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(57) ABSTRACT 
A liquid crystal display (LCD) panel includes pixels arranged 
in matrix, and first and second Scanlines and a storage capaci 
tance line. Each pixel has a first Sub-pixel, which is disposed 
between the first and second scan lines, and first to third 
thin-film transistors (TFTs) and a pixel electrode divided into 
first and second regions. The first TFT is electrically con 
nected to the first scan line and the first region. The second 
TFT is electrically connected to the first scan line and the 
second region. The third TFT is electrically connected to the 
second scan line and the second region. The storage capaci 
tance line is electrically connected to the third TFT. A dis 
tance between the storage capacitance line and the first scan 
line is longer than that between the storage capacitance line 
and the second scan line. 

21 Claims, 14 Drawing Sheets 
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SO1 
form a first scan line, a second scan line and 
a storage capacitance line on a TFT substrate 

SO2 form a first insulating layer on the first scan 
line, the second scan line and the storage 
capacitance line 

form one semiconductor layer of a first TFT 
and a second TFT on the first scan line, and 
form another semiconductor layer of a third 
TFT on the second scan line 

SO3 

S04 
form a data line, Sources and drains of the 
first TFT, the second TFT and the third 
TFT, and a patterned metal layer are formed 
on the TFT substrate 

SO5 

SO6 

form a pixel electrode on the TFT substrate 

form a passivation layer 

SO7 
connect the TFT substrate to an opposing 
Substrate 

form a liquid crystal layer between the TFT S08 
Substrate and the opposing substrate 

FIG. 14 
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LIQUID CRYSTAL DISPLAY PANEL AND 
MANUFACTURING METHOD THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application claims the benefit of Taiwan application 
Serial No. 096106311, filed Feb. 16, 2007, the entirety of 
which is incorporated herein by reference. 

BACKGROUND 

1. Technical Field 
The disclosure relates in general to a display panel and a 

manufacturing method thereof, and, in particular, to a liquid 
crystal display (LCD) panel and a manufacturing method 
thereof. 

2. Related Art 
The LCD panel is one of increasingly popular display 

panels and advantageously has high resolution, light weight, 
thin thickness and low power consumption. However, the 
current LCD panel still has some technological problems to 
be solved. For example, the problem of wide view angle 
exists, in which the user sees the displayed image with the 
different gray-scale levels and brightness when he or she is 
watching the image from the front or at an angle from either 
right or left side of the display. Usually, the brightness of the 
image viewed by the user from the front of the display is 
higher than that viewed by the user from either side of the 
display. Therefore, the frames viewed on the LCD apparatus 
at different angles have different brightness, which causes 
different color mixing results. Thus, the phenomena of color 
shift and color de-saturation tend to occur. 

Referring to FIGS. 1 and 2, a sub-pixel structure 1 of a 
conventional multi-domain vertically aligned (MVA) LCD 
panel includes at least one TFT (Thin Film Transistor) T, a 
storage capacitance line 11, a Sub-pixel electrode 12, a liquid 
crystal layer 13 and a common electrode 14. The common 
electrode 14 is formed on a color filter substrate 16. The 
sub-pixel electrode 12 is formed on a dielectric layer 17 of a 
TFT substrate 15. The liquid crystal layer 13 is accommo 
dated between the sub-pixel electrode 12 and the common 
electrode 14. The sub-pixel electrode 12 is disposed between 
two neighboring scan lines SL, and SL, and the Sub-pixel 
electrode 12 has a plurality of slits 12a so that the sub-pixel 
electrode 12 is formed with a pattern. The TFTT controls the 
operation of the Sub-pixel structure 1, and a storage capacitor 
is formed between the storage capacitance line 11 and the 
sub-pixel electrode 12. 
As mentioned hereinabove, the slits 12a or alignment pro 

trusions 14a are arranged on the TFT substrate 15 or the color 
filter substrate 16 in the MVALCD panel so that liquid crystal 
molecules are arranged in multiple directions and several 
alignment domains can be obtained to improve the problem of 
wide view angle. 

Recently, another technology has been proposed in order to 
improve the color shift problem associated with the wide 
view angle problem more effectively. As shown in FIG. 2, the 
sub-pixel electrode 12 is divided into a first region I and a 
second region II in order to display different brightness ratios 
with respect to different gray-scale levels. In order to achieve 
this effect, in general, it is possible to turn on a third TFTT, 
when the next scan line SL is being enabled, to conduct 
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2 
charges on an auxiliary capacitor, which is defined by the 
corresponding arrangement of an extra interconnection 11a 
of the storage capacitance line 11 and an electrode E having a 
potential equal to that of a source of the third TFTT, to the 
second region II of the sub-pixel electrode 12 so that the 
brightness difference between the second region II and the 
first region I is kept constant to prevent the problem of color 
shift from occurring. 

FIG.3 shows an equivalent circuit diagram of the sub-pixel 
structure 1. The liquid crystal capacitor C(A) is defined by 
the corresponding arrangement of the first region I (e.g., a 
bright region) of the sub-pixel electrode 12 and the common 
electrode 14. The liquid crystal capacitor C(B) is defined by 
the corresponding arrangement of the second region II (e.g., a 
dark region) of the sub-pixel electrode 12 and the common 
electrode 14. The storage capacitor C(A) is defined by the 
corresponding arrangement of the storage capacitance line 11 
and a capacitor electrode 112, which is electrically connected 
to the first region of the sub-pixel electrode 12 through avia. 
The storage capacitor C is defined by the corresponding 
arrangement of the storage capacitance line 11 and a capacitor 
electrode 111, which is electrically connected to the second 
region of the sub-pixel electrode 12 through a via. The aux 
iliary capacitor Cs is defined by the corresponding arrange 
ment of the extra interconnection 11a of the storage capaci 
tance line 11 and the electrode E having the potential equal to 
that of the source of the third TFTT. The first region I and the 
second region II of the sub-pixel electrode 12 are respectively 
disposed corresponding to the common electrode 14, and 
electrically connected to a data line DL, and the scan line SL, 
opposite to the data line DL, through a first TFTT and a 
second TFTT, opposite to the first TFTT. The second region 
II of the sub-pixel electrode 12 is electrically connected to the 
next scan line SL and the auxiliary capacitor through the 
corresponding third TFTT. 

FIG. 4 is a schematic time chart showing the operation of 
the scan lines SL, and SL as well as nodes V, and V in 
FIG. 3. First, when the scan line SL inputs a signal to the 
sub-pixel electrode 12, the first TFTT and the second TFTT 
turn on, and Sub-pixel data of positive polarity is inputted 
through the data line DL so that the potentials of the nodes 
V, and V, are equal to V. When the scan line SL, stops 
inputting the signal to the sub-pixel electrode 12, the first TFT 
T and the second TFTT instantaneously turn off. At this 
time, the nodes V, and V encounter different feed-through 
effects due to the influence the parasitic capacitances between 
the gates and the drains of the TFTs T and T. Thus, the 
potentials of the nodes V, and V are different from each 
other and are respectively V, and V, and the level difference 
therebetween relative to a common Voltage V, is about 
(V-V). Next, when the Scanline SL inputs the signal to 
the sub-pixel electrode 12, the previous frame is influenced by 
the dot inversion factor. So, when the third TFTT turns on, 
the charges stored in the storage capacitor C. neutralize the 
auxiliary capacitor Cs and the Voltage level of the node V, is 
changed to V, while the voltage level of the node Ve is still 
V. When the scan line SL, stops inputting the signal, the 
potentials of the nodes V, and V are respectively kept at V 
and V. When the next frame time comes, the scan line SL, 
again inputs the signal to turn on the first TFT T and the 
second TFT T, and inputs the Sub-pixel data of negative 
polarity through the data line DL so that the potentials of the 
nodes V, and V are simultaneously made equal to V. 
When the scan line SL, stops inputting the signal, the first 
TFTT and the second TFTT instantaneously turn off, and 
the potentials of the nodes V and V are influenced by 
different feed-through effects and are thus respectively equal 
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to Vs and Vs. So, the level difference therebetween relative to 
the common Voltage V is about (Vs-Vs). Next, the scan 
line SL inputs the signal to turn on the third TFTT so that 
the charges of the previous frame with the positive polarity 
stored in the storage capacitor C. are transferred to the 
auxiliary capacitor Cs, and the Voltage level of the node V 
is changed to V. Meanwhile, the voltage level of the node 
V is still equal to Vs. When the scan line SL, stops 
inputting the signal, the potentials of the nodes V, and V. 
are respectively equal to Vs and V. 

However, no matter which method is utilized, the storage 
capacitance line 11 in the Sub-pixel structure 1 is disposed at 
a middle position of the sub-pixel electrode 12. When the 
extra interconnection 11a has to be additionally formed 
through the storage capacitance line 11 in order to adjust the 
capacitance, the difficulty and the loading of interconnection 
of the storage capacitance line 11 will be increased, and the 
aperture ratio will be decreased. In addition, when the sub 
pixel electrode 12 is divided into the first region (bright 
region) I and the second region (dark region) II and if the 
bright region I and the dark region II are influenced by dif 
ferent feed-through effects, the signals displayed by two 
regions of the sub-pixel structure 1 have different levels rela 
tive to the signal center point V. Thus, the signal may have 
the problem of flickering among different frames, and a 
retained image caused by the polarization of the liquid crystal 
molecules cannot disappear after a long period of time. 

Therefore, there is a need to provide a LCD panel and a 
manufacturing method thereof, wherein the difficulty of 
interconnection can be simplified, the influence of the low 
gray-scale region on the display property can be decreased, 
and the phenomenon of color shift can be improved. 

SUMMARY 

In an embodiment, the invention discloses a liquid crystal 
display (LCD) panel, comprising a thin film transistor Sub 
strate, wherein the thin film transistor substrate further com 
prises: a first scan line disposed on the thin film transistor 
Substrate; a second scan line disposed on the thin film tran 
sistor Substrate and arranged in parallel to the first scan line; 
and a plurality of pixels. Each of the pixels comprises a first 
sub-pixel disposed between the first scan line and the second 
scan line, and has a first thin-film transistor (TFT), a second 
TFT, a third TFT and a pixel electrode. The pixel electrode is 
divided into a first region and a second region for displaying 
different signals. The first TFT is electrically connected to the 
first scan line via a first gate and connected to the first region 
by a first drain electrode. The second TFT is electrically 
connected to the first scan line via a second gate and con 
nected to the second region by a second drain electrode. The 
third TFT is electrically connected to the second scan line via 
a third gate and connected to the second region by a third drain 
electrode. A data line connects a first source electrode of the 
first TFT and a second source electrode of the second TFT. A 
storage capacitance line is arranged in parallel to the first scan 
line and the second scan line and electrically connected to the 
third TFT. A distance between the storage capacitance line 
and the first scan line is longer than a distance between the 
storage capacitance line and the second scan line. 

In another embodiment, the invention further discloses a 
liquid crystal display (LCD) panel, comprising a thin film 
transistor substrate, wherein the thin film transistor substrate 
further comprises: a first scan line disposed on the thin film 
transistor Substrate; a second scan line disposed on the thin 
film transistor substrate; and a plurality of pixels. Each of the 
pixels comprises a first Sub-pixel, which is disposed between 
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4 
the first scan line and the second scan line and has a first 
thin-film transistor (TFT), a second TFT, a third TFT and a 
pixel electrode. The pixel electrode is divided into a first 
region and a second region for displaying different signals. 
The first TFT is electrically connected via a first gate to the 
first scan line and connected to the first region by a first drain 
electrode. The second TFT is electrically connected via a 
second gate to the first scan line and connected to the second 
region by a second drain electrode. The third TFT is electri 
cally connected via a third gate to the second scan line and 
connected to the second region by a third drain electrode. A 
data line connects a first source electrode of the first TFT and 
a second source electrode of the second TFT. A first over 
lapped area between (a) the first scan line and (b) a first 
conductive pattern which is connected to the first drain elec 
trode and is the first region of the pixel electrode is smaller 
than a second overlapped area between (c) the first scan line 
and (d) a second conductive pattern which is connected to the 
second drain electrode and is the second region of the pixel 
electrode. Both the first overlapped area and said second 
overlapped area are not Zero. 

In yet another embodiment, the invention discloses a 
method of manufacturing a liquid crystal display (LCD) 
panel, the method comprising steps of forming a first scan 
line and a second scan line on a thin-film transistor (TFT) 
substrate; forming a first TFT and a second TFT having gates 
connected to and first and second drains overlapping the first 
Scanline; forming a third TFT having a gate connected to the 
second scan line; forming a data line on the TFT substrate to 
connect Sources of the first and second TFTs; forming a pixel 
electrode on the TFT substrate and between the first scan line 
and the second scan line; connecting the TFT substrate to an 
opposing Substrate; and forming a liquid crystal layer 
between the TFT substrate and the opposing substrate. The 
pixel electrode is divided into a first region and a second 
region for displaying different signals. The first drain of the 
first TFT is electrically connected to the first region. The 
second drain of the second TFT is electrically connected to 
the second region. A third drain of the third TFT is electrically 
connected to the second region. A first non-Zero overlapped 
area, where said first scan line overlaps said first drain and 
said first region, is formed to be smaller than a second non 
Zero overlapped area, where said first scan line overlaps said 
second drain and said second region. 

Additional aspects and advantages of the disclosed 
embodiments are set forth in part in the description which 
follows, and in part are apparent from the description, or may 
be learned by practice of the disclosed embodiments. The 
aspects and advantages of the disclosed embodiments may 
also be realized and attained by means of the instrumentalities 
and combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosed embodiments of the invention will become 
more fully understood from the detailed description and 
accompanying drawings, which are given for illustration 
only, and thus are not limitative of the present invention, and 
wherein: 

FIG. 1 is a side view showing a sub-pixel structure of a 
conventional multi-domain vertically aligned (MVA) LCD 
panel; 

FIG. 2 is a plan-view schematic illustration showing the 
sub-pixel structure of a conventional MVALCD panel; 

FIG. 3 is an equivalent circuit diagram of the sub-pixel 
structure of the conventional MVALCD panel; 



US RE44,573 E 
5 

FIG. 4 is an operational timing chart of the Sub-pixel struc 
ture of the conventional MVALCD panel; 

FIG. 5 is a schematic illustration showing a LCD panel 
according to an embodiment of the invention; 

FIG. 6 is a plan-view schematic illustration showing a 
sub-pixel structure of a TFT substrate of the LCD panel 
according to the embodiment of the invention; 

FIG. 7 is a plan-view schematic illustration showing a 
Sub-pixel structure of an opposing Substrate of the LCD panel 
according to the embodiment of the invention; 

FIG. 8 is a plan-View schematic illustration showing 
another sub-pixel structure of the TFT substrate of the LCD 
panel according to an embodiment of the invention; 

FIG. 9 is an equivalent circuit diagram of the sub-pixel of 
the TFT substrate of the LCD panel according to the embodi 
ment of the invention; 

FIG. 10 is an operational timing chart of scan lines and 
nodes VP1" and VP2" in FIG. 9; 

FIG. 11 is a plan-view schematic illustration showing still 
another sub-pixel structure of the TFT substrate of the LCD 
panel according to an embodiment of the invention; 

FIG. 12 is an equivalent circuit diagram of the another 
sub-pixel of the TFT substrate of the LCD panel according to 
the embodiment of the invention; 

FIG. 13 is a plan-View schematic illustration showing yet 
still another sub-pixel structure of the TFT substrate in the 
LCD panel according to an embodiment of the invention, 
wherein a storage capacitance line has two electrical exten 
sions; and 

FIG. 14 is a flow chart showing a manufacturing method of 
the LCD panel according to an embodiment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention will be apparent 
from the following detailed description, with reference to the 
accompanying drawings, wherein the same references relate 
to the same elements. 

It is to be specified first that a liquid crystal display (LCD) 
apparatus 2 in this embodiment is, without being limited to, a 
multi-domain vertically aligned (MVA) liquid crystal display 
apparatus. Also, the LCD apparatus 2 may also be a twisted 
nematic LCD apparatus, an optically compensated bend (CB) 
LCD apparatus, an axisymmetric aligned (ASM) LCD appa 
ratus or an in-plane Switching (IPS) LCD apparatus. 

FIG. 5 is a schematic illustration showing a structure of the 
LCD apparatus 2 according to an embodiment of the inven 
tion. Referring to FIG. 5, the LCD apparatus 2 includes a 
backlight module 21 and an LCD panel 22. The backlight 
module 21 is disposed adjacent the LCD panel 22 and outputs 
light L. passing through the LCD panel 22. In this embodi 
ment, the backlight module 21 is, without being limited to, a 
bottom lighting backlight module, and may also be an edge 
lighting backlight module. A backlight Source of the back 
light module 21 may be selected from a cold cathode fluores 
cent lamp (CCFL), a light emitting diode (LED), an organic 
electro-luminescent device (OELD) or a field emissive device 
(FED). 

In addition, the LCD panel 22 has a thin-film transistor 
(TFT) Substrate (not shown), an opposing Substrate (e.g., a 
color filter substrate) (not shown) and a liquid crystal layer 
(not shown). The TFT substrate is disposed opposite to the 
opposing Substrate, and the liquid crystal layer is disposed 
between the TFT substrate and the opposing substrate. The 
TFT substrate has a plurality of data lines, a plurality of scan 
lines, a plurality of pixels and a plurality of storage capaci 
tance lines. Each scan line is arranged in parallel with the 
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6 
storage capacitance lines, and the pixels are arranged in 
matrix. Herein, each pixel includes a Sub-pixel disposed 
between two neighboring scan lines. 

FIGS. 6 and 7 are plan-View schematic illustrations show 
ing sub-pixel structures 221 and 222 of the TFT substrate and 
the opposing substrate, respectively. Referring to FIGS. 6 and 
7, the sub-pixel structure 221 of the TFT substrate includes a 
first Sub-pixel P., a data line DL, a first Scanline SL, a second 
Scanline SL and a storage capacitance line SC (see FIG. 6). 
The sub-pixel structure 222 of the opposing substrate 
includes a common electrode Ps, as shown in FIG. 7. In this 
embodiment, the first sub-pixel P. may be red, green, blue or 
other-colored sub-pixels in a full-color pixel. 
The first sub-pixel P. has a first TFTP, a second TFT 

P, a third TFTP and a pixel electrode Pa. The first TFT 
Ps, the second TFTP, the third TFTP, the storage 
capacitance line SC and the pixel electrode P are formed 
on the TFT substrate. In this embodiment, in order to decrease 
the loading on the layout of the storage capacitance line SC 
caused when an auxiliary capacitor Cs is being formed (e.g., 
to prevent the extra branches of the storage capacitance line 
SC from increasing the loading of the storage capacitance 
line SC), a distance S between the storage capacitance line 
SC and the first scan line SL is configured to be longer than 
a distance S between the storage capacitance line SC and the 
second scan line SL. The distance S between the storage 
capacitance line SC and the second scan line SL2 ranges 
from 4 um to 20 Lum. 
The pixel electrode Pa may also have a plurality of slits 

Ps, so that the pixel electrode P is formed with a pattern 
and the liquid crystal molecules have a predetermined incli 
nation angle. For example, when the LCD is a twisted-nem 
atic LCD apparatus, the slits P may be omitted. The pixel 
electrode P is divided into a first region I and a second 
region II. In this embodiment, the first region I is a bright 
region, and the second region II is a dark region. 

Referring again to FIG. 6, the first TFTP has a gate 
electrically connected to the first scan line SL, a drain elec 
trically connected to the first region I of the first sub-pixel P. 
through a via O, and a source electrically connected to the 
data line DL. The second TFTP has a gate electrically 
connected to the first scan line SL, a drain electrically con 
nected to the second region II of the first sub-pixel P through 
a via O, and a source electrically connected to the data line 
DL. The third TFTP has a gate electrically connected to 
the second scan line SL, a drain electrically connected to the 
second region II of the first sub-pixel P through a via O, and 
a source electrically connected to an electrode E of the aux 
iliary capacitor. Herein, the first TFTP, the second TFT 
P and the third TFTP are for controlling operations of 
the first region I and the second region II of the first sub-pixel 
P. 

In this embodiment, a first parasitic capacitance C is 
formed between the gate and the drain of the first TFTP, a 
second parasitic capacitance C is formed between the gate 
and the drain of the second TFTP, and a third parasitic 
capacitance Cs is formed between the gate and the drain of 
the third TFT P. 

It is known that 

Thus, in order to make the two sub-pixels have the same 
AV, without taking into account the third parasitic 
capacitance Cs (because the influences of the third parasitic 
capacitance Cs generated when the second scan line SL2 is 
enabled and disabled may offset each other), it is obtained 
that: 
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After (V-V) is eliminated, it is obtained that: 
C1/((C1/C-1)+1+(C1/C-1))xCell-Cid (C2/ 

C2)+1+(Cr2/C2))xC2), 

wherein, the value of each of (C/C) and (C/C2) is far 
Smaller than 1 and may thus be neglected. Thus, when C/ 
C-C2/C2, it is obtained that 

C1/(2)xCell-Cid (2)xC.2). 
However, the area/luminous flux of the bright region I is 
Smaller than that of the dark region II due to the design. 
Therefore, C2C, so that CeC. That is, the first TFT 
Ps and the second TFTP satisfy the formula (1): 

(1). 

In addition, a region, which is located between the Source 
and the drain of the TFT and contains the semiconductor 
region has a corresponding width referred to as a channel 
width W, and the distance between the source and the drain is 
referred to as a channel length L. Referring again to FIG. 6 
according to the above-mentioned descriptions, the first TFT 
Ps has a first channel width W and a first channellength L; 
the second TFTP has a second channel width W and a 
second channel length L; and the third TFTP has a third 
channel width W and a third channel length L. 

The first TFT P and the second TFT P. satisfy the 
formula (2): 

CapaCa1 

W2/LeW/L (2). 

In this embodiment, the ratio of the second channel width 
W to the second channel length L is equal to the ratio of the 
first channel width W to the first channel length L. 

Referring to FIG. 8, it is also possible to make the over 
lapped area between (a) the drain of the first TFTP as well 
as the first region I (bright region) of the first sub-pixel P. and 
(b) the first scan line SL be smaller than the overlapped area 
between (c) the drain of the second TFTP as well as the 
second region II (dark region) of the first sub-pixel P. and (d) 
the first scan line SL to satisfy the above-mentioned require 
ments. For example, the shapes of the first TFTP and the 
second TFTP may be the same, but the pixel electrode Pa 
of the second region II is extended (FIG. 8) to overlap the first 
scan line SL. Alternatively, the first TFTP and the second 
TFTP may have the same L and an adjustment is made to 
make W-W (not shown). Or the above-mentioned methods 
may be utilized simultaneously to satisfy the formula (1). 

Please refer to FIGS. 6 and 9, wherein FIG.9 is an equiva 
lent circuit diagram of FIG. 6. In this embodiment, the LCD 
panel 22 further includes a patterned metal layer M. disposed 
opposite to the storage capacitance line SC. A portion of the 
patterned metal layer M is electrically connected to the first 
region I through a via O to form a first storage capacitor C. 
together with the storage capacitance line SC. Another por 
tion of the patterned metal layer M is electrically connected 
to the third TFTP and the second region II through the via 
O to form a second storage capacitor C together with the 
storage capacitance line SC. A further portion of the pat 
terned metal layer M, is electrically connected to the third 
TFTP to form an auxiliary capacitor Cs together with the 
storage capacitance line SC. The liquid crystal capacitor is 
defined by the corresponding arrangement of the pixel elec 
trode P and the common electrode Ps. That is, the first 
region I of the first sub-pixel P. and the common electrode 
Ps form a first liquid crystal capacitor C, and the second 
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8 
region II of the first sub-pixel P. and the common electrode 
Ps form a second liquid crystal capacitor C. 

In this embodiment, in order make two sub-pixels have the 
same AV, i.e. it is derived that 

C1/((C1/C-1)+1+(C1/C-1))xCell-Ca2/((C2/ 
C2)+1+(Cr2/C2))xC2), 

wherein the value of each of (C/C) and (C/C2) is far 
Smaller than 1 and may thus be neglected. Thus, when it is 
assumed that the first TFTP and the second TFTP have 
the same designed size (i.e., it is assumed that C-C), it 
is obtained that 

Also, the luminous flux or area of the bright region I is 
configured to be smaller than that of the dark region II (i.e., 
CeC). Thus, it is obtained that 

(C1/C-1)+le(CaCl2)+1, 

and thus 

That is, the ratios of the storage capacitors of the first region 
I and the second region II to the liquid crystal capacitor satisfy 
the formula (3): 

C. Cie C2Cl2 (3). 

In this embodiment, it is possible to achieve C/CDC/ 
C by configuring the area of the first region I to be smaller 
than that of the second region II and configuring the first 
region I and the second region II to have storage capacitors of 
Substantially the same storage capacity. 

In addition, each Sub-pixel has a ratio R, which satisfies 
the formula (4): 

RCs (Cs+C+C) (4), 

wherein C, C+C in this embodiment; and 
Cs, Cs+Cs2. 

When the ratio of the area of the bright region to that of the 
dark region is equal to 1:2, the influence of the transmission 
rate on R, will be as described in the following section. 
Assuming that the transmission rate is equal to a reference 
value (100%) when R-0.15, the transmission rate is equal to 
95% when R-0.2; and the transmission rate is equal to 
87.8% when R-0.25. Thus, the above-mentioned ratio pref 
erably ranges from 0.1 to 0.35. In brief, the ratio R, represents 
the ratio of the auxiliary capacitor Cs to the equivalent capaci 
tor of the overall sub-pixel. 

In addition, the pixel of the TFT substrate further includes 
a second Sub-pixel (not shown) and a third Sub-pixel (not 
shown). The first sub-pixel P, the second sub-pixel and the 
third Sub-pixel are disposed adjacent one another in a direc 
tion along the first scan line SL. In this particular embodi 
ment, it is assumed that the first sub-pixel P is ared sub-pixel 
(R), the second sub-pixel is agreen sub-pixel (G) and the third 
sub-pixel is a blue sub-pixel (B). Typically, the brightness 
output of the display at the short wavelength has to be 
increased if the specification of the high color temperature is 
to be satisfied. For example, the blue region of the display has 
to be reduced because the auxiliary capacitor causes the trans 
mission rate to decrease. Thus, the ratio R, of each sub-pixel 
satisfies the formula (5): 

FIG.10 is a timing chart showing operational timings of the 
first Scanline SL, the second Scanline SL and the nodes V, 
and V, in FIG. 9. 
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First, in the first frame time, the first scan line SL inputs a 
signal to turn on the first TFTP and the second TFTP, 
and inputs sub-pixel data through the data line DL so that the 
potentials of the nodes V, and V are simultaneously equal 
to V. When the first scan line SL stops inputting the signal, 
the first TFTP and the second TFTP instantaneously 
turn off. However, the first parasitic capacitance C and the 
second parasitic capacitance C between the gates and the 
drains of the TFTs P and P are designed such that 
CeeC or W2/L2-W/L in this embodiment of the inven 
tion. Consequently, the potentials of the nodes V, and V. 
are respectively changed from V to V. In other words, the 
voltage differences between the pixel signals of the nodes 
V, and V, and the common voltage V, can be stably 
controlled due to the same influence of the feed-through 
effect. 

Next, the second scan line SL inputs the signal to turn on 
the third TFTP so that the charges of the second storage 
capacitor C. neutralize the first auxiliary capacitor Cs, the 
Voltage level of the node Ve is changed to V, and the 
voltage level of the node V, is influenced by the second 
auxiliary capacitor Cs, and is thus changed to V. Then, in the 
second frame time, for example, when the first scan line SL 
again inputs the signal to turn on the first TFTP and the 
second TFTP, and inputs the Sub-pixel data through the 
data line DL, the potentials of the nodes V, and V are 
made simultaneously equal to V. When the first scan line 
SL stops inputting the signal, the first TFT P and the 
second TFTP instantaneously turn off. However, the first 
parasitic capacitance C and the second parasitic capaci 
tance C between the gates and the drains of the TFTs Ps 
and P are particularly configured in this embodiment of the 
invention such that C2C or W/LW/L. Conse 
quently, the potentials of the nodes V, and V, are respec 
tively changed from V to Vs. In other words, the Voltage 
differences between the pixel signals and the common volt 
age V can be stably controlled due to the same influence of 
the feed-through effect. 

Next, the second scan line SL inputs the signal to turn on 
the third TFTP so that the charges of the second storage 
capacitor C. neutralize the first auxiliary capacitor Cs and 
the Voltage level of the node V is changed to V. 

Referring to FIGS. 11 and 12, a portion of the patterned 
metal layer M, in the LCD panel 22 is disposed opposite to 
the first region I to form the second auxiliary capacitor Cs in 
this embodiment. 

Referring to FIG. 13, the storage capacitance line SC of 
this embodiment further has two electrical extensions SC 
and SC, which are disposed opposite to the edge of the pixel 
electrode Pa of each Sub-pixels P in the direction along the 
data line DL. The width of each of the electrical extensions 
SC and SC may be about 4 um. 

In the above disclosed embodiments, when it is desirable to 
place a black matrix layer BM (FIG. 7) on the sub-pixel 
structure 222 of the opposing substrate to cover the pixel 
electrode P on the TFT substrate 221 so that to reduce the 
light-leakage phenomenon induced by the irregular arrange 
ment of the liquid crystal molecules, the area to be covered by 
the black matrix layer BM when the opposing substrate and 
the TFT substrate are combined can be reduced because the 
electrical extensions SC and SC of the storage capaci 
tance line SC have partially covered two side edges of the 
pixel electrode Pa. Thus, the aperture ratio of the first sub 
pixel P. may be increased. In addition, the overlapping por 
tions between the electrical extensions SC and SC of the 
storage capacitance line SC and the pixel electrode P may 
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10 
also be formed with a storage capacitor C. So that the capaci 
tance of the storage capacitor C can be increased. 

Referring to FIG. 14, a manufacturing method of a LCD 
panel according to an embodiment of the invention includes 
steps S01 to S08. Illustrations will be made with reference to 
FIG. 14 in conjunction with FIGS. 6 and 7. In the step S01, a 
first scan line SL, a second scan line SL and a storage 
capacitance line SC are formed on a TFT substrate 221 using 
a first metal layer, Such as a single layer or a multi-layer of 
aluminum, molybdenum, copper or silver or alloys thereof. In 
the step S02, a first insulating layer is formed on the first scan 
line SL, the second scan line SL and the storage capacitance 
line SC using an insulating material. Such as silicon nitride 
(SiNx) or silicon oxide (SiOx). In the step S03, a semicon 
ductor layer of a first TFTP and a second TFT P is 
formed on the first scan line SL, and another semiconductor 
layer of a third TFTP is formed on the second scan line 
SL. The first TFTP has a gate electrically connected to the 
first Scanline SL, the second TFTP has a gate electrically 
connected to the first scanline SL, and the third TFTP has 
a gate electrically connected to the second scan line SL. In 
the step S04, a data line DL, sources and drains of the first 
TFTP, the second TFTP and the third TFTP, and a 
patterned metal layer Mare formed on the TFT substrate 221 
using a second metal layer, Such as a single layer or a multi 
layer of aluminum, molybdenum, copper or silver or alloys 
thereof, wherein the portions of the second metal layer cov 
ering the storage capacitance line SC form the patterned 
metal layers M. M. and M. In the step S05, a passivation 
layer, such as silicon nitride (SiNx) or silicon oxide (SiOx), 
covers each layer to form a second insulating layer. In the step 
S06, a pixel electrode P is formed on the TFT substrate 
221, wherein the pixel electrode P is disposed between the 
first scan line SL and the second scan line SL, and is divided 
into a first region I and a second region II. The first region I is 
electrically connected to the drain of the first TFT P. 
through the via O of the second insulating layer, the second 
region II is electrically connected to the drain of the second 
TFTP through the via O. of the second insulating layer. 
The second region II is electrically connected to the drain of 
the third TFTP, through the via O of the second insulating 
layer. One portion of the patterned metal layer M is electri 
cally connected to the first region I through the via O to form 
a first storage capacitor C together with the storage capaci 
tance line SC. Another portion of the patterned metal layer 
M is electrically connected to the second region II through 
the via Os to form a second storage capacitor C together 
with the storage capacitance line SC. A further portion of the 
patterned metal layer M is electrically connected to the 
third TFTP to form a first auxiliary capacitor Cs together 
with the storage capacitance line SC. In some embodiments, 
a portion of the patterned metal layer M, and the first region 
I form a second auxiliary capacitor C. Next, in the step S07. 
the TFT substrate 221 is connected to an opposing substrate 
222. Finally, a liquid crystal layer is formed between the TFT 
substrate 221 and the opposing substrate 222 in the step S08 
to obtain the LCD panel 22. One of ordinary skill in the art 
may understand that the order of several steps, e.g., the steps 
S07 and S08, can be changed. 

In the step S01, the distance S between the storage capaci 
tance line SC and the first scan line SL may be longer than 
the distance S between the storage capacitance line SC and 
the second scan line SL, and the distance S between the 
storage capacitance line SC and the second scan line SL 
may range from 4 um to 20um. In addition, the TFTs P and 
P. satisfy the formula (1) in the step S04: 
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(1), 

wherein C. denotes aparasitic capacitance between the gate 
and the drain of the first TFTP, and C. denotes a parasitic 
capacitance between the gate and the drain of the second TFT 
P. Also, the following formula (2) is also satisfied: 

CapaCd1 

W/LeW/L (2) 

wherein W denotes a channel width of the first TFTP, W. 
denotes a channel width of the second TFTP, L, denotes a 
channel length of the first TFTP, and L. denotes a channel 
length of the second TFTP. 

Furthermore, in the step S04, a first overlapped area 
between (a) the drain of the first TFTP as well as a first 
conductive pattern (not shown) and (b) the first scan line SL 
is formed to be Smaller than a second overlapped area 
between (c) the drain of the second TFT P as well as a 
second conductive pattern (not shown) and (d) the first scan 
line SL. The first conductive pattern has a potential equal to 
that of the drain of the first TFTP and the second conduc 
tive pattern has a potential equal to that of the drain of the 
second TFT P. 

In addition, in the step S07, a region forming ratio of the 
first region I to the second region II satisfies the formula (3): 

Cs-1/Cie C2/Cia (3), 

wherein C denotes a first storage capacitor, C. denotes a 
second storage capacitor, C. denotes a first liquid crystal 
capacitor, and C denotes a second liquid crystal capacitor. 

In addition, in the step S01, the storage capacitance line 
SC may form at least one electrical extension or two electri 
cal extensions SC and SC, which are disposed opposite to 
an edge of the pixel electrode Pina direction along the data 
line DL, wherein the electrical extensions SC and SC 
may partially overlap the pixel electrode Pa. 

In Summary, the distance between the storage capacitance 
line and the first scan line is longer than the distance between 
the storage capacitance line and the second scan line in accor 
dance with the LCD panel and its manufacturing method 
according to embodiments of the invention. Thus, the LCD 
apparatus and the LCD panel of embodiments of the inven 
tion may have the simplified interconnections wheneverinter 
connections have to be additionally extended and added from 
the storage capacitance line. In addition, embodiments of the 
invention solve the problem offlickering caused by different 
signals relative to V, in the bright region and the dark 
region by adjusting the values of C, and C/C, in the sub 
pixel. Moreover, the above-mentioned technology can be 
applied to the LCD panel with the wide view angle to enhance 
the color difference compensating ability, to improve the 
phenomenon of color shift difference, and thus to provide a 
better image display quality. 

Although the invention has been described with reference 
to specific embodiments, this description is not meant to be 
construed in a limiting sense. Various modifications of the 
disclosed embodiments, as well as alternative embodiments, 
will be apparent to persons skilled in the art. It is, therefore, 
contemplated that the appended claims will cover all modifi 
cations that fall within the true scope of the invention. 
What is claimed is: 
1. A liquid crystal display (LCD) panel, comprising a thin 

film transistor substrate, wherein the thin film transistor sub 
strate further comprises: 

a first scan line disposed on the thin film transistor Sub 
Strate; 

a second scan line disposed on the thin film transistor 
Substrate and arranged in parallel to the first scan line; 
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12 
a plurality of pixels wherein each of the pixels comprises a 

first sub-pixel disposed between corresponding to the 
first scan line and the second scan line, and has a first 
thin-film transistor (TFT), a second TFT, a third TFT and 
a pixel electrode, the pixel electrode is divided into a first 
region and a second region for displaying different sig 
nals, the first TFT is electrically connected to the first 
Scanline via a first gate and connected to the first region 
by a first drain electrode, the second TFT is electrically 
connected to the first scan line via a second gate and 
connected to the second region by a second drain elec 
trode, and the third TFT is electrically connected to the 
second scan line via a third gate and connected to the 
second region by a third drain electrode: 

a data line connecting a first source electrode of the first 
TFT and a second source electrode of the second TFT, 
and 

a storage capacitance line electrically connected to the 
third TFT, 

wherein the TFTs satisfy the formula (1): 

Ca2Cd1 (1), 

wherein C. denotes a parasitic capacitance between the 
first drain electrode of the first TFT and the first scan 
line, and C denotes a parasitic capacitance between 
the second drain electrode of the second TFT and the 
first scan line. 

2. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises: 

a first scan line disposed on the thin film transistor Sub 
strate; 

a second scan line disposed on the thin film transistor 
Substrate and arranged in parallel to the first scan line; 

a plurality of pixels wherein each of the pixels comprises a 
first sub-pixel disposed between corresponding to the 
first scan line and the second scan line, and has a first 
thin-film transistor (TFT), a second TFT, a third TFT and 
a pixel electrode, the pixel electrode is divided into a first 
region and a second region for displaying different sig 
nals, the first TFT is electrically connected to the first 
Scanline via a first gate and connected to the first region 
by a first drain electrode, the second TFT is electrically 
connected to the first scan line via a second gate and 
connected to the second region by a second drain elec 
trode, and the third TFT is electrically connected to the 
second scan line via a third gate and connected to the 
second region by a third drain electrode: 

a data line connecting a first source electrode of the first 
TFT and a second source electrode of the second TFT, 
and 

a storage capacitance line electrically connected to the 
third TFT, 

wherein the TFTs satisfy the formula (2): 
W/LW/L (2), 

wherein W is a channel width of the first TFT. W. is a 
channel width of the second TFT, L is a channel length 
of the first TFT and L is a channel length of the second 
TFT. 

3. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises: 

a first scan line disposed on the thin film transistor Sub 
Strate; 

a second scan line disposed on the thin film transistor 
Substrate and arranged in parallel to the first scan line; 
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a plurality of pixels wherein each of the pixels comprises a 
first sub-pixel disposed between corresponding to the 
first scan line and the second scan line, and has a first 
thin-film transistor (TFT), a second TFT, a third TFT and 
a pixel electrode, the pixel electrode is divided into a first 
region and a second region for displaying different sig 
nals, the first TFT is electrically connected to the first 
Scanline via a first gate and connected to the first region 
by a first drain electrode, the second TFT is electrically 
connected to the first scan line via a second gate and 
connected to the second region by a second drain elec 
trode, and the third TFT is electrically connected to the 
second scan line via a third gate and connected to the 
second region by a third drain electrode: 

a data line connecting a first source electrode of the first 
TFT and a second source electrode of the second TFT, 
and 

a storage capacitance line electrically connected to the 
third TFT, 

said LCD panel further comprising: 
an opposing Substrate disposed opposite to the TFT Sub 

strate and having a common electrode, wherein a first 
liquid crystal capacitor is formed between the com 
mon electrode and the first region of the first sub 
pixel, and a second liquid crystal capacitor is formed 
between the common electrode and the second region 
of the first sub-pixel: 

a liquid crystal layer disposed between the TFT sub 
strate and the opposing Substrate; and 

a patterned metal layer disposed opposite to the storage 
capacitance line, wherein a first portion of the pat 
terned metal layer is electrically connected to the first 
region to form a first storage capacitor together with 
the storage capacitance line, a second portion of the 
patterned metal layer is electrically connected to the 
second region and the third TFT to form a second 
storage capacitor together with the storage capaci 
tance line, and a third portion of the patterned metal 
layer is electrically connected to the third TFT to form 
a first auxiliary capacitor together with the storage 
capacitance line and to form a second auxiliary 
capacitor together with the first region, 

wherein region forming ratios of the first region to the 
second region of the first sub-pixel satisfy the formula 
(3): 
Cs-1/Cie C2/Cia (3), 

wherein C denotes the first storage capacitor, C. 
denotes the second storage capacitor, C. denotes the 
first liquid crystal capacitor, and C denotes the second 
liquid crystal capacitor. 

4. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises: 

a first scan line disposed on the thin film transistor Sub 
Strate; 

a second scan line disposed on the thin film transistor 
Substrate and arranged in parallel to the first scan line; 

a plurality of pixels wherein each of the pixels comprises a 
first sub-pixel disposed between corresponding to the 
first scan line and the second scan line, and has a first 
thin-film transistor (TFT), a second TFT, a third TFT and 
a pixel electrode, the pixel electrode is divided into a first 
region and a second region for displaying different sig 
nals, the first TFT is electrically connected to the first 
Scanline via a first gate and connected to the first region 
by a first drain electrode, the second TFT is electrically 
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14 
connected to the first scan line via a second gate and 
connected to the second region by a second drain elec 
trode, and the third TFT is electrically connected to the 
second scan line via a third gate and connected to the 
second region by a third drain electrode: 

a data line connecting a first source electrode of the first 
TFT and a second source electrode of the second TFT, 
and 

a storage capacitance line electrically connected to the 
third TFT, 

wherein the pixels each further comprise a second sub 
pixel and a third sub-pixel, the first sub-pixel, the second 
Sub-pixel and the third sub-pixel are disposed adjacent 
one another along the first scan line, and each of the 
sub-pixels has a ratio R, defined by the formula (4): 

RCs (Cs+C+C) (4), 

wherein Cs denotes an auxiliary capacitor of each of the 
Sub-pixels, C. denotes a liquid crystal capacitor of each 
of the Sub-pixels, and C denotes a storage capacitor of 
each of the sub-pixels. 

5. The LCD panel according to claim 4, wherein the ratio 
R ranges from 0.1 to 0.35. 

6. The LCD panel according to claim 4, wherein the first 
Sub-pixel is a red Sub-pixel, the second Sub-pixel is a green 
sub-pixel, the third sub-pixel is a blue sub-pixel, and the ratio 
R., of each of the sub-pixels satisfies the formula (5): 

(5), 

wherein R. denotes the ratio of the red pixel, R. denotes 
the ratio of the green pixel, and R. denotes the ratio of 
the blue pixel. 

7. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises: 

a first scan line disposed on the thin film transistor Sub 
Strate; 

a second scan line disposed on the thin film transistor 
Substrate; and 

a plurality of pixels each comprising a first Sub-pixel, 
which is disposed between corresponds to the first 
Scan line and the second scan line, 

wherein 
said first sub-pixel has a first thin-film transistor (TFT), 

a second TFT, a third TFT and a pixel electrode, 
the pixel electrode is divided into a first region and a 

second region for displaying different signals, 
the first TFT has a first gate electrically connected to the 

first scan line, and a first drain electrode electrically 
connected to the first region, 

the second TFT has a second gate electrically connected 
to the first scan line, and a second drain electrode 
electrically connected to the second region, 

the third TFT has a third gate electrically connected to 
the second scan line, and a third drain electrode elec 
trically connected to the second region; and 

a data line electrically connecting a first source electrode of 
the first TFT and a second source electrode of the second 
TFT, 

wherein 
the first scan line overlaps a first conductive pattern, 

which is connected to the first drain electrode and 
comprises the first region of the pixel electrode, in a 
first overlapped area; 

the first scan line overlaps a second conductive pattern, 
which is connected to the second drain electrode and 
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comprises the second region of the pixel electrode, in 
a second overlapped area; and 

both said first overlapping area and said second overlap 
ping area are not Zero and said first overlapped area is 
Smaller than said second overlapped area. 

8. The LCD panel according to claim 7, wherein the storage 
capacitance line is disposed between the pixel electrode and 
the second scan line. 

9. The LCD panel according to claim 7, wherein the TFTs 
satisfy the formula (1): 

(1), 

wherein C. denotes a parasitic capacitance between the 
first drain electrode of the first TFT and the first scan 
line, and C denotes a parasitic capacitance between 
the second drain of the second TFT and the first scan 
line. 

10. The LCD panel according to claim 7, wherein the TFTs 
satisfy the formula (2): 

W2/L2eW/LL, (2), 

wherein W is a channel width of the first TFT. W., is a 
channel width of the second TFT, L is a channel length 
of the first TFT and L is a channel length of the second 
TFT. 

11. The LCD panel according to claim 7, further compris 
1ng: 

an opposing Substrate disposed opposite to the TFT Sub 
strate and having a common electrode, wherein a first 
liquid crystal capacitor is formed between the common 
electrode and the first region of the first sub-pixel, and a 
second liquid crystal capacitor is formed between the 
common electrode and the second region of the first 
Sub-pixel; 

a liquid crystal layer disposed between the TFT substrate 
and the opposing Substrate; 

a storage capacitance line formed on the TFT Substrate in 
parallel to the first Scanline and the second scan line and 
electrically connected to the third TFT and 

a patterned metal layer disposed opposite to the storage 
capacitance line, wherein a first portion of the patterned 
metal layer is electrically connected to the first region to 
form a first storage capacitor together with the storage 
capacitance line, a second portion of the patterned metal 
layer is electrically connected to the second region and 
the third TFT to forma second storage capacitor together 
with the storage capacitance line, and a third portion of 
the patterned metal layer is electrically connected to the 
third TFT to form a first auxiliary capacitor together with 
the storage capacitance line and to form a second auxil 
iary capacitor together with the first region; 

wherein region forming ratios of the first region to the 
second region of the first sub-pixel satisfy the formula 
(3): 
Cs-1/Cie C2/Cia 

CapaCd1 

(3), 

wherein C denotes the first storage capacitor, C. 
denotes the second storage capacitor, C. denotes the 
first liquid crystal capacitor, and C denotes the second 
liquid crystal capacitor. 

12. The LCD panel according to claim 7, wherein the pixels 
each further comprise a second sub-pixel and a third Sub 
pixel, the first sub-pixel, the second sub-pixel and the third 
Sub-pixel are disposed adjacent one another along the first 
Scanline, and each of the Sub-pixels has a ratio R, defined by 
the formula (4): 

RCs (Cs+C+C) (4), 

16 
wherein Cs denotes an auxiliary capacitor of each of the 

Sub-pixels, C. denotes a liquid crystal capacitor of each 
of the Sub-pixels, and C denotes a storage capacitor of 
each of the sub-pixels; and 

5 wherein the first sub-pixel is a red sub-pixel, the second 
Sub-pixel is a green Sub-pixel, the third Sub-pixel is a 
blue sub-pixel, and the ratio R, of each of the sub-pixels 
satisfies the formula (5): 

(5), 

wherein R. denotes the ratio of the red pixel, R. denotes 
the ratio of the green pixel, and R. denotes the ratio of 
the blue pixel. 

13. A method of manufacturing a liquid crystal display 
15 (LCD) panel, the method comprising steps of: 

forming a first scan line and a second scan line on a thin 
film transistor (TFT) substrate; 

forming a first TFT and a second TFT having first and 
second gates electrically connected to the first Scanline, 
and first and second drains overlapping the first scan 
line; 

forming a third TFT having a third gate electrically con 
nected to the second scan line; 

forming a data line on the TFT substrate to electrically 
connect first and second sources of the first and second 
TFTs; 

formingapixel electrode on the TFT substrate and between 
the first scan line and the second scan line; 

connecting the TFT substrate to an opposing Substrate; and 
forming a liquid crystal layer between the TFT substrate 

and the opposing Substrate; 
wherein 

the pixel electrode is divided into a first region and a 
second region for displaying different signals, the first 
drain of the first TFT is electrically connected to the 
first region, the second drain of the second TFT is 
electrically connected to the second region, and a 
third drain of the third TFT is electrically connected to 
the second region; and 

a first non-zero overlapped area, where wherein said 
first scan line overlaps said first drain and said first 
region, is formed to be smaller thana second non-zero 
overlapped area, where said first scan line overlaps 
said second drain and said second region. 

14. The method according to claim 13, further comprising 
a step of: 

forming a storage capacitance line on the TFT Substrate, 
wherein the storage capacitance line is electrically con 
nected to the third TFT, and a distance between the 
storage capacitance line and the first scan line is longer 
than a distance between the storage capacitance line and 
the second scan line, 

wherein the storage capacitance line is disposed between 
the pixel electrode and the second scan line. 

15. The method according to claim 14, wherein the dis 
tance between the storage capacitance line and the second 
scan line ranges from 4 um to 20 Jum. 

16. The method according to claim 14, wherein the storage 
capacitance line has at least one electrical extension overlap 
ping an edge of the pixel electrode along the data line. 

17. The method according to claim 14, further comprising 
a step of: 

forming a patterned metal layer on the thin-film transistor 
(TFT) Substrate and opposite to the storage capacitance 
line, wherein a first portion of the patterned metal layer 
is electrically connected to the first region to form a first 
storage capacitor together with the storage capacitance 

10 

25 

30 

35 

40 

45 

50 

55 

60 

65 



US RE44,573 E 
17 

line, a second portion of the patterned metal layer is 
electrically connected to the second region and the third 
TFT to form a second storage capacitor together with the 
storage capacitance line, and a third portion of the pat 
terned metal layer is electrically connected to the third 
TFT to form a first auxiliary capacitor together with the 
storage capacitance line and to form a second auxiliary 
capacitor together with the first region. 

18. The method according to claim 17, wherein region 
forming ratios of the first region to the second region of the 
first sub-pixel satisfy the formula (3): 

Cs-1/Cie C2/Cia (3), 

wherein C denotes the first storage capacitor, C. 
denotes the second storage capacitor, C. denotes the to 
first liquid crystal capacitor, and C denotes the second 
liquid crystal capacitor. 

19. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises. 

a plurality of scan lines disposed in parallel on the thin film 
transistor (TFT) substrate and including a first scan line 
and a second scan line, 

a plurality of pixels, each of the pixels divided into a first 
region and a second region, 

a plurality of TFTs disposed on the TFT substrate and 
including, for each pixel, a first TFT, a second TFT and 
a third TFT, wherein 
the first TFT is electrically connected to the first scan 

line, 
the first TFT is electrically connected to the first region 

by a first drain electrode, 
the second TFT is electrically connected to the first scan 

line, 
the second TFT is electrically connected to the second 

region by a second drain electrode, 
the third TFT is electrically connected to the second 

scan line, and 
the third TFT is electrically connected to the second 

region by a third drain electrode, 
a data line electrically connected to a first source electrode 
of the first TFT and a second source electrode of the 
second TFT and 

a storage capacitance line electrically connected to the 
third TFT, 

wherein the TFTs satisfy the formula (1): 
Ca2Ca1 (1), 

wherein C, denotes a parasitic capacitance between the 
first drain electrode of the first TFT and the first scan 
line, and C denotes a parasitic capacitance between 
the second drain electrode of the second TFT and the 
first scan line. 

20. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises. 

a plurality of scan lines disposed in parallel on the thin film 
transistor (TFT) substrate and including a first scan line 
and a second scan line, 

a plurality of pixels, each of the pixels divided into a first 
region and a second region, 

a plurality of TFTs disposed on the TFT substrate and 
including, for each pixel, a first TFT, a second TFT and 
a third TFT, wherein the first TFT is electrically con 

18 
nected to the first scan line and the first region, the 
second TFT is electrically connected to the first scan line 
and the second region, and the third TFT is electrically 
connected to the second scan line and the second region, 

5 a data line electrically connected to a first source electrode 
of the first TFT and a second source electrode of the 
second TFT and 

a storage capacitance line electrically connected to the 
third TFT, 

10 wherein the TFTs satisfy the formula (2): 

W/LW/L, (2), 

wherein W, is a channel width of the first TFT. W., is a 
channel width of the second TFT, L, is a channel length 

15 of the first TFT and L is a channel length of the second 
TFT 

21. A liquid crystal display (LCD) panel, comprising a thin 
film transistor substrate, wherein the thin film transistor sub 
strate further comprises. 

20 a plurality of scan lines disposed in parallel on the thin film 
transistor (TFT) substrate and including a first scan line 
and a second scan line, 

a plurality of pixels, wherein each of the pixels has a pixel 
electrode divided into a first region and a second region, 

25 a plurality of TFTs disposed on the TFT substrate and 
including, for each pixel, a first TFT, a second TFT and 
a third TFT, wherein the first TFT is electrically con 
nected to the first scan line and the first region, the 
second TFT is electrically connected to the first scan line 

30 and the second region, and the third TFT is electrically 
connected to the second scan line and the second region, 

a data line electrically connected to a first source electrode 
of the first TFT and a second source electrode of the 
second TFT and 

35 a storage capacitance line electrically connected to the 
third TFT, 

said LCD panel further comprising: 
an opposing substrate disposed opposite to the TFT sub 

Strate and having a common electrode, wherein a first 
40 liquid crystal capacitor is formed between the common 

electrode and the first region of the pixel electrode, and 
a second liquid crystal capacitor is formed between the 
common electrode and the second region of the pixel 
electrode, 

45 a liquid crystal layer disposed between the TFT substrate 
and the opposing substrate, 

a first storage capacitor electrically connected to the first 
region of the pixel electrode, 

a second storage capacitor electrically connected to the 
50 second region of the pixel electrode and the third TFT 

and 
a first auxiliary capacitor electrically connected to the 

third TFT, 
wherein region forming ratios of the first region to the 

55 second region of the pixel electrode satisfy the formula 
(3): 
Cs-1/Cief Cs2/Ca2 (3), 

wherein C, denotes the first storage capacitor, C. 
60 denotes the second storage capacitor; C denotes the 

first liquid crystal capacitor, and C denotes the second 
liquid crystal capacitor: 

k k k k k 
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