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data line and electrically insulated from the data line. The
second sub-pixel includes a second thin film transistor and a
second pixel electrode. The second pixel electrode is electri-
cally connected to the second TFT, and the second TFT is
electrically connected to the coupling electrode. When seeing
an image from a slant direction, color shift of image can be
solved by utilizing the pixel structure. Besides, a liquid crys-
tal display panel having the described pixel structure is also
provided.
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FIG. 1 (PRIOR ART)
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PIXEL STRUCTURE AND LIQUID CRYSTAL
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Chi-
nese application serial no. 200610172819.1, filed on Dec. 28,
2006. 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

[0002] 1. Field of the Invention

[0003] The present invention generally relates to a pixel
structure and a liquid crystal display panel having the pixel
structure, in particular, to a liquid crystal display panel and a
pixel structure thereof, which can alleviate color shift of
image.

[0004] 2. Description of Related Art

[0005] The thin film transistor liquid crystal display (TFT-
LCD) is becoming the mainstream in the display market
because of its superior characteristics, such as high image
quality, high space utilizing efficiency, low power consump-
tion and no radiation etc.. Recently, high contrast ratio, fast
response time and wide viewing angle are the major demands.
In order to reach the achievement, a multi-domain vertically
alignment (MVA) TFT-LCD is proposed.

[0006] FIG.1isaschematic, cross-sectional view showing
a conventional MVA TFT-LCD. Referring to FIG. 1, the
liquid crystal display panel 100 includes a thin film transistor
array substrate 110, a color filter substrate 120 and a liquid
crystal layer 130. By means of the protrusions 140 or slit
patterns (not shown) formed on the thin film transistor array
substrate 110 and the color filter substrate 120, when an
electric field is applied between the substrates 110 and 120,
the liquid crystal molecules 132 in the liquid crystal layer 130
are rearranged along different orientations to thereby define a
four-domain (4 domain) distribution and thus achieve the
effect of the wide viewing angle.

[0007] Although the MVA TFT-LCD or a horizontal align-
ment TFT-LCD can achieve the purpose of the wide viewing
angle, users still encounter color washout when viewing an
image thereon from different viewing angles.

[0008] FIG. 2 shows gamma (y) curves of a conventional
MVA TFT-LCD in different viewing angles (8), (¢=0). Refer-
ring to FIG. 2, the ordinate represents the brightness, and the
abscissa represents the gray level. As shown in FIG. 2, the
larger viewing angle, the worse distortion of the gamma
curve, that is, the color shift of image becomes aggravating.
The color shift occurs in a large viewing angle when the
middle and the low gray level has a higher brightness. There-
fore, an efficient method for solving the color shift ofimage is
to decrease the brightness of the middle and the low gray
level. The US patent publication No. 2005/0030439 discloses
a design of dividing a pixel into two sub-pixels.

[0009] FIG. 3 is a schematic, the top view showing a con-
ventional thin film transistor array substrate. Referring to
FIG. 3, a first pixel electrode 190a and a second pixel elec-
trode 1904 are located in a left region and a right region of a
pixel structure 190, respectively. The first pixel electrode
1904q is electrically connected to a drain 175 via a contact hole
181. The drain 175 extends underneath to the second pixel
electrode 1905. A voltage applied to the second pixel elec-
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trode 1905 undergoes a voltage drop by the capacitance cou-
pling effect, thus the voltage applied to the second pixel
electrode 1905 is smaller than that applied to the first pixel
electrode 190a. Thereby, the region of the second pixel elec-
trode 1905 is darker than that of the conventional one in the
middle and the low gray level, while the brightness of the
region of the first pixel electrode 190a is similar to that of the
second pixel electrode 1905. Therefore, the pixel structure
190 can solve the problem of color shift of image in a large
viewing angle.

[0010] However, complying with the optimistic response
time and the transmittance of various panels with different
scales and resolutions, the gap between the protrusions or slits
is limited, and the adjustment for the area ratio of the first
pixel electrode 190a to the second electrode 1905 is accord-
ingly restricted.

[0011] In addition, the pixel structure 190 corresponds to
the same thin film transistor; the voltage applied to the first
pixel electrode 190a and the second pixel electrode 1905
respectively are different, which aggravates the flicker phe-
nomenon of the frame.

[0012] FIG. 4 is a schematic, the top view showing a color
filter substrate corresponding to the thin film transistor array
substrate in FIG. 3. Referring to FIG. 3 and FIG. 4, the drain
175 is opaque as being made of metal. In order to avoid the
aperture ratio of the pixel structure 190 is decreased; the drain
175 must be disposed corresponding to the protrusion 272, as
shown in F1G. 4. However, if an assembly shift occurs in the
fabrication of the panel, wherein the drain 175 is not exactly
corresponding to the protrusion 272, the aperture ratio of the
panel is affected due to the exposure of the drain 175.

SUMMARY OF THE INVENTION

[0013] According to the present invention is directed to a
pixel structure, a liquid crystal display panel using the pixel
structure can eliminate the problem of color shift, make it
easy to adjustthe area ratio of sub-pixels, and avoid the flicker
phenomenon of frame and the loss of aperture ratio.

[0014] The present invention is directed to a liquid crystal
display panel capable of eliminating the problem of color
shift, easy to adjust the area ratio of sub-pixels and preventing
the flicker phenomenon of frame and the loss of aperture
ratio.

[0015] The present invention provides a pixel structure.
The pixel structure includes a scan line, a data line, a first
sub-pixel, a coupling electrode and a second sub-pixel. The
first sub-pixel includes a first thin film transistor and a first
pixel electrode, the first pixel electrode is electrically con-
nected to the scan line and the data line via the first thin film
transistor. The coupling electrode is disposed over the data
line and is electrically insulated from the data line. The sec-
ond sub-pixel includes a second thin film transistor and a
second pixel electrode, the second pixel electrode is electri-
cally connected to the second thin film transistor and the
second thin film transistor is electrically connected to the
coupling electrode.

[0016] According to an embodiment of the present inven-
tion, the first thin film transistor has a first width-to-length
ratio of channel, the second thin film transistor has a second
width-to-length ratio of channel, and the first width-to-length
ratio is substantially equal to the second width-to-length ratio.
[0017] According to an embodiment of the present inven-
tion, an area ratio of the first sub-pixel to the second sub-pixel
is in the range from 1:1 to 1:2.
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[0018] According to an embodiment of the present inven-
tion, the first pixel electrode and the second pixel electrode
include an alignment slit pattern.

[0019] According to an embodiment of the present inven-
tion, the pixel structure further comprises an alignment pro-
trusion pattern formed on the first pixel electrode and the
second pixel electrode.

[0020] According to an embodiment of the present inven-
tion, the pixel structure further comprises a common elec-
trode disposed below the first pixel electrode and the second
pixel electrode.

[0021] According to an embodiment of the present inven-
tion, the material of the coupling electrode comprises a trans-
parent conductive material.

[0022] According to an embodiment of the present inven-
tion, a liquid crystal display panel is provided. The liquid
crystal display panel includes a thin film transistor array
substrate, acolor filter substrate and a liquid crystal layer. The
thin film transistor array substrate has a plurality of pixel
structures, wherein each of the pixel structures includes a
scan line, a data line, a first sub-pixel, a coupling electrode
and a second sub-pixel. The first sub-pixel includes a first thin
film transistor and a first pixel electrode, wherein the first
pixel electrode is electrically connected to the scan line and
the data line via the first thin film transistor. The coupling
electrode is disposed over the data line, and is electrically
insulated from the data line. The second sub-pixel includes a
second thin film transistor and a second pixel electrode, the
second pixel electrode is electrically connected to the second
thin film transistor, and the second thin film transistor is
electrically connected to the coupling electrode. The color
filter substrate is disposed opposite to the thin film transistor
array substrate. The liquid crystal layer is interposed between
the thin film transistor array substrate and the color filter
substrate.

[0023] According to an embodiment of the present inven-
tion, the first thin film transistor has a first width-to-length
ratio of channel, the second thin film transistor has a second
width-to-length ratio of channel, and the first width-to-length
ratio is substantially equal to the second width-to-length ratio.
[0024] According to an embodiment of the present inven-
tion, an area ratio of the first sub-pixel to the second sub-pixel
is in the range from 1:1to 1:2.

[0025] According to an embodiment of the present inven-
tion, the first pixel electrode and the second pixel electrode of
the pixel structure include an alignment slit pattern.

[0026] According to an embodiment of the present inven-
tion, the thin film transistor array substrate further comprises
an alignment protrusion pattern formed on the first pixel
electrode and the second pixel electrode.

[0027] According to an embodiment of the present inven-
tion, the color filter substrate further comprises an alignment
protrusion pattern formed thereon.

[0028] According to an embodiment of the present inven-
tion, the color filter substrate further comprises an alignment
slit pattern formed thereon.

[0029] According to an embodiment of the present inven-
tion, each pixel structure further comprises a common elec-
trode formed below the first pixel electrode and the second
pixel electrode.

[0030] According to an embodiment of the present inven-
tion, the color filter substrate further comprises a common
electrode layer.
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[0031] According to an embodiment of the present inven-
tion, the material of the coupling electrode comprises a trans-
parent conductive material.

[0032] The first sub-pixel and the second sub-pixel are
formed in a single pixel structure, and the voltage applied to
the second sub-pixel is different from the voltage applied to
the first sub-pixel by utilizing the capacitance coupling effect
between the coupling electrode and the data line. In such way,
different electric fields are generated in a single pixel struc-
ture to make the liquid crystal molecules alignment along
different directions in the single pixel structure. Therefore,
the color shift of image can be alleviated.

[0033] Moreover, because the coupling electrode is dis-
posed over the data line, the problem of the loss of aperture
ratio due to the assembly shift during the fabrication of the
liquid crystal display panel can be effectively prevented. Fur-
thermore, the area ratio of the first sub-pixel to the second
sub-pixel in the pixel structure can be easily adjusted and the
flicker phenomenon of frame is eliminated.

[0034] These and other exemplary embodiments, features,
aspects, and advantages of the present invention described
will be more apparent from the detailed description with
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1is a schematic, showing of a cross sectional
view of the conventional Multi-domain Vertically Alignment
Liquid Crystal Display.

[0036] FIG. 2 is a chart showing the gamma curves of the
conventional MVA TFT-LCD in different view angles (6),
©=0).

[0037] FIG. 3 is a schematic, top view showing a conven-
tional thin film transistor array substrate.

[0038] FIG. 4is a schematic, top view showing a color filter
substrate corresponding to the thin film transistor array sub-
strate in FIG. 3.

[0039] FIG. 5A is a schematic, top view showing a pixel
structure according to an embodiment of the present inven-
tion.

[0040] FIG. 5B is a schematic, cross-sectional view taken
along the line A-A' of FIG. 5A.

[0041] FIG. 5C is a view showing an equivalent circuit of
the pixel structure in FIG. 5A.

[0042] FIG. 6 is a schematic view showing a user seeing a
panel.
[0043] FIG. 7 is a view showing the gamma curves of a

liquid crystal display panel having the pixel structure shown
in FIG. 5A in the slant directions (0, ¢)=(60°, 0°), with dif-
ferent ratios of C_, to (Cy,+C, ).

[0044] FIG. 8A is a schematic view showing the relation
between the ratio of C,, to (C,,+C, ) and the value of D.
[0045] FIG. 8B is a schematic view showing the relation
between the ratio of C,,, to (C,,+C, ) and the value of bright-
ness.

[0046] FIG. 9 is a schematic, top view showing another
pixel structure according to an embodiment of the present
invention.

[0047] FIG. 10 is a view showing the gamma curves of a
liquid crystal display panel having the pixel structure shown
in FIG. 9 in the slant directions (6, $)=(60°,0°), with different
ratios of C_, 10 (C,+C ).

[0048] FIG. 11A is a schematic view showing the relation
between the ratio of C_, to (C,,+C, ) and the value of D.
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[0049] FIG. 11B is a schematic view showing the relation
between the ratio of C,, to (C»,+C, ;) and the value of the
brightness.

[0050] FIG. 12 is a schematic view showing a liquid crystal
display panel according to an embodiment of the present
invention.

DESCRIPTION OF THE EMBODIMENTS

[0051] Reference will now be made in detail to the pre-
ferred present embodiments of the invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers are used in the
drawings and the description is referred to the same or like
parts.

[0052] FIG.5A isa schematic, top view of a pixel structure
according to an embodiment of the present invention. Refer-
ring to FIG. 5A, the pixel structure 300 includes a scan line
310, adataline 320, a first sub-pixel 330, a coupling electrode
340 and a second sub-pixel 350. The first sub-pixel 330
includes a first thin film transistor 332 and a first pixel elec-
trode 334, and the first pixel electrode 334 is electrically
connected to the scan line 310 and the data line 320 via the
first thin film transistor 332. The coupling electrode 340 is
disposed above the data line 340 and electrically insulated
from the data line 320. The second sub-pixel 350 includes a
second thin film transistor 352 and a second pixel electrode
354. The second pixel electrode 354 is electrically connected
to the second thin film transistor 352, and the second thin film
transistor 352 is electrically connected to the coupling elec-
trode 340.

[0053] In this embodiment, the scan line 310 and the data
line 320 are disposed on a substrate 380. The first thin film
transistor 332 of the first sub-pixel 330 and the second thin
film transistor 352 of the second sub-pixel 350 are both
formed on the scan line 310 and use a portion of the scan line
310 as their gates. Alternatively, in another embodiment of
the present invention, the first thin film transistor 332 and the
second thin film transistor 352 disposed on the gate pattern
(not shown) are adopted, and the gate pattern is electrically
connected to the scan line 310.

[0054] Furthermore, the first thin film transistor 332
includes a gate (a portion of the scan line 310), a channel layer
332a, asource 3325 and a drain 332¢. The channel layer 3324
is form on a gate insulating layer 360 (shown in FIG. 5B)
covered on the gate, and the source 3325 and the drain 332¢
are formed on the channel layer 332¢. The second thin film
transistor 352, which has a similar structure to that of the first
thin film transistor 332, includes a gate (thatis a portion of the
scan line 310), achannel layer 352a, a source 352band a drain
352¢. Because the detailed structure of the first thin film
transistor 332 and the second thin film transistor 352 can be
known and properly changed by those skilled in the art, tra-
ditional description is not provided here.

[0055] Please refer to FIG. SA again, the first pixel elec-
trode 334 and the second pixel electrode 354 may have align-
ment patterns 334¢ and 3544 formed thereon. In one embodi-
ment of the present invention, the alignment patterns 334a
and 354a, for example alignment slit patterns, can be formed
on the first pixel electrode 334 and the second pixel electrode
354. In another embodiment of the present invention, the
alignment patterns 334a and 354a, for example alignment
protrusion patterns, can be formed on the first pixel electrode
334 and the second pixel electrode 354. The liquid crystal
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display panel having the pixel structure 300 then has a wide
viewing angle by means of setting the alignment patterns
3344 and 354a.

[0056] Furthermore, the pixel structure 300 can also
include common electrodes 370a and 3705 formed on the first
pixel electrode 334 and the second pixel electrode 354,
respectively. In this way, the common electrodes 370a, 3705
define a storage capacitance with the first pixel electrode 334
and the second pixel electrode 354, respectively, so that volt-
ages applied to the first pixel electrode 334 and the second
pixel electrode 354 can be maintained for a period of time.
Additionally, the first pixel electrode 334, the second pixel
electrode 354 and the coupling electrode 340 can be made of
transparent conductive materials, such as indium tin oxide
(ITO), indium zinc oxide (IZO) or other suitable materials.
[0057] Itis noted that, as shown in FIG. 5A, the second thin
film transistor 352 is electrically connected to the coupling
electrode 340 disposed over the data line 320, so that the
voltage applied to the first pixel electrode 334 and the second
pixel electrode 354 are difference.

[0058] FIG. 5B is a schematic, cross-sectional view taken
along the line A-A' of FIG. 5A. Please refer to FIGS. 5A and
5B, a data voltage from the data line 320 is directly applied to
the first pixel electrode 334 through the first thin film transis-
tor 332, and the voltage applied to the second pixel electrode
354 is a voltage less than the data voltage, which is produced
with the capacitance coupling effect.

[0059] In more detail, the source 3526 of the second thin
film transistor 352 formed on the second pixel 350 can be
electrically connected to the coupling electrode 340 via the
contact hole 364 formed in the protection layer 362. Because
the coupling electrode 340 is disposed over the data line 320,
when applying a data voltage to the data line 320, a voltage
less than the data voltage is produced due to the capacitance
coupling effect between the data line 320 and the coupling
electrode 340. And then, the voltage is applied to the second
pixel electrode 354 via the second thin film transistor 352.
[0060] As mentioned above, the liquid crystal display panel
having the pixel structure 300 can use the same data voltage to
generate different electric fields in the area of the first pixel
electrode 334 and the area of the second pixel electrode 354.
So that the liquid crystal molecules (not shown) in the area of
the first pixel electrode 334 and the liquid crystal molecules
(not shown) in the area of the second pixel electrode 354 tilt
along different directions in such a way that eight domain
distribution (8 domain) effect can be achieved in the pixel
structure 300. By this means, the area of the second pixel
electrode 354 is darker in the middle gray level and the low
gray level, while the areas of the first pixel electrode 334 and
the second pixel electrode 354 have a similar luminance in the
high gray level. As aresult, the problem of color shift of image
can be alleviated when viewing an image on the liquid crystal
display panel from a large slant direction.

[0061] Particularly, the coupling electrode 340 is disposed
over the opaque data line 320. Compared with the prior art in
the FIG. 3 and FIG. 4, the problem that the coupling electrode
340 is exposed from the pixel area because of the bad assem-
bly accuracy when assembling the liquid crystal display panel
having the pixel structure 300 can be solved. Therefore, the
loss of aperture ratio of the liquid crystal display panel having
the pixel structure 300 can be prevented.

[0062] Moreover, because the coupling electrode 340 is
disposed over the data line 320, the coupling capacitance
formed between the data line 320 and the common electrode
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layer 280 (shown in FIG. 12) located on the color filter sub-
strate 620 (shown in FIG. 12) can be reduced. Therefore, the
pixel structure 300 facilitate to decrease the occurrence of
crosstalk, and the dark fringe at the edges of the first pixel
electrode 334 and the second pixel electrode 354 caused by
the interference of the electric field of the data line 320 is
alleviated.

[0063] Please refer to FIG. 5A again, the first thin film
transistor 332 may have a first ratio of channel width to
channel length W1/L1, the second thin film transistor 352
may have a second ratio of channel width to channel length
W2/1.2, and the first ratio of W1/L1 is almost equal to the
second ratio of W2/L.2.

[0064] That is to say, the frame voltage difference between
the first sub-pixel 330 and the second sub-pixel 350 can be
reduced by means of adjusting the first ratio of W1/L.1 and the
second ratio of W2/1.2, to thereby prevent the flicker phenom-
enon of frame.

[0065] Table 1 shows the result that reducing the difference
of frame voltage by adjusting the ratio of W/L of thin film
transistor.

TABLE 1

channel width W
of thin film transistor (Lm)

difference of
frame voltage (mV)

the first sub-pixel ~ the second sub-pixel 1255 L127
14.70 13.70 10 30
14.70 14.45 10 4

[0066] Please refer to Table 1 and FIG. 5A, when the chan-
nel width W2 of the second thin film transistor 352 in the
second sub-pixel 350 is 13.70 um, the second sub-pixel 350
then has an enough charging ability. However, the difference
of frame voltage in the middle gray level L127 is highly equal
to 30 mV, so that the phenomenon of flicker and image stick-
ing appears. Accordingly, by adjusting the channel width W2
of the second thin film transistor 352 to 14.45 um, the differ-
ence of frame voltage is reduced to 4 mV, so as to the problem
of flicker and image sticking.

[0067] FIG. 5C is a view showing the equivalent circuit of
the pixel structure in FIG. 5A. Please refer to FIG. 5A and
FIG. 5C, capacitances C;; and C,, are formed in the first
sub-pixel 330, the capacitance C,, is formed by the first pixel
electrode 334 being electrically coupled with the common
electrode 370q, the capacitance C,, is formed by the first
pixel electrode 334 being electrically coupled with the com-
mon electrode layer 628 (shown in FIG. 12) formed on the
color filter substrate 620 (shown in FIG. 12) to which the first
pixel electrode 334 faces.

[0068] Furthermore, the capacitances suchas C5, C, ,,C,,
and C_, ., are formed in the second sub-pixel 350. The
capacitance C_, is formed by the electrical couple of the
second pixel electrode 354 and the common electrode 3705.
The capacitance C, _, is formed by the electrical couple of the
second pixel electrode 354 and the common electrode layer
628, the common electrode layer 628 (shown in FIG. 12) is
disposed on the color filter substrate 620 (shown in FIG. 12)
facing to the second pixel electrode 354. The capacitance C_
is formed by the electrical couple of the data line 320 and the
coupling electrode 340. The capacitance C_,__,,, is formed
by the electrical couple of the coupling electrode 340 and the
common electrode layer 628 (shown in FIG. 12), the common
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electrode layer 628 is disposed on the color filter substrate
620 (shown in FIG. 12) facing to the second pixel electrode
354. As shown in FIG. 5C, through the capacitance coupling
effect. the voltage applied to the second sub-pixel 350 is
different from the voltage applied to the first sub-pixel 330. In
addition, the color shift of image can be prevented by chang-
ing the ratio of C,, to (C,,+C, ,) in the second sub-pixel 350.
[0069] Generally, the color shift of image caused by view-
ing an image from a slant direction is evaluated by the fol-
lowing formula (1):

|AB; jion axis) = AB jiof axis)| (0
|ABi,j(on axix)l

Do, ¢)=
i,j=0~255

D(8, ¢) is an evaluation value representing improvement
degree of color shift; ABi,j is a difference of brightness of any
two gray levels, wherein ABij,,, ..., i obtained at right view,
while AB1,j,¢ s 18 Obtained at slant view. 0 is an included
angle between the viewing line 410 and the normal line 420
perpendicular to the panel, ¢ is an included angle between the
projection line of the viewing line 410 on the panel and the
center horizontal line of the panel, as shown in FIG. 6 which
is a schematic view showing a user viewing a panel.

[0070] As the value of D getting smaller, the improvement
of the color shift of image is more conspicuous. Generally
speaking, an MVA liquid crystal display without the design of
eight domains of the present invention has a D value of 0.92
indicating a serious color shift of image. However, by chang-
ing the ratio of Cypto (C,,+C, ;) of the second sub-pixel 350,
the value of D is adjustable.

[0071] FIG. 7 is a view showing the gamma curves of a
liquid crystal display panel having the pixel structure shown
in FIG. 5A at a slant viewing directions (8, ¢)=(60°, 0°), with
differentratios of C_, to (C,,+C, ). Pleaserefer to F1G. 7, the
ordinate represents brightness, the abscissa represents gray
level, and the ratios of C_, to (C,,+C, ) are 1.6, 1.4 and 1.2
respectively. As shown in FIG. 7, the distortion of the gamma
curve of the conventional four-domain (4-D) distribution is
very serious, that is the color shift of image is aggravating.
However, when the ratio of C_, to (C,,+C,,) is adjusted to
1.6:1, D has a minimum value of 0.46, and the gamma curve
is modified to alleviate the color shift of image at a slant
viewing angle.

[0072] However, when changing the ratio of C_, to (Cj,+
C,.»), the requirement of brightness is also needed to be
considered. That is, in order to improve the color shift, the
ratio of C_, to (C,,+C, ) is generally decreased to make the
value of D decrease. At the same time, the brightness is
decreased, which leads to the insufficiency of brightness. On
the contrary, in order to increase the brightness by means of
increasing the ratio of C_, to (C,+C,,,), the value of D is
increased accordingly, which makes the color shift of image
become serious.

[0073] FIG. 8A is a schematic view illustrating the relation
betweentheratio of C , t0 (C,+C, ) and the value of D. FIG.
8B is a schematic view illustrating the relation between the
ratio of C , 10 (Cy,#+C, ;) and the value of brightness. Take the
simulation on a television (TV) panel as an example, as
shown in FIG. 8A and FIG. 8B, when the ratio of C,, to
(C,,+C, ) 1s adjusted to 2.3:1, D is about 0.51, and the
brightness can be increased to 420 nits. Moreover, an dual
brightness enhancement film (DBEF) can be used to increase
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the brightness to 550 nits, so as to meet the requirement of
alleviating the color shift of image as well as providing suit-
able brightness.

[0074] FIG. 9 is a schematic, top view of a pixel structure
according to a preferred embodiment of the present invention.
Referring to FIG. 9, since the pixel structure 500 is similar to
the pixel structure 300 shown in FIG. 5A, similar elements are
referred to the same reference numbers in the specification.
The difference between the pixel structure 300 in FIG. 5A and
the pixel structure 500 in FIG. 9 is that: in the pixel structure
500 shown in FIG. 9, the area of the first sub-pixel 330 is
smaller than that of the second sub-pixel 350.

[0075] In more detail, as shown in FIG. 5A and F1G. 9, the
area ratio of the first sub-pixel 330 to the second sub-pixel 350
may be in the range from 1:1 to 1:2. The color shift of image
can be further alleviated in the same brightness condition, by
means of adjusting the area ratio of the first sub-pixel 330 to
the second sub-pixel 350. Referring to F1G. 9 again, when the
arearatio of the first sub-pixel 330 to the second sub-pixel 350
is 1:2, containment for the gamma curve in the middle gray
level and the low gray level can be enhanced, so as to further
alleviate the color shift of image.

[0076] FIG.10 is a view showing the gamma curves of the
liquid crystal display panel having the pixel structure shown
in FIG. 9 in the slant directions (6, ¢)=(60°, 0°), with different
ratios of C,, to (Ci,+C, ). Referring to FIG. 10, the ordinate
represents brightness, the abscissa represents gray level, and
the ratios of C, to (C,+C, ;) are 1.6, 1.4 and 1.2 respec-
tively. As shown in FIG. 10, the value of D can be changed by
modifying the ratio of C,,, to (Cy,+C, ;). Compared with the
gamma curve of the conventional four-domain (4-D) distri-
bution, the gamma curve of the liquid crystal display panel
having the pixel structure 500 can be modified to eliminate
the color shift of image.

[0077] FIG. 11 is a schematic view illustrating the relation
betweenthe ratio of C,, to (C,,+C, ,) and the value of D. FIG.
11B is schematic view illustrating the relation between the
C 10 (C,,+C, ) and the brightness. Take the simulation on a
TV panel as an example, as shown in FIG. 11A and FIG. 11B,
when the ratio of C,,, to (C,+C, ) is adjusted to 1.6:1, D has
the minimum value of about 0.36. Though the color shift of
image is alleviated, the brightness is still slightly insufficient
by having the value of only 290 nit. Thus, the ratio of C_, to
(C,,+C,») can be adjusted to 2.3:1, and the value of D is
about 0.52. At this time, though the color shift of image is
slightly aggravated, the brightness can be increased to 400
nits. If the DBEF is used at the same time, the brightness can
be further increased to 520 nits so as to meet the requirement
of alleviating the color shift of image as well as providing a
suitable brightness. As can be seen from the above data,
through adjusting the area ratio, the value of D can be smaller
in the same brightness, so that the color shift of image can be
alleviated.

[0078] FIG.12 is aschematic view showing a liquid crystal
display panel according to an embodiment of the present
invention. The liquid crystal display panel 600 includes a thin
film transistor array substrate 610, a color filter substrate 620
and a liquid crystal layer 630. The thin film transistor 610 has
a plurality of pixel structure 612, each pixel structure 612, for
example, can be the pixel structure 300 in FIG. 5A or the pixel
structure 500 in the FIG. 9, and the relative descriptions are
not repeated again. The color filter substrate 620 is disposed
facing the thin film transistor array substrate 610. The liquid
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crystal layer 630 is interposed between the thin film transistor
array substrate 610 and the color filter substrate 620.

[0079] As shown in FIG. 5A, it is noted that the voltage
applied to the second sub-pixel 350 and the voltage applied to
the first sub-pixel 330 can be made different by utilizing the
capacitance coupling effect of the coupling electrode 340 and
the data line 320. Thus, eight-domain (8-D) distribution effect
can be achieved in the pixel structure 300. By this means, the
second sub-pixel 350 is darker in the middle gray level and the
low gray level, while the first sub-pixel 330 and the second
sub-pixel 350 have similar luminance in the high gray level.
As a result, when seeing an image from a slant direction, the
color shift of image can be alleviated.

[0080] Referring to FIG. 12 again, the color filter substrate
620 includes a substrate 622, a black matrix 624, a color filter
layer 626 disposed on the substrate 622, and a common elec-
trode layer 628. The color filter layer 626, for example, is
consisted of filter patterns of red color, green color and blue
color. The black matrix 624 is made of the materials, such as
metal or black resin. The common electrode layer 628 is
disposed over the black matrix 624 and the color filter layer
626, and is used to generate a electric field with the first
sub-pixel 330 and the second sub-pixel 350 of the thin film
transistor array substrate 610, to make the liquid crystal mol-
ecules in the liquid crystal layer 630 twist so as to display
images.

[0081] In one embodiment of the present invention, the
color filter substrate 620 further includes an alignment pro-
trusion pattern (not shown) or an alignment slit pattern (not
shown). The alignment protrusion pattern or the alignment
slit pattern is used together with the alignment pattern formed
on the pixel structure 612 of the thin film transistor array
substrate 610 to achieve the effect of the wide viewing angle.
The alignment pattern can be an alignment slit pattern or an
alignment protrusion pattern. Of course, the embodiment of
the present invention is not intended to limit the formation
way and shape of the alignment protrusion pattern or the
alignment slit pattern, which may be the structure for MVA or
other else.

[0082] According to the liquid crystal display panel 600
using the pixel structure 300 and the pixel structure 500 of the
present invention can alleviate the color shift of image, avoid
the loss of aperture ratio, prevent the flicker phenomenon of
frame and make it easy to adjust the area ratio of the sub-
pixels.

[0083] As mentioned above, the pixel structure and the
liquid crystal display panel of the present invention have the
following advantages:

[0084] (1) The color shift of image can be improved by
means of forming the first sub-pixel and the second sub-pixel
on a pixel structure, and making the voltage of the first sub-
pixel different from the voltage of the second sub-pixel by
using the capacitance coupling effect of the coupling elec-
trode and the data line.

[0085] (2) Because the coupling electrode is disposed over
the data line, when assembling the liquid crystal display
panel, it can avoid the loss of aperture ratio due to the expo-
sure of the coupling electrode from the pixel region caused by
the assembly shift.

[0086] (3) The capacitance formed by the electrical couple
of the data line and the common electrode layer of the color
filter substrate can be reduced by utilizing the shielding effect
of the coupling electrode. Thus, the crosstalk can be allevi-
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ated and the dark fringe due to the effect from the data line to
the first pixel electrode and the second pixel electrode can be
eliminated.

[0087] (4)By adjusting the width-to-length ratio of channel
of the first thin film transistor and the second thin film tran-
sistor, the frame voltage difference of the first sub-pixel and
the second sub-pixel can be reduced, so as to solve the prob-
lem of flicker of frame.

[0088] (5) It is easy to adjust the area ratio of the first
sub-pixel to the second sub-pixel by applying the pixel struc-
ture of the present invention, so as to meet the requirement of
alleviating the color shift of image as well as providing a
suitable brightness.

[0089] (6) Better brightness and the alleviation of color
shift of image can be achieved by adjusting the ratio of C,, to
(C+Cien)

[0090] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present 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 pixel structure, comprising:

a scan line and a data line;

a first sub-pixel, comprising:

a first thin film transistor;

a first pixel electrode, electrically connected to the scan
line and the data line via the first thin film transistor;

a coupling electrode, disposed over the data line and elec-

trically insulated from the data line; and

a second sub-pixel, comprising:

a second thin film transistor;

a second pixel electrode, electrically connected to the
second thin film transistor, the second thin film tran-
sistor being electrically connected to the coupling
electrode.

2. The pixel structure of claim 1, wherein the first thin film
transistor has a first width-to-length ratio of channel, the
second thin film transistor has a second width-to-length ratio
of channel, and the first width-to-length ratio is substantially
equal to the second width-to-length ratio.

3. The pixel structure of claim 1, wherein an area ratio of
the first sub-pixel to the second sub-pixel is in the range from
1:1to 1:2.

4. The pixel structure of claim 1, wherein the first pixel
electrode and the second pixel electrode further comprise an
alignment slit pattern.

5. The pixel structure of claim 1, further comprising an
alignment protrusion pattern formed on the first pixel elec-
trode and the second pixel electrode.

6. The pixel structure of claim 1, further comprising a
common electrode disposed below the first pixel electrode
and the second pixel electrode.
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7. The pixel structure of claim 1, wherein the material of the
coupling electrode comprises a transparent conductive mate-
rial.

8. A liquid crystal display panel, comprising:

a thin film transistor array substrate having a plurality of

pixel structures, each pixel structure comprising:
a scan line and a data line;
a first sub-pixel comprising:

a first thin film transistor;

a first pixel electrode electrically connected to the
scan line and the data line via the first thin film
transistor;

a coupling electrode disposed over the data line;
a second sub-pixel comprising:

a second thin film transistor;

a second pixel electrode electrically connected to the
second thin film transistor, the second thin film
transistor electrically connected to the coupling
electrode;

a color filter substrate disposed opposite to the thin film

transistor array substrate; and

aliquid crystal layer interposed between the thin film tran-

sistor array substrate and the color filter substrate.

9. The liquid crystal display panel of claim 8, wherein the
first thin film transistor has a first width-to-length ratio of
channel, the second thin film transistor has a second width-
to-length ratio of channel, and the first width-to-length ratio is
substantially equal to the second width-to-length ratio.

10. The liquid crystal display panel of claim 8, wherein an
area ratio of the first sub-pixel to the second sub-pixel is in the
range from 1:1to 1:2.

11. The liquid crystal display panel of claim 8, wherein the
first pixel electrode and the second pixel electrode of the pixel
structure further comprise an alignment slit pattern.

12. The liquid crystal display panel of claim 8, wherein the
thin film transistor array substrate further comprises an align-
ment protrusion pattern formed on the first pixel electrode and
the second pixel electrode.

13. The liquid crystal display panel of claim 8, wherein the
color filter substrate further comprises an alignment protru-
sion pattern formed thereon.

14. The liquid crystal display panel of claim 8, wherein the
color filter substrate further comprises an alignment slit pat-
tern formed thereon.

15. The liquid crystal display panel of claim 8, wherein
each pixel structure further comprises a common electrode
formed below the first pixel electrode and the second pixel
electrode.

16. The liquid crystal display panel of claim 8, wherein the
color filter substrate further comprises a common electrode
layer.

17. The liquid crystal display panel of claim 8, wherein the
material of the coupling electrode comprises a transparent
conductive material.
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