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(57) ABSTRACT

A liquid crystal display (LCD) panel with color washout
improvement. In one embodiment, the LCD panel includes a
common electrode, a plurality of scanning lines, a plurality of
data lines, and a plurality of pixels formed by the plurality of
data lines crossing the plurality of scanning lines, each pixel
comprising two or more sub-pixels, each sub-pixel compris-
ing a sub-pixel electrode, a transistor electrically coupled to a
corresponding scanning line, a corresponding data line and
the sub-pixel electrode, a liquid crystal capacitor electrically
coupled between the sub-pixel electrode and the common
electrode, and a storage capacitor, wherein at least one of the
storage capacitors of the two or more sub-pixels is electrically
coupled between its corresponding sub-pixel electrode and a
scanning line immediately prior or next to the corresponding
scanning line, and the rest of the storage capacitors of the two
or more sub-pixels each is coupled between its corresponding
sub-pixel electrode and the common electrode.

27 Claims, 9 Drawing Sheets
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LIQUID CRYSTAL DISPLAY PANEL WITH
COLOR WASHOUT IMPROVEMENT BY
SCANNING LINE COUPLING AND
APPLICATIONS OF SAME

FIELD OF THE INVENTION

The present invention relates generally to a liquid crystal
display (LCD), and more particularly to an LCD apparatus
having an LCD panel with color washout improvement by
scanning line coupling and method of driving the same.

BACKGROUND OF THE INVENTION

Liquid crystal display (LCD) is commonly used as a dis-
play device because of its capability of displaying images
with good quality while using little power. An LCD apparatus
includes an LCD panel formed with liquid crystal cells and
pixel elements with each associating with a corresponding
liquid crystal cell and having a liquid crystal capacitor and a
storage capacitor, a thin film transistor (TFT) electrically
coupled with the liquid crystal capacitor and the storage
capacitor. These pixel elements are substantially arranged in
the form of a matrix having a number of pixel rows and a
number of pixel columns. Typically, scanning signals are
sequentially applied to the number of pixel rows for sequen-
tially turning on the pixel elements row-by-row. When a
scanning signal is applied to a pixel row to turn on corre-
sponding TFTs of the pixel elements of a pixel row, source
signals (image signals) for the pixel row are simultaneously
applied to the number of pixel columns so as to charge the
corresponding liquid crystal capacitor and storage capacitor
ofthe pixel row for aligning orientations of the corresponding
liquid crystal cells associated with the pixel row to control
light transmittance therethrough. By repeating the procedure
for all pixel rows, all pixel elements are supplied with corre-
sponding source signals of the image signal, thereby display-
ing the image signal thereon.

Liquid crystal molecules have a definite orientational
alignment as a result of their long, thin shapes. The orienta-
tions of liquid crystal molecules in liquid crystal cells of an
LCD panel play a crucial role in the transmittance of light
therethorugh. For example, in a twist nematic LCD, when the
liquid crvstal molecules are in its tilted orientation, light from
the direction of incidence is subject to various different
indexes of reflection. Since the functionality of LCDs is based
onthe birefringence effect, the transmittance of light will vary
with different viewing angles. Due to such differences in light
transmission, optimum viewing of an LCD is limited within a
narrow viewing angle. The limited viewing angle of LCDs is
one of the major disadvantages associated with the LCDs and
1s a major factor in restricting applications of the LCDs.

Several approaches exist for increasing the viewing angles
of LCDs, such as in-plane switching (IPS), and multi-domain
vertical alignments. IPS mode uses comb-like inter-digitized
electrodes to apply electrical fields in the plane of the sub-
strates, thereby aligning the liquid crystal molecules along the
substrates and providing wide viewing angles for use in wide
viewing angle monitors or other applications. However,
although IPS provides wide viewing angles, it requires high
voltages and has low aperture ratios. In addition, due to the
planar electric field structure, IPS mode inherently suffers
from severe image sticking. In vertical alignment mode, a
multi-domain arrangement is achieved by introducing a pro-
truding structure that forces the liquid crystal molecules to tilt
in different directions. However, vertical alignment mode
requires an extra photolithography step during fabrication.
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Therefore, a heretofore unaddressed need exists in the art
to address the aforementioned deficiencies and inadequacies.

SUMMARY OF THE INVENTION

The present invention, in one aspect, relates to a liquid
crystal display (LCD) panel with color washout improve-
ment. In one embodiment, the LCD panel includes a common
line; a plurality of scanning lines, {G,}, n=1, 2, .. ., N,
spatially arranged along a row direction; and a plurality of
data lines, {D,,}, m=1, 2, ..., M, spatially arranged crossing
the plurality of scanning lines {G,,} along a column direction
perpendicular to the row direction. The LCD panel further
includes a plurality of pixels spatially arranged in the form of
a matrix, each pixel, {P, .}, located between two neighbor-
ing scanning lines G, and G,,,, and two neighboring data lines
D,, and D, ., and comprising at least a first sub-pixel and a
second sub-pixel. Each of the first sub-pixel and the second
sub-pixel has a transistor having a gate, a source and a drain,
a liquid crystal (LC) capacitor having a first terminal and a
second terminal, and a storage capacitor having a first termi-
nal and a second terminal. In one embodiment, each of the
transistors T1and T2 of the first and second sub-pixels of each
pixel is a field-effect thin film transistor (TFT). The storage
capacitor Cstl of the first sub-pixel and the storage capacitor
Cst2 of the second sub-pixel are identical or substantially
different.

The gate, the source and the drain of the transistor T1 of the
first sub-pixel are electrically coupled to the scanning line G,,,
the data line D, and the source of the transistor T2 of the
second sub-pixel, respectively. The first terminal and the sec-
ond terminal of the L.C capacitor Clc1 of the first sub-pixel are
electrically coupled to the drain of the transistor T1 of the first
sub-pixel and the common line, respectively. The first termi-
nal of the storage capacitor Cstl of the first sub-pixel is
electrically coupled to the drain of the first transistor T1 of the
first sub-pixel.

The gate and the drain of the transistor T2 of the second
sub-pixel are electrically coupled to the scanning line G, and
the first terminal of the LC capacitor Clc2 of the second
sub-pixel, respectively. The second terminal of the .C capaci-
tor Clc2 of the second sub-pixel is electrically coupled to the
common line. The first terminal of the storage capacitor Cst2
of the second sub-pixel is electrically coupled to the drain of
the transistor T2 of the second sub-pixel.

At least one of the second terminal of the storage capacitor
Cstl of the first sub-pixel and the second terminal of the
storage capacitor Cst2 of the second sub-pixel is electrically
coupled to the scanning line G, _; or the scanning line G, , |,
and the other of the second terminal of the storage capacitor
Cstl of the first sub-pixel and the second terminal of the
storage capacitor Cst2 of the second sub-pixel is electrically
coupled to the common line.

When a plurality of scanning signals sequentially is
applied to the plurality of scanning lines {G,,}, a plurality of
data signals is simultaneously applied to the plurality of data
lines {D, }, and a common signal is applied to the common
line, potential differences are generated in the sub-pixel elec-
trodes of the first and second sub-pixels of each pixel, respec-
tively.

In one embodiment, each of the plurality of scanning sig-
nals comprises an electrical signal having a period and at least
two potentials. The at least two potentials contains a high
potential and a low potential adapted for respectively turning
on and off the transistors T1 and T2 of the first and second
sub-pixels of each pixel. In one embodiment, at least one of
the plurality of scanning signals comprises a modulating sig-
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nal having at least one potential that is substantially different
from the high potential and the low potential of the atleast one
of the plurality of scanning signals. The at least one potential
ofthe modulating signal is superposed with the at least one of
the plurality of scanning signals in time before the high poten-
tial and/or after the low potential of the at least one of the
plurality of scanning signals. In one embodiment, the modu-
lating signal oscillates in time with at a modulating period,
wherein the modulating period is correlated to the period of
the at least one of the plurality of scanning signals.

In one embodiment, each of the plurality of data signals is
decomposed into a number of frames, where each frame has
a polarity that is opposite to that of its immediately prior
and/or next frame.

In one embodiment, the common signal comprises an elec-
trical signal having a constant potential or alternative poten-
tials oscillating in time with a period.

In another aspect, the present invention relates to a liquid
crystal display (LCD) panel. In one embodiment, the LCD
panel has a common electrode; a plurality of scanning lines;
and a plurality of data lines. Furthermore, the LCD panel has
a plurality of pixels formed by the plurality of data lines
crossing the plurality of scanning lines. Each pixel comprises
two or more sub-pixels, where each of the two or more sub-
pixels hasa sub-pixel electrode, a transistor having a gate, a
source and a drain electrically coupled to a corresponding
scanning line, a corresponding data line and the sub-pixel
electrode, respectively, a liquid crystal (LC) capacitor elec-
trically coupled between the sub-pixel electrode and the com-
mon electrode, and a storage capacitor, where at least one of
the storage capacitors of the two or more sub-pixels is elec-
trically coupled between its corresponding sub-pixel elec-
trode and a scanning line immediately prior or next to the
corresponding scanning line, and the rest of the storage
capacitors of the two or more sub-pixels each is coupled
between its corresponding sub-pixel electrode and the com-
mon electrode. When a plurality of scanning signals is
sequentially applied to the plurality of scanning lines, a plu-
rality of data signals is simultaneously applied to the plurality
of data lines, and a common signal is applied to the common
electrode, potential differences are generated in the sub-pixel
electrodes ofthe two or more sub-pixels of each pixel, respec-
tively.

In one embodiment, each of the plurality of scanning sig-
nals comprises an electrical signal having a period and at least
two potentials, where the at least two potentials contain a high
potential and a low potential adapted for respectively turning
onand off the transistors of the two or more sub-pixels of each
pixel. At least one of the plurality of scanning signals com-
prises a modulating signal having at least one potential that is
substantially different from the high potential and the low
potential of the at least one of the plurality of scanning sig-
nals. The modulating signal oscillates in time with a modu-
lating period, where the modulating period is correlated to the
period of the at least one of the plurality of scanning signals.
Each of the plurality of data signals is decomposed into a
number of frames, each frame having a polarity that is oppo-
site to that of its immediately prior and/or next frame. The
common signal comprises an electrical signal having a con-
stant potential or alternative potentials oscillating in time with
a period.

In yet another aspect, the present invention relates to a
method of driving a liquid crystal display (LCD) with color
washout improvement. In one embodiment, the method
includes comprising the step of providing an LCD panel. The
LCD panel in one embodiment includes a common electrode;
a plurality of scanning lines; a plurality of data lines; and a
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plurality of pixels formed by the plurality of data lines cross-
ing the plurality of scanning lines, each pixel comprising two
or more sub-pixels, each of the two or more sub-pixels com-
prising a sub-pixel electrode, a transistor having a gate, a
source and a drain electrically coupled to a corresponding
scanning line, a corresponding data line and the sub-pixel
electrode, respectively, a liquid crystal (LC) capacitor elec-
trically coupled between the sub-pixel electrode and the com-
mon electrode, and a storage capacitor, wherein at least one of
the storage capacitors of the two or more sub-pixels is elec-
trically coupled between its corresponding sub-pixel elec-
trode and a scanning line immediately prior or next to the
corresponding scanning line, and the rest of the storage
capacitors of the two or more sub-pixels each is coupled
between its corresponding sub-pixel electrode and the com-
mon electrode. Furthermore, the method has the step of
applying a plurality of driving signals to the LCD panel so as
to generate potential differences in the sub-pixel electrodes of
the two or more sub-pixels of each pixel, respectively. Addi-
tionally, the method has the step of generating the plurality of
driving signals.

In one embodiment, the plurality of driving signals com-
prises a plurality of scanning signals sequentially applied to
the plurality of scanning lines, a plurality of data signals
simultaneously applied to the plurality of data lines, and a
common signal applied to the common electrode. Each of the
plurality of scanning signals comprises an electrical signal
having a period and at least two potentials, where the at least
two potentials has a high potential and a low potential adapted
forrespectively turning on and off the transistors of the two or
more sub-pixels of each pixel. At least one of the plurality of
scanning signals comprises a modulating signal having at
least one potential that is substantially different from the high
potential and the low potential of the at least one of the
plurality of scanning signals, wherein the modulating signal
oscillates in time with a modulating period, wherein the
modulating period is correlated to the period of the at least
one of the plurality of scanning signals. In one embodiment,
each of the plurality of data signals is decomposed into a
number of frames, each frame having a polarity that is oppo-
site to that of its immediately prior and/or next frame. The
common signal comprises an electrical signal having a con-
stant potential or alternative potentials changing in time with
a period.

These and other aspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

FIG. 1 partially shows schematically a circuit diagram of
an LCD panel according to one embodiment of the present
invention,

FIG. 2 shows schematically waveform charts of driving
signals applied to the LCD panel shown in FIG. 1, and cor-
responding potentials generated in sub-pixels of the LCD
panel according to one embodiment of the present invention:
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(a) and (c) for different driving signals, and (b) prolonged
waveform charts of FIG. 2a for a specific time period,

FIG. 3 shows schematically waveform charts of driving
signals applied to the LCD panel shown in FIG. 1, and cor-
responding potentials generated in sub-pixels of the LCD
panel according to another embodiment of the present inven-
tion: (a) and (b) for different driving signals;

FIG. 4 shows schematically waveform charts of driving
signals applied to the LCD panel shown in FIG. 1, and cor-
responding potentials generated in sub-pixels of the LCD
panel according to an alternative embodiment of the present
invention: (a) and (b) for different driving signals;

FIG. 5 partially shows schematically a circuit diagram of
an LCD panel according to one embodiment of the present
mvention,;

FIG. 6 shows schematically waveform charts of driving
signals applied to the LCD panel shown in FIG. 5, and cor-
responding potentials generated in sub-pixels of the LCD
panel according to one embodiment of the present invention:
(a) and (b) for different driving signals; and

FIG. 7 partially shows schematically a circuit diagram of
an LCD panel according to one embodiment of the present
invention.

FIG. 8 partially shows schematically a circuit diagram of
an LCD panel according to another embodiment of the
present invention.

FIG. 9 partially shows schematically a circuit diagram of
an LCD panel according to an alternative embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is more particularly described in the
following examples that are intended as illustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled in the art. Various embodiments of the
invention are now described in detail. Referring to the draw-
ings, like numbers indicate like components throughout the
views. As used in the description herein and throughout the
claims that follow, the meaning of “a”, “an”, and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise.

The description will be made as to the embodiments of the
present invention in conjunction with the accompanying
drawings in FIGS. 1-9. In accordance with the purposes of
this invention, as embodied and broadly described herein, this
invention, in one aspect, relates to an LCD panel with color
washout improvement by scanning line coupling. The LCD
panel includes a common electrode, a plurality of scanning
lines, a plurality of data lines, and a plurality of pixels formed
by the plurality of data lines crossing the plurality of scanning
lines. Each pixel has two or more sub-pixels, where each
sub-pixel includes a sub-pixel electrode, a transistor electri-
cally coupled to a corresponding scanning line, a correspond-
ing data line and the sub-pixel electrode, a liquid crystal
capacitor electrically coupled between the sub-pixel elec-
trode and the common electrode, and a storage capacitor. At
least one of the storage capacitors of the two or more sub-
pixels is electrically coupled between its corresponding sub-
pixel electrode and a scanning line immediately prior or next
to the corresponding scanning line, and the rest of the storage
capacitors of the two or more sub-pixels is electrically
coupled between its corresponding sub-pixel electrode and
the common electrode. For such an LCD panel, each of the
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two or more sub-pixels of a pixel has its own electric field
(potential) produced with a variety of driving signals. The
produced electric fields in the sub-pixels are substantially
different from one another. That is the different electric fields
in the two or more sub-pixels of the pixel that results in
different alignments of the LC molecules in the two or more
sub-pixels of the pixel, thereby improving color washout of
the LCD panel.

Referring to FIG. 1, an L.CD panel according to one
embodiment of the present invention is partially and sche-
matically shown. The LCD panel 100 includes a plurality of
scanning lines, G;, G, ..., G,_. G, G,.,, . ... Gy, that are
spatially arranged along a row (scanning) direction 130, and
aplurality of datalines, D, D,,...D,,_;.D,.D,.;1,. ... Dyp
that are spatially arranged crossing the plurality of scanning
lines G, G,, ..., G,_;, G, G,,;, - - . G, along a column
direction 140 perpendicular to the row direction 130. Nand M
are integers greater than one. The LCD panel 100 further has
aplurality of pixels 110 that are spatially arranged in the form
of a matrix. Each pixel 110 is located between two neighbor-
ing scanning lines and two neighboring data lines. For the
purpose of illustration of embodiments of the present inven-
tion, FIG. 1 schematically shows only four scanning lines
G,_,G,_;,G,andG,,, twodatalinesD,,and D, ,,and three
corresponding pixels 110 of the LCD panel 100. Further, each
pixel 110 is adapted to have two sub-pixels.

As shown in FIG. 1, a pixel 110 located, for example,
between two neighboring scanning lines G, _; and G, and two
neighboring data lines D, and D, ,, crossing the two neigh-
boring scanning lines G,,_, and G,, has a first sub-pixel 111
and a second sub-pixel 115. The first sub-pixel 111 includes
a transistor T1, 112 having a gate 112g, a source 1125 and a
drain 112d that are electrically coupled to the scanning line
G,, the data line D, , the source 116s of the transistor 116 of
the second sub-pixel 115, respectively. The first sub-pixel 111
further includes an LC capacitor Clcl, 113 having a first
terminal 1134 and a second terminal 1135 that are electrically
coupled to the drain 1124 of the transistor 112 and a common
line 160, respectively, and a storage capacitor Cst1, 114 hav-
ing a first terminal 114¢ and a second terminal 1145 that are
electrically coupled to the drain 1124 of the transistor 112 and
thescanningline G,,_,, respectively. The scanning line G,,_, is
immediately prior to the scanning line G,, to which the gate
112¢g of the transistor T1 112 of the first sub-pixel 111 is
electrically coupled. The second sub-pixel 115 has a transis-
tor T2, 116, a LC capacitor Clc2, 117 and a storage capacitor
Cst2, 118. The transistor T2 116 has a gate 116g, a source
116s and a drain 1164 that are electrically coupled to the
scanning line G, the drain 1124 of the transistor 112 of the
first sub-pixel 111, and the first terminal 117a of the LC
capacitor Clc2 117, respectively. The second terminal 1175 of
the LC capacitor Cle2 117 is electrically coupled to the com-
mon line 160. The storage capacitor Cst2 118 has a first
terminal 1184 and a second terminal 1184 that are electrically
coupled to the drain 1124 of the transistor 112 of the first
sub-pixel 111 and the common line 160, respectively. The
common line 160 is corresponding to a common electrode.

Additionally, each of the first sub-pixel 111 and the second
sub-pixel 115 also includes a sub-pixel electrode (not shown),
where the sub-pixel electrode of the first sub-pixel 111 has the
nodes A and B, and the sub-pixel electrode of the second
sub-pixel 115 has the nodes C and D, respectively. Alterna-
tively, the nodes A and B are electrically coupled to the
sub-pixel electrode of the first sub-pixel 111, and the nodes C
and D areelectrically coupled to the sub-pixel electrode of the
second sub-pixel 115. In one embodiment, the sub-pixel elec-
trodes of the first sub-pixel 111 and the second sub-pixel 115
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of each pixel 110 are deposited on a first substrate, while the
common electrode is deposited on a second substrate that is
spatially apart from the first substrate. The LC molecules are
filled into cells between the first and second substrates. Each
cell is associated with a pixel 110 of the LCD panel 100.
Voltages (potentials) applied to the sub-pixel electrodes con-
trol orientations of the LC molecules in the LC cells associ-
ated with the corresponding sub-pixels.

The transistor T1 112 and the transistor T2 116 are field-
effect TFT's and adapted for activating the first sub-pixel 111
and the second sub-pixel 115, respectively. Other types of
transistors can also be utilized to practice the present inven-
tion. When the transistor T1 112 and the transistor T2 116 are
selected to be turned on by a scanning signal applied through
the scanning line G,, to which the gate 112g of the transistor
T1 112 and the gate 116g of the transistor T2 116 are electri-
cally coupled, a data signal applied through the correspond-
ing data line D,, 1s written into the first sub-pixel 111 and the
second sub-pixel 115 by means of charging the corresponding
LC capacitors Clc1 113 and Clc2 117, and storage capacitors
Cstl 114 and Cst2 118. The charged potentials of the LC
capacitors Clcl 113 and Clc2 117 of the first and second
sub-pixels 111 and 115 of the pixel 110 are corresponding to
the electrical fields applied to corresponding liquid crystal
cells between the first and second substrates. The storage
capacitor Cstl 114 and the storage capacitor Cst2 118 are
adapted for providing coupling voltages to the corresponding
LC capacitors Clc1 113 and Clc2 117, respectively, to com-
pensate for charge leakages therefrom. The storage capacitors
Cstl 114 and Cst2 118 of the first and second sub-pixels 111
and 115 can be identical or substantially different. In the
exemplary embodiment shown in FIG. 1, the second terminal
1145 of the storage capacitor Cst1 114 and the second termi-
nal 1185 of the storage capacitor Cst2 118 are electrically
coupled to different sources, for example, the scanning line
G,_, and the common line 160, respectively. If the driving
signals applied to the scanning line G,,_, and the common line
160 have different waveforms and potentials, waveform and
potential differences between the LC capacitor Clcl 113 of
the first sub-pixel 111 and the LC capacitor Clc2 117 of the
second sub-pixel 115 may be achieved by the scanning line
coupling. In other words, the L.C molecules associated with
the first sub-pixel 111 and the second sub-pixel 115 may be
aligned at different orientations responsive to the different
waveforms and potentials of the LC capacitors Clel 113 and
Clec2 117, respectively.

The driving signals include a plurality of scanning signals,
a plurality of data signals, and a common signal. Each of the
plurality of scanning signals is an electrical signal having a
period and at least two potentials (values of voltage). The at
least two potentials includes a high potential and a low poten-
tial used to turn on and off the transistors of the sub-pixels of
each pixel, respectively. Among the plurality of scanning
signals, at least one scanning signal comprises a modulating
signal having at least one modulating potential that is sub-
stantially different from the high potential and the low poten-
tial of the at least one scanning signal. The modulating signal
may oscillate in time with a modulating period, where the
modulating period is correlated to the period of the at least
one scanning signal. To control the generation of coupling
voltages between the sub-pixel electrodes and the common
electrode, the atleast one potential of the modulating signal is
preferably modulated into the at least one scanning signal
before the high potential and/or after the low potential of the
atleast one scanning signal. Furthermore, the plurality of data
signals of two consecutive frames of an image may have

20

25

40

45

60

65

8

opposite polarities. Additionally, the common signal can be a
constant potential or alternative potentials changing in time
with a period.

Referring to FIGS. 2-4, waveform charts of the driving
signals applied to the LCD panel of FIG. 1 and corresponding
potentials (coupling voltages) generated in the sub-pixels of
the LCD panel are shown according to various embodiments
of the present invention.

In FIG. 2, the scanning signals 222 and 224 sequentially
applied to the scanning lines G,,_; and G, have four potentials
(values of voltage), Vgh, Vgc2, Vhl and Vgel, where
Vgh>Vge2>Vhi>Vgcl. The potentials Vigh and Vgl are cor-
responding to a high potential and a low potential of the
scanning signal 222 or 224 and adapted for turning on and off
the corresponding transistors T1 and T2 of the first and sec-
ond sub-pixels, respectively. While the potentials Vel and
Vge2 are corresponding to two modulating potentials modu-
lated into the scanning signal 222 or 224 and used to control
the generation of the coupling voltages in the first and second
sub-pixels, respectively. In this exemplary example, the
modulating potentials Vgel and Vge2 are superposed with
the scanning signal 222 or 224 just after the time period of the
high potential Vgh of the scanning signal 222 or 224, i.e., after
the transistors T1 and T2 are turned off. Additionally, the
frequency of the modulating potentials is substantially coin-
cident with the frequency of the scanning signal 222 or 224.

The waveform 260a in FIGS. 2a and 2b is corresponding to
acommon signal, Vcom, having a rectangle wave of two level
oscillations applied to the common line (electrode), while the
waveform 2605 in FIG. 2¢ is the common signal Vcom having
a constant potential applied to the common line. The wave-
forms 211a and 2154 in FIGS. 2a and 25 respectively repre-
sent the potentials, Vpa and Vpb, at the sub-pixel electrodes
(the nodes A and C of FIG. 1) of the first and second sub-
pixels for the applied common signal having the rectangle
wave of two level oscillations. FIG. 25 is the prolonged wave-
form charts of FIG. 2a for a time period 290. The waveforms
2115 and 2154 in FIG. 2c¢ are respectively corresponding to
the potentials Vpa and Vpb at the sub-pixel electrodes of the
first and second sub-pixels for the constant potential common
signal Vcom.

As shown in FIGS. 2g and 25, when the scanning signal
224 applied to the scanning line G, is at its high potential Vigh,
at time t1, the transistor T1 and T2 of the first and second
sub-pixels are turned on, and the LC capacitors Clc1 and Clc2
and the storage capacitors Cstl and Cst2 of the first and
second sub-pixels start being charged responsive to the k-th
frame data signal applied through the data line D, where k is
a positive integer. The charging process of the LC capacitors
Clel and Clc2 and the storage capacitors Cst1 and Cst2 of the
first and second sub-pixels lasts until time t2. Times t1 and (2
are coincident with the start time and the end time of the high
potential Vgh of the scanning signal 224, as shown in FIG. 2a.
Accordingly, both potentials Vpa 211a and Vpb 215a of the
sub-pixel electrodes of the first and second sub-pixels
increase dramatically in the time period of (t2-t1). When the
potential of the scanning signal 224 applied to the scanning
line G,, drops from its high potential Vigh to its modulating
potential Vgel at time t2, the transistors T1 and T2 of the first
and second sub-pixels are turned off, and both potentials Vpa
211a and Vpb 215a reduce slightly due to the feedthrough
effect. During the time period of (t2-t1), the variations of both
potentials Vpa 211a and Vpb 2154 of the sub-pixel electrodes
of the first and second sub-pixels are same. No potential
difference in the first and second sub-pixels is generated in the
time period of (t2-t1).
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However, after time t2, the potentials Vpa 211a and Vpb
215 of the sub-pixel electrodes of the first and second sub-
pixels vary differently. For the potential Vpa 211a of the
sub-pixel electrode of the first sub-pixel where the storage
capacitor Cstl is electrically coupled between the sub-pixel
electrode of the first sub-pixel and the scanning ling G,,_,
immediately prior to the scanning line G, when the potential
of the scanning signal 222 applied to the scanning ling G, _,
increases from its modulating potential Vgel to its low poten-
tial Vgl (Vgl>Vgel) at time t3, due to the capacitive coupling
effect, the potential Vpa 211a of the sub-pixel electrode of the
first sub-pixel increases responsively to the potential increase
of the scanning signal 222 applied to the scanning ling G,,_,.
After time t3, but before time t5 when the transistors T1 and
T2 of the first and second sub-pixels are turned on again, by a
sequentially high potential Vgh of the scanning signal 224
applied to the scanning line G,, the waveform of the potential
211a of the sub-pixel electrode of the first sub-pixel is same as
that of the scanning signal 222 applied to the scanning ling
G,,_, in the time period of (t5-t3). For the potential Vpb 215«
of the sub-pixel electrode of the second sub-pixel, however,
since the storage capacitor Cst2 of the second sub-pixel elec-
trically coupled between the sub-pixel electrode of the second
sub-pixel and the common electrode, it oscillates in the time
period of (t5-t3), responsively to the common signal Vcom
260¢ that is the rectangle wave of two level oscillations, due
1o the capacitive coupling effect. Further, the mean value
215a1 of the potential Vpb 215a of the sub-pixel electrode of
the second sub-pixel is lower than the potential Vpa 211a of
the sub-pixel electrode of the first sub-pixel.

At time t5, the scanning signal 224 changes from its low
potential Vgl to its high potential Vgh so as to turn on the
transistor T1 and T2 of the first and second sub-pixels again,
and the LC capacitors Clcl and Cle2 and the storage capaci-
tors Cstl and Cst2 of the first and second sub-pixels start
being recharged responsive to the (k+1)-th frame data signal
applied through the data line D,,. The recharging process of
the LC capacitors Clcl and Clc2 and the storage capacitors
Cstl and Cst2 of the first and second sub-pixels lasts until
time t6 when the scanning signal 224 changes from its high
potential Vgh to its low potential Vgl. During the recharging
period of (16-t5), both the potential Vpa 211a and Vpb 215«
generated in the first and second sub-pixels are almost same.
Since the polarity of the data signal applied to the data line D,
atthe (k+1)-th frame is substantially opposite to the one of the
data signal applied to the data line D,, at the k-th frame, the
potentials Vpa 211a and Vpb 2154 of the sub-pixel electrodes
of the first and second sub-pixels in the time period of (t6-t5)
vary reversely, compared to that in the time period of (12-t1).
Attime t6, the potential of the scanning signal 224 applied to
the scanning line G,, switches from its high potential Vgh to
its modulating potential Vge2, the transistors T1 and T2 of the
first and second sub-pixels are turned off, and both the poten-
tials Vpa 211a and Vpb 215a further reduce slightly due to the
feedthrough effect, until time t7 when the potential of the
scanning signal 222 applied to the scanning line G, _,
switches from its modulating potential Vgc2 to its low poten-
tial Vgl. After time t7, but before the next time when the
transistor T1 and T2 of the first and second sub-pixels are
turned on, the waveform of the potential 211a of the first
sub-pixel is same as that of the scanning signal 222 applied to
the scanning ling G,,_,, while the waveform of the potential
Vpb 215a of the second sub-pixel is same as that of the
common signal 260a. Accordingly, the potential differences
in the first and second sub-pixels are produced. Additionally,
the variations of the potentials Vpa 211a and Vpb 215a of the
sub-pixel electrodes of the first and second sub-pixels during
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this period are reversely, compared to that during the time
period of (t5-t1), as shown in FIG. 2a.

For the constant potential common signal, represented by
waveform 2605, the differences between the potentials Vpa
2115 and Vpb 2155 of the first and second sub-pixels are also
obtained, as shown in FIG. 2¢. That is, in one pixel, two or
more different potentials (two or more different electric
fields) are established for such driving signals.

FIG. 3 shows the waveform charts of the scanning signals,
the common signal, and the corresponding potentials gener-
ated in the sub-pixel electrodes of the first and second sub-
pixels of a pixel of the LCD panel. In this exemplary embodi-
ment, the scanning signals 322, 324 and 326 sequentially
applied to the scanning lines G,_,, G, and G, ,, have three
levels (potentials), Vgh, Vge and Vhl, where Vgh>Vge>Vel.
The potentials Vgh and Vgl of the scanning signals 322, 324
and 326 are adapted for respectively turning on and off the
transistors T1and T2 of the first and second sub-pixels of each
pixel associated with the scanning line G,_;, G,, and G, .,
while the potential Vgg is corresponding to a modulating
potential used to control the generation of coupling voltages
in the first and/or second sub-pixels of each pixel. During the
time period between two consecutive high potentials Vgh,
each of the scanning signals 322, 324 and 326 oscillates
between the modulating potential Vgc and the low potential
Vgl. Additionally, the common signal 360 applied to the
common electrode is a rectangle wave alternating between
two levels (potentials).

For such driving signals applied to the LCD penal shown in
FIG. 1, one pixel may have different electric fields produced
in different sub-pixels. For example, for a pixel associated
with the scanning line G,,, its first and second sub-pixels have
their own potentials, which are respectively represented by
waveforms 311ap and 315ap for the k-th frame data signal
having a positive polarity, and waveforms 311an and 315an
for the k-th frame data signal having a negative polarity, as
shown in FIG. 3a. During the time period of which the tran-
sistor T1 and T2 of the first and second sub-pixels are turned
on, by the high potential Vgh of the scanning signal 324
applied to the scanning line G,, the LC capacitors Clc1 and
Clc2 and the storage capacitors Cst1 and Cst2 of the first and
second sub-pixels are charged. Accordingly, the potentials of
the firstand second sub-pixels change substantially according
to the data signal applied through the data line D,,. If the data
signal has a positive polarity, the potentials, waveforms
311ap and 315ap, of the first and second sub-pixels increase
dramatically, otherwise, the potentials, waveforms 311ar and
315an, of the first and second sub-pixels decrease dramati-
cally for the data signal having a negative polarity, as shown
in FIG. 3a. During the time period of which the transistor T1
and T2 of the first and second sub-pixels are turned off, the
potential, waveform 311ap or 311an, of the first sub-pixel is
determined by the scanning signal 322 applied to the scan-
ning line G,_,, while the potential, waveform 315ap or
315an, of the second sub-pixel is determined by the common
signal 360 applied to the common electrode. For the k-th
frame data signal having the positive polarity, as shown by
waveforms 311ap and 315ap of FIG. 34, the potential of the
first sub-pixel oscillates in accordance with the scanning sig-
nal 322 and have a mean value 311a1, and the potential of the
second sub-pixel alternates in accordance with the common
signal 360 and have a mean value 31541. Both the first and
second sub-pixels have a potential difference of AVp gener-
ated. For the k-th frame data signal having the negative polar-
ity, as shown by waveforms 311an and 315ar of FIG. 3q, the
difference between the potentials of the first and second sub-
pixels is obtained to be AVn.
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For the (k+1)-th frame data signal applied to the data line
D,,, as shown in FIG. 3b, the variations of the generated
potentials of the first and second sub-pixels are reversely,
compared to those for the k-th frame data signal applied to the
data line D, as shown in FIG. 3a.

FIG. 4 shows the waveform charts of the scanning signals
same as the ones shown in FIG. 3 and the common signal of
a constant potential, and the corresponding potentials gener-
ated in the sub-pixels of each pixel ofthe LCD panel when the
scanning signals and the common signal are applied. As
shown in FIG. da, waveforms 411a and 415q are the poten-
tials of the first and second sub-pixels, respectively, for the
driving signals of the k-th frame data signal with a positive
polarity; waveforms 4115 and 4155 are the potentials of the
first and second sub-pixels, respectively, for the driving sig-
nals of the k-th frame data signal with a negative polarity;
waveforms 411¢ and 415¢ are the potentials of the first and
second sub-pixels, respectively, for the driving signals of the
(k+1)-th frame data signal with a positive polarity; and wave-
forms 411d and 415d are the potentials of the first and second
sub-pixels, respectively, for the driving signals of the (k+1)-th
frame data signal with a negative polarity. In all these embodi-
ments, the potential differences in the first and second sub-
pixels of each pixel of the LCD panel are produced during the
time period of which the transistors T1 and T2 of the first and
second sub-pixels are turned off. Furthermore, the waveforms
of the potentials of the first and second sub-pixels are identi-
cal to the waveforms of the scanning signals and the common
signal, respectively, in the time period. FIG. 45 is correspond-
ing to the scanning signal having an opposite polarity to that
of the scanning signals of FIG. 4a. Similarly, there are poten-
tial differences produced in the first and second sub-pixels of
each pixel of the LCD panel.

Referring to F1G. 5, an LCD panel 500 with color washout
improvement is shown according another embodiment of the
present invention. Similar to the LCD panel shown in FIG. 1,
the LCD panel 500 has a plurality of scanning lines, Gy,
G,,...,G,_,G,.G,,,,...,Gy spatially arranged along a
row direction 530, a plurality of data lines, D}, D,, ..., D,,_,,
D,,D,..1s-..,D,p spatially arranged crossing the plurality
of scanning lines G, G, ..., G,_,G,, G,.,, . . ., Gyalong
a column direction 540 perpendicular to the row direction
530, and a plurality of pixels 510, each pixel 510 located
between two neighboring scanning lines and two neighboring
data lines. Each pixel 510 includes at least a first sub-pixel
511 and a second sub-pixel 515.

The first sub-pixel 511 includes a transistor, T1, 512 having
a gate 512g, a source 5125 and a drain 5124 that are electri-
cally coupled to the scanning line G, , the data line D, , and a
node A, respectively. The first sub-pixel 511 also includes an
LC capacitor, Clcl, 513 having a first terminal 513¢ and a
second terminal 5135 that are electrically coupled to the node
A and a common line 560, respectively, and a storage capaci-
tor, Cstl, 514 having a first terminal 5144 and a second
terminal 5145 that are electrically coupled to a node B and the
common line 560, respectively. The node B is electrically
coupled to the node A. The second sub-pixel 515 has a tran-
sistor, T2, 516, a LC capacitor, Clc2, 517 and a storage
capacitor, Cst2, 518. The transistor T2 516 has a gate 516g, a
source 516s and a drain 5164 that are electrically coupled to
the scanning line G,,, the node B, and a node C, respectively.
The LC capacitor Clc2 517 has a first terminal 517a electri-
cally coupled to the node C and a second terminal 51756
electrically coupled to the common line 560. The storage
capacitor Cst2 518 has a first terminal 518a and a second
terminal 5185 that are electrically coupled to a node D and the
scanning line G,,, ;, respectively. The scanning line G,,,, is
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immediately next to the scanning line G, to which the gate
516g of the transistor T2 516 is electrically coupled. The node
D is electrically coupled to the node C.

Each of the first sub-pixel 511 and the second sub-pixel 515
also include a sub-pixel electrode, where the sub-pixel elec-
trode of the first sub-pixel 511 comprises the nodes A and B,
and the sub-pixel electrode of the second sub-pixel 515 com-
prises the nodes C and D, respectively.

Referring to FIG. 6, waveform charts of the driving signals
applied to the LCD panel of FIG. 5 and corresponding poten-
tials generated in the sub-pixels of the LCD panel are shown.
In this embodiment, the scanning signals 624 and 626 sequen-
tially applied to the scanning lines G, and G,,,, have three
potentials (levels), Vgh, Vge and Vhl, where Vgh>Vgc>Vhl.
The potentials Vgh and Vgl are adapted for respectively turn-
ing on and off the corresponding transistor T1 and T2 of the
first and second sub-pixels. While the potential Vige is used to
control the generation of the coupled voltages in the first and
second sub-pixels. The waveform 660a in FIG. 6a is corre-
sponding to a common signal, Vcom, of a rectangle wave of
two level oscillations applied through the common line (elec-
trode), while the waveform 6605 in FIG. 65 is corresponding
to a common signal, Vcom, of a constant potential applied
through the common line.

The waveforms 611a and 6154 in FIG. 6a represent the
potentials, Vpa and Vpb, at the sub-pixel electrodes (the
nodes A and C of FIG. 5) of the first and second sub-pixels,
respectively, for the applied common signal having the rect-
angle wave of two level oscillations. The waveforms 6115 and
6155 in FIG. 65 represent the potentials Vpa and Vpb at the
sub-pixel electrodes of the first and second sub-pixels,
respectively, for the applied common signal Vcom having the
constant potential.

As shown in FIG. 6a, during the time period of which the
transistor T1 and T2 of the first and second sub-pixels are
turned on by the high potential Vgh of the scanning signal 624
applied to the scanning line G,, the LC capacitors Clcl and
Clc2 and the storage capacitors Cstl and Cst2 of the first and
second sub-pixels are simultaneously charged, and the poten-
tials 611a and 615« of the first and second sub-pixels change
simultaneously to a level that is determined by the data signal
of a frame of an image applied through the data line D,,. In
this period, both potentials are almost same and no potential
difference could be produced in the first and second sub-
pixels. However, when the transistor T1 and T2 of the firstand
second sub-pixels are turned off, due to the capacitive cou-
pling effect, the potential 611q of the first sub-pixel is deter-
mined by the common signal applied to the common elec-
trode while the potential 615a of the second sub-pixel is
determined by the scanning signal 626 applied to the scan-
ning line G, ,, because the storage Cst1 of the first sub-pixel
is electrically coupled between the sub-pixel electrode and
the common electrode and the storage Cst2 of the second
sub-pixel is electrically coupled between the sub-pixel elec-
trode and the scanning line G,,, ;. Accordingly, the potential
difference is produced in the first and second sub-pixels of
each pixel of the LCD panel, as shown in FIG. 6a.

When the common signal is a constant potential signal,
represented by waveform 6605, the difference between the
potentials 6115 and 6155 of the first and second sub-pixels of
a pixel can also be obtained, as shown in FIG. 65.

FIG. 7 shows an alternative embodiment of the LCD panel
700 with color washout improvement according to the present
invention. The LCD panel 700 is similar to that shown in FIG.
1, but each of the storage capacitors Cstl and Cst2 of the first
sub-pixel 711 and the second sub-pixel 715 are electrically
coupled between its corresponding sub-pixel electrode and



US 7,830,346 B2

13

the scanning line G,,_, immediately prior to the scanning line
Gn. Inthis embodiment, both the capacitors Cst1 and Cst2 are
substantially different. The potential difference between the
first and second sub-pixels can be achieved for different driv-
ing signals.

Referring to FI1G. 8, an LCD panel 800 with color washout
improvement is shown according to one embodiment of the
present invention. The LCD panel 800 is similarto that shown
in FIG. 1, but the storage capacitor Cst1 of the first sub-pixel
811 is electrically coupled between its corresponding sub-
pixel electrode and the common line 860, and the storage
capacitor Cst2 of the second sub-pixel 815 is electrically
coupled between its corresponding sub-pixel electrode and
the scanning line G,_, immediately two lines prior to the
scanning line Gn. In this embodiment, both the capacitors
Cstl and Cst2 are substantially different. The potential dif-
ference between the first and second sub-pixels can be
achieved for different driving signals.

FIG. 9 shows an LCD panel 900 with color washout
improvement according to another embodiment of the
present invention. The LCD panel 900 is similar to that shown
in FIG. 1, but the storage capacitor Cst1 of the first sub-pixel
911 is electrically coupled between its corresponding sub-
pixel electrode and the common line 960, and the storage
capacitor Cst2 of the second sub-pixel 915 is electrically
coupled between its corresponding sub-pixel electrode and
the scanning line G,,, , immediately two lines after the scan-
ning line Gn. In this embodiment, both the capacitors Cstl
and Cst2 are substantially different. The potential difference
between the first and second sub-pixels can be achieved for
different driving signals.

One aspect of the present invention provides a method of
improving color washout of an LCD device. In one embodi-
ment, the method includes the steps of providing an LCD
panel as disclosed above, and applying a plurality of driving
signals to the LCD panel so as to generate potential differ-
ences among the sub-pixel electrodes of the two or more
sub-pixels of each pixel. The plurality of driving signals
include a plurality of scanning signals sequentially applied to
the plurality of scanning lines, a plurality of data signals
simultaneously applied to the plurality of data lines, and a
common signal applied to the common electrode.

The foregoing description of the exemplary embodiments
of the invention has been presented only for the purposes of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching,

The embodiments were chosen and described in order to
explain the principles of the invention and their practical
application so as to activate others skilled in the art to utilize
the invention and various embodiments and with various
modifications as are suited to the particular use contemplated.
Alternative embodiments will become apparent to those
skilled in the art to which the present invention pertains with-
out departing from its spirit and scope. Accordingly, the scope
of the present invention is defined by the appended claims
rather than the foregoing description and the exemplary
embodiments described therein.

What is claimed is:
1. A liquid crystal display (LCD) panel with color washout
improvement, comprising:
a, a common line;
b. a plurality of scanning lines, {G,}, n=1, 2, . . . , N,
spatially arranged along a row direction;
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c. a plurality of data lines, {D,,}, m=1, 2, . . ., M, spatially
arranged crossing the plurality of scanning lines {G,}
along a column direction perpendicular to the row direc-
tion; and
d. a plurality of pixels spatially arranged in the form of a
matrix, each pixel, {P, ,}, located between two neigh-
boring scanning lines G, and G, , ; and two neighboring
data lines D,, and D, ,,, and comprising at least a first
sub-pixel and a second sub-pixel, each of the first sub-
pixel and the second sub-pixel comprising a transistor
having a gate, a source and a drain, a liquid crystal (LC)
capacitor having a first terminal and a second terminal,
and a storage capacitor having a first terminal and a
second terminal,
wherein the gate, the source and the drain of the transis-
tor T1 of the first sub-pixel are electrically coupled to
the scanning line G,,, the data line D,,, and the source
of the transistor T2 of the second sub-pixel, respec-
tively;
wherein the first terminal and the second terminal of the
LC capacitor Clc1 of the first sub-pixel are electri-
cally coupled to the drain of the transistor T1 of the
first sub-pixel and the common line, respectively;
wherein the first terminal of the storage capacitor Cst1 of
the first sub-pixel is electrically coupled to the drain of
the first transistor T1 of the first sub-pixel;
wherein the gate and the drain of the transistor T2 of the
second sub-pixel are electrically coupled to the scan-
ning line G,,and the first terminal of the LC capacitor
C1c2 of the second sub-pixel, respectively;
wherein the second terminal of the LC capacitor Cl¢2 of
the second sub-pixel is electrically coupled to the
common line;
wherein the first terminal of the storage capacitor Cst2 of
the second sub-pixel is electrically coupled to the
drain of the transistor T2 of the second sub-pixel; and
wherein one of the second terminal of the storage
capacitor Cstl of the first sub-pixel and the second
terminal of the storage capacitor Cst2 of the second
sub-pixel is electrically coupled to the scanning line
G,,_, or the scanning line G, |, and the other of the
second terminal of the storage capacitor Cstl of the
first sub-pixel and the second terminal of the storage
capacitor Cst2 of the second sub-pixel is electrically
coupled to the common line.

2. The LCD panel of claim 1, wherein when a plurality of
scanning signals is sequentially applied to the plurality of
scanning lines {G,}, a plurality of data signals is simulta-
neously applied to the plurality of data lines {D,,}, and a
common signal is applied to the common line, potential dif-
ferences are generated in the sub-pixel electrodes of the first
and second sub-pixels of each pixel, respectively.

3. The LCD panel of claim 2, wherein each of the plurality
of scanning signals comprises an electrical signal having a
period and at least two potentials, and wherein the at least two
potentials contains a high potential and a low potential
adapted for respectively turning on and off the transistors T1
and T2 of the first and second sub-pixels of each pixel.

4. The LCD panel of claim 3, wherein at least one of the
plurality of scanning signals comprises a modulating signal
having at least one potential that is substantially different
from the high potential and the low potential of the at least one
of the plurality of scanning signals.

5. The LCD panel of claim 4, wherein the at least one
potential of the modulating signal is superposed with the at
least one of the plurality of scanning signals in time prior to
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the high potential and/or subsequent to the low potential of
the at least one of the plurality of scanning signals.

6. The LCD panel of claim 5, wherein the modulating
signal oscillates in time with a modulating period, wherein
the modulating period s correlated to the period of the at least
one of the plurality of scanning signals.

7. The LCD panel of claim 2, wherein each of the plurality
of data signals is decomposed into a number of frames, each
frame having a polarity that is opposite to that of its immedi-
ately prior and/or next frame.

8. The LCD panel of claim 2, wherein the common signal
comprises an electrical signal having a constant potential or
alternative potentials oscillating in time with a period.

9. The LCD panel of claim 1, wherein each of the transis-
tors T1 and T2 of the first and second sub-pixels of each pixel
is a field-effect thin film transistor (TFT).

10. The LCD panel of claim 1, wherein the storage capaci-
tor Cstl of the first sub-pixel and the storage capacitor Cst2 of
the second sub-pixel are identical or substantially different.

11. A liquid crystal display (LCD) panel, comprising:

a. a common electrode;

b. a plurality of scanning lines;

¢. a plurality of data lines; and

d. a plurality of pixels formed by the plurality of data lines

crossing the plurality of scanning lines, each pixel com-
prising two or more sub-pixels, each of the two or more
sub-pixels comprising a sub-pixel electrode, a transistor
having a gate, a source and a drain electrically coupled to
a corresponding scanning line, a corresponding data line
and the sub-pixel electrode, respectively, a liquid crystal
(LC) capacitor electrically coupled between the sub-
pixel electrode and the common electrode, and a storage
capacitor, wherein at least one of the storage capacitors
of the two or more sub-pixels is electrically coupled
between its corresponding sub-pixel electrode and a
scanning line immediately prior or next to the corre-
sponding scanning line, and the rest of the storage
capacitors of the two or more sub-pixels each is coupled
between its corresponding sub-pixel electrode and the
common electrode.

12. The LCD panel of claim 11, wherein when a plurality of
scanning signals is sequentially applied to the plurality of
scanning lines, a plurality of data signals is simultaneously
applied to the plurality of data lines, and a common signal is
applied to the common electrode, potential differences are
generated in the sub-pixel electrodes of the two or more
sub-pixels of each pixel, respectively.

13. The LCD panel of claim 12, wherein each of the plu-
rality of scanning signals comprises an electrical signal hav-
ing a period and at least two potentials, wherein the at least
two potentials contain a high potential and a low potential
adapted for respectively turning on and off the transistors of
the two or more sub-pixels of each pixel.

14. The LCD panel of claim 13, wherein at least one of the
plurality of scanning signals comprises a modulating signal
having at least one potential that is substantially different
from the high potential and the low potential of the atleast one
of the plurality of scanning signals.

15. The LCD panel of claim 14, wherein the modulating
signal oscillates in time with a modulating period, and
wherein the modulating period is correlated to the period of
the at least one of the plurality of scanning signals.

16. The LCD panel of claim 12, wherein each of the plu-
rality of data signals is decomposed into a number of frames,
each frame having a polarity that is opposite to that of its
immediately prior and/or next frame.

17. The LCD panel of claim 12, wherein the common
signal comprises an electrical signal having a constant poten-
tial or alternative potentials oscillating in time with a period.
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18. The LCD panel of claim 11, wherein each of the tran-
sistors of the two or more sub-pixels of each pixel is a field-
effect thin film transistor (TFT).

19. The LCD panel of claim 11, wherein the storage capaci-
tors of the two or more sub-pixel are identical or substantially
different from one another.

20. A method of driving a liquid crystal display (LCD) with
color washout improvement, comprising the steps of:

a. providing an LCD panel comprising:

(1) a common electrode;

(ii) a plurality of scanning lines;

(iii) a plurality of data lines; and

(iv) a plurality of pixels formed by the plurality of data
lines crossing the plurality of scanning lines, each
pixel comprising two or more sub-pixels, each of the
two or more sub-pixels comprising a sub-pixel elec-
trode, a transistor having a gate, a source and a drain
electrically coupled to a corresponding scanning line,
a corresponding data line and the sub-pixel electrode,
respectively, a liquid crystal (LC) capacitor electri-
cally coupled between the sub-pixel electrode and the
common electrode, and a storage capacitor, wherein
at least one of the storage capacitors of the two or
more sub-pixels is electrically coupled between its
corresponding sub-pixel electrode and a scanning line
immediately prior or next to the corresponding scan-
ning line, and the rest of the storage capacitors of the
two or more sub-pixels each is coupled between its
corresponding sub-pixel electrode and the common
electrode; and

b. applying a plurality of driving signals to the LCD panel

50 as to generate potential differences in the sub-pixel
electrodes of the two or more sub-pixels of each pixel,
respectively.

21. The method of claim 20, further comprising the step of
generating the plurality of driving signals.

22. The method of claim 21, wherein the plurality of driv-
ing signals comprises a plurality of scanning signals sequen-
tially applied to the plurality of scanning lines, a plurality of
data signals simultaneously applied to the plurality of data
lines, and a common signal applied to the common electrode.

23. The method of claim 22, wherein each of the plurality
of scanning signals comprises an electrical signal having a
period and at least two potentials, and wherein the at least two
potentials has a high potential and a low potential adapted for
respectively turning on and off the transistors of the two or
more sub-pixels of each pixel.

24. The method of claim 23, wherein at least one of the
plurality of scanning signals comprises a modulating signal
having at least one potential that is substantially different
from the high potential and the low potential of the at least one
of the plurality of scanning signals.

25. The method of claim 24, wherein the modulating signal
oscillates in time with a modulating period, wherein the
modulating period is correlated to the period of the at least
one of the plurality of scanning signals.

26. The method of claim 22, wherein each of the plurality
of data signals is decomposed into a number of frames, each
frame having a polarity that is opposite to that of its immedi-
ately prior and/or next frame.

27. The method of claim 22, wherein the common signal
comprises an electrical signal having a constant potential or
alternative potentials changing in time with a period.
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