and 69 may be gradually increased
with the same interval.

Furthermore, the outermost stripe electrode SE3 in the
sub-pixel region P1 is adjacent to the outermost stripe elec-
trode SE4' in the sub-pixel region P2', and the included angle
03 of the outermost stripe electrode SE3 in the sub-pixel
region P1 may be substantially equal to the included angle 64'
of the outermost stripe electrode SE4' in the sub-pixel region
P2'. Accordingly, the included angles 64', 65' and 06' may be
respectively identical with the included angles 63, 62 and 61.
The variation trend of the included angles 67, 68 and 09 is
substantially identical with that of the included angles 61, 682
and 63. And therefore, the variation trend from the included
angles 61, 62 and 63 in the sub-pixel region P1 to the included
angles 64', 85" and 86' in the sub-pixel region P2' is continu-
ous, and, the variation trend from the included angles 64, 65'
and 66’ in the sub-pixel region P2' to the included angles 67,
08 and 69 in the sub-pixel region P3 is continuous.

Since the variation trend of the included angles 81, 62 and
03 in the sub-pixel region P1 is opposite to the included
angles 84', 65' and 66' in the sub-pixel region P2', the area of
the sub-pixel region P1 is greater than the area of the sub-pixel
region P2'. An similarly, since the variation trend of the
included angles 67, 68 and 69 in the sub-pixel region P3 is
opposite to the included angles 04', 65' and 06' in the sub-
pixel region P2, the area of the sub-pixel region P3 is greater
than the area of the sub-pixel region P2". In other words, the
aperture ratio of the sub-pixel regions (e.g. the sub-pixel
regions P1, P2' and P3) are different. Therefore, pixels with
specific colors can be selectively arranged in those sub-pixel
regions with greater or smaller areas to adjust the display
effect according to the specifications of the liquid crystal
display panel.

FIG. 3 is a schematic top view of a liquid crystal display
panel according to further another embodiment of the present
invention. The liquid crystal display panel 100¢ of the present
embodiment is similar to the liquid crystal display panel 1005
illustrated in FIG. 2, except that: the liquid crystal display
panel 100¢ of the present embodiment includes a plurality of
common lines, forexample the common line 140c¢ electrically
connected to the common electrodes CM1, CM2 and CM3.
The common line 140¢ can be disposed above or below the
common electrodes CM1, CM2 and CM3, and electrically
connected to the common electrodes CM1, CM2 and CM3. In
addition, the common line 140c of the present embodiment is
located above the data lines DL1, DL2, DL3 and DL4. The
common line 140¢ is usually fabricated by using metal mate-
rial for conductivity. However, in other embodiments, the
common line 140c may comprise other conductive materials.
For example, the conductive materials may include an alloy,
metal oxide, other appropriate materials, or a layer in which a
metal material and other conductive materials are stacked
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together. Owing to the common line 140¢, the overall resis-
tance of the common electrodes CM1, CM2 and CM3 can be
reduced.

FIG. 4A is a schematic top view of a liquid crystal display
panel according to further another embodiment of the present
invention. FIG. 4B is a schematic cross-sectional view taken
along line IT-1Tin FIG. 4A. Referring to FIG. 4A and FIG. 4B,
the liquid crystal display panel 1004 of the present embodi-
ment is similar to the liquid crystal display panel 100¢ of FIG.
3, except that: the common line 1404 and the scan lines SL.1
and SI.2 ofthe liquid crystal display panel 1004 of the present
embodiment are belong to the same layer, and the liquid
crystal display panel 1004 further includes a plurality of
contact windows C, such as the two contact windows C inthe
sub-pixel region P1 and the sub-pixel region P3. With regard
to the area of the sub-pixel regions P1 and P3 being greater
than that of the sub-pixel region P2, the contact windows C
are respectively arranged in the sub-pixel regions P1 and P3 to
reduce the variation of aperture ratio caused by difference of
area between the sub-pixel regions P1, P2' and P3. By which,
the opaque contact windows C can decrease the light trans-
mitting area of the sub-pixel regions P1 and P3, and therefore
the aperture ratio of the sub-pixel regions P1 and P3 can be
adjusted to be substantially equal to the aperture ratio of the
sub-pixel region P2'. In addition, the common line 1404 is
disposed on the first substrate and extended along the first
direction D, wherein the contact windows C are coupled to the
corresponding common line 1404 and the common electrodes
CM1 and CM3, to reduce the overall resistance of the com-
mon electrodes CM1, CM2 and CM3.

FIG. 5 is a schematic top view of a pixel structure accord-
ing to an embodiment of the present invention. Referring to
FIG. 5, the pixel structure PS4 of the present embodiment is
similar to the pixel structure PS1 of FIG. 1A, except that: the
variation trend of the included angles 61", 62", 83", 64", 65",
66", 67", 68" and 69" of the stripe electrodes SE1", SE2",
SE3", SE4", SE5", SE6", SE7", SE8" and SE9" of the pixel
electrode PE1" in the sub-pixel region P4 of the present
embodiment are gradually decreased and gradually increased
along the first direction D, alternately. More specifically, the
included angles 61", 02", 03", 04", 05", 06", 07", 68" and 69"
in the sub-pixel region P4 of the pixel structure PS4 is gradu-
ally decreased and gradually increased, repeatedly. For
example, the included angles 61", 62", 63", 64", 65", 66",
67", 68" and 69" are respectively 170 degrees, 166 degrees,
162 degrees, 162 degrees, 166 degrees, 170 degrees, 170
degrees, 166 degrees and 162 degrees. As illustrated in the
aforementioned embodiment, the included angles of the out-
ermost stripe electrodes of two adjacent sub-pixels can be
identical with each other, such that the variation trend of the
included angles from one sub-pixel region to another is con-
tinuous. Besides, the common electrode CM has an operning
0, such that the contact window C is not in electrical contact
with the common electrode CM.

In summary, the stripe electrodes of the pixel electrodes of
the present invention are provided with the included angles
gradually decreased or increased along the first direction so as
to perform color compensation to the pixel structures for
reducing color shift in large viewing angle. Thereby, the
liquid crystal display panel of the present embodiment can
provide favorable display quality. Furthermore, the common
line can be selectively provided in the present invention to
reduce the overall resistance of the common electrodes. The
color filter patterns with different colors can be respectively
arranged in specific sub-pixel regions with different areas, to
adjust the display effect of the liquid crystal display panel. For
example, the green color filter pattern can be arranged in a
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large sub-pixel region. In addition, the aperture ratio of the
sub-pixel region can further be adjusted by arranging contact
windows of common lines therein, whereby the aperture
ratios of two adjacent sub-pixels can be identical with each
other.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of the
invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this invention
provided they fall within the scope of the following claims
and their equivalents.

What is claimed is:

1. A liquid crystal display panel comprising:

a first substrate;

a plurality of scan lines disposed on the first substrate and
extending along a first direction;

a plurality of data lines disposed on the first substrate and
intersected with the scan lines to define a plurality of
sub-pixel regions on the first substrate;

aplurality of active devices disposed on the first substrate
and coupled to the scan lines and the data lines corre-
spondingly; wherein the plurality of sub-pixel regions
comprises a first sub-pixel region and a second sub-pixel
region adjacent to each other, and the first sub-pixel
region and the second sub-pixel region are arranged
along the first direction, are separated from each other,
and are corresponding to different active devices;

a plurality of pixel electrodes respectively disposed in the
sub-pixel regions and coupled to the corresponding
active devices;

a plurality of common electrodes respectively disposed
corresponding to the pixel electrodes, wherein each of
the plurality of common electrodes or each of the plu-
rality of pixel electrodes comprises a plurality of stripe
electrodes arranged side by side, each of the plurality of
stripe electrodes comprises a first section and a second
section respectively disposed on two opposite sides of a
reference axis along the first direction, a major axis of
the first section forms an included angle with a major
axis of the second section, and the included angles of the
stripe electrodes in each of the plurality of sub-pixel
regions are gradually varied with the same interval along
the first direction, and wherein the plurality of data lines
comprise a first data line corresponding to the first sub-
pixel region and a second data line corresponding to the
second sub-pixel region, the first data line and the sec-
ond data line respectively comprise a first section and a
second section respectively disposed on two opposite
sides of'the reference axis, the first data line comprises a
first angle formed by a major axis of the first section of
the first data line and a major axis of the second section
of the first data line, the second data line comprises a
second angle formed by a major axis of the first section
of the second data line and a major axis of the second
section of the second data line, and the first angle and the
second angle are different;

a second substrate; and

a liquid crystal layer disposed between the first substrate
and the second substrate.

2. The liquid crystal display panel of claim 1, wherein a
variation trend of the included angles in the first sub-pixel
region is opposite to a variation trend of the included angles in
the second sub-pixel region.
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3. The liquid crystal display panel of claim 2, wherein an
outermost stripe electrode in the first sub-pixel region is adja-
cent to an outermost stripe electrode in the second sub-pixel
region, and the included angle of the outermost stripe elec-
trode in the first sub-pixel region is substantially equal to the
included angle of the outermost stripe electrode in the second
sub-pixel region.

4. The liquid crystal display panel of claim 2, wherein an
area of the first sub-pixel region is greater than an area of the
second sub-pixel region, and the liquid crystal display panel
is provided with a contact window located in the first sub-
pixel region.

5. The liquid crystal display panel of claim 4, wherein the
aperture ratio of the first sub-pixel region is substantially
equal to the aperture ratio of the second sub-pixel region.

6. The liquid crystal display panel of claim 4, further com-
prising a plurality of common lines disposed on the first
substrate and extending along the first direction, wherein the
contact window is coupled between the corresponding com-
mon line and the corresponding common electrode.

7. The liquid crystal display panel of claim 1, further com-
prising a plurality of common lines electrically connected to
the common electrodes.

8. The liquid crystal display panel of claim 1, wherein the
included angles in each of the plurality of sub-pixels are
gradually decreased along the first direction.

9. The liquid crystal display panel of claim 1, wherein the
included angles in each of the plurality of sub-pixels are
gradually decreased and gradually increased along the first
direction, alternately.

10. The liquid crystal display panel of claim 1, wherein the
reference axis is substantially parallel to the first direction.

11. A pixel structure comprising:

a substrate;

ascan line disposed on the substrate and extending along a

first direction;

a data line disposed on the substrate and intersected with

the scanline to define a sub-pixel region on the substrate;
an active device disposed on the substrate and coupled to
the scan line and the data line;

apixel electrode disposed in the sub-pixel region and elec-

trically connected to the active device; and

a common electrode disposed corresponding to the pixel

electrode, wherein one of the common electrode and the
pixel electrode comprises a plurality of stripe electrodes
arranged side by side, each of the plurality of stripe
electrodes comprises a first section and a second section
respectively disposed on two opposite sides of a refer-
ence axis, a major axis of the first section forms an
included angle with a major axis of the second section,
and the included angles of the stripe electrodes are
gradually varied with the same interval along the first
direction, and wherein each of the included angles of the
stripe electrodes in the sub-pixel region is different.

12. The pixel structure of claim 11, wherein the included
angles are gradually increased along the first direction.

13. The pixel structure of claim 11, wherein the included
angles are gradually increased and gradually decreased along
the first direction, alternately.

14. The pixel structure of claim 11, wherein the reference
axis is substantially parallel to the first direction.

15. The liquid crystal display panel of claim 1, wherein
each of the included angles of the stripe electrodes in each of
the sub-pixel region is different.

* ok %k



patsnap

TRBER) HEE RERFGEEN
DFH(RE)S Us9007555 NIF(AEH)A 2015-04-14
HiES US13/537045 FiEH 2012-06-28

FRIRB(EFR)AGE) BXR
STIRSHIHE
MBEMT

RF(EFR)AGE) ®,XR
DERAN - =3
=

HARBEEAR)AGE) KREXBRHBRLE

[FRIKBAA CHANG WEN ZONG
FAN JIANG SHIH CHYUAN
CHENG HSIAO WEI

REBEA CHANG, WEN-ZONG
FAN-JIANG, SHIH-CHYUAN
CHENG, HSIAO-WEI

IPCH%ES G02F1/1343 G02F1/1362 HO1L27/15
CPCH¥%F GO02F1/134363 GO02F1/1362 HO1L27/15 GO2F2001/134372
L HE 101110786 2012-03-28 TW
H {23 FF 3R US20130257700A1
SNEBEEE Espacenet USPTO
N Pt pz Ps
RMEGF) o P %, : JE AT
—MREBETEAR , BEE-ER , RE-SRERNARE KR VA @I . L
%, BREM , GRER, ARER, FERNERE. BRERS ;§I§f ArUE ?§
IR B T REX AP HBA TN MO EREE. LSRRI BNET N e .«‘l\\h g§
BEEHEE. SRS MREDRIE A BOSIRE - Mol =)
- o 54

Bk, SNMFHERBFESHNREESEMOFH VAR LE— B2 a1—N N\ N
AH=H5 , R HSNKRSE N OEMERRA, §4F [T \\\ \\\ \ N
BEXEF KT BB AN E—HEENE., HRREEES— : AN " "ﬁ"'
ERME - ERZE, L] 171N TR Jars

® 22— §. § ?

§ ; .-

8

—— —y

7

|l 1
AT
T2
-E"'ﬂ
\‘ 7

=7
e

[ i i g



https://share-analytics.zhihuiya.com/view/84a8c09e-fd9e-43aa-9e98-820d944f7c95
https://worldwide.espacenet.com/patent/search/family/047123739/publication/US9007555B2?q=US9007555B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9007555.PN.&OS=PN/9007555&RS=PN/9007555

