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(57) ABSTRACT

A liquid crystal display and a driving method thereof are
provided. The liquid crystal display includes a plurality of
pixels, a plurality of scan lines, and a plurality of data lines.
Each pixel includes a plurality of sub-pixels. Each sub-pixel
is coupled to the data line, and includes a switch, a storage
capacitor, and a sub-pixel electrode. The switch is coupled to
a scan line to receive a scan signal. The switch is turned on by
the scan signal to receive a data signal transmitted from the
data line. The storage capacitors of the sub-pixels of each
pixel are coupled to the scan lines, or the storage capacitor of
one of the sub-pixels of each pixel is coupled to a common

21) Appl. No.: 12/056,355
(21) Appl-No ’ electrode and the storage capacitors of the other sub-pixels
are coupled to the scan lines. The switch and the storage
(22) Filed: Mar. 27,2008 capacitor of each sub-pixel are coupled to different scan lines.
The method includes transmitting the scan signal having a
plurality of voltage levels to modulate the voltage levels of
(30) Foreign Application Priority Data one or more sub-pixel electrodes of the sub-pixels of the same
pixel, thereby enabling the sub-pixels of the same pixel to
Jul. 26,2007 (TW) oo 096127335 have different voltage levels.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates generally to a display,
and particularly to a liquid crystal display and a driving
method thereof.

BACKGROUND OF THE INVENTION

[0002] Owing to its superiority in resolution, weight, thick-
ness and power consumption over a tradition cathode ray tube
(CRT) display, a liquid crystal displays (LCD) is gradually
replacing the traditional CRT display. In addition, the LCD
technology progresses rapidly and the applications of elec-
tronic products expand continuously, thereby the applications
of the LCD become increasingly extensive.

[0003] Thepicture of an LCD includes a plurality of pixels,
and each of which pixels contains liquid crystals with a cer-
tain area for displaying images. Because liquid crystals will
deflect under the influence of electric field and hence change
transmission rate of light, when the LCD displays images,
voltages will be applied to the pixels for producing electric
field to the liquid crystals in the pixel areas. Thereby, the
deflection angles of the liquid crystals in the pixel areas can be
controlled. As a result, the transmission rate of light can be
controlled, and the luminance of the pixels can be controlled
accordingly. However, because the liquid crystals in each of
the pixel are as deflect to a single deflection angle under the
control of a single electric potential, when viewing pictures at
different viewing angles, color and luminance distortion will
occur owing to different angles between the line of sight and
the liquid crystals. This phenomenon is called color washout.
This phenomenon will make colors of images viewed at large
viewing angles different from those viewed at the right angle.
Thereby, only within a certain viewing angle color images
with normal luminance can be viewed. If viewing the pictures
of an LCD beyond the certain viewing angle, color distorted
pictures will be viewed owing to differences in luminance.
[0004] Accordingly, the present invention provides an LCD
and a driving method thereof, which solve the problems of
color and luminance distortion at different viewing angles on
the LCD pictures. Thereby, the display performance of the
LCD can be improved, and the problems described can be
solved.

SUMMARY

[0005] An objective of the present invention is to provide a
liquid crystal display and a driving method thereof. Accord-
ing to the present invention, the liquid crystals in each pixel
area have a plurality of deflection angles such that when
viewing pictures at any viewing angles, the summations of the
angles between the line of sight and the liquid crystals with
different deflection angles vary only slightly. Thereby, color
washout phenomenon can be avoided. Hence, by increasing
the viewing angle of a liquid crystal display, the displaying
performance thereof can be improved.

[0006] The liquid crystal display according to the present
invention includes a plurality of scan lines, a plurality of data
lines, a plurality of pixels, a data driver, and a scan driver. The
scan lines and data lines, which are used for transmitting scan
signals and data signals, are arranged in rows and in columns,
respectively, and cross each other. Each of the pixels accord-
ing to the present invention has a plurality of sub-pixels. Each

Jan. 29, 2009

of the sub-pixels is electrically coupled with a switch, a stor-
age capacitor, and a sub-pixel electrode. The switch is
coupled to a scan line. In addition, the storage capacitors of
the sub-pixels of each pixel are coupled to the scan lines, or
the storage capacitor of one of the sub-pixels of each pixel is
coupled to a common electrode and the storage capacitors of
the other sub-pixels are coupled to the scan lines. The switch
and the storage capacitor of each sub-pixel are coupled to
different scan lines. The data driver is coupled to the data
lines, and transmits data signals to the sub-pixels, respec-
tively. The scan driver is coupled to the scan lines, transmits
scan signals to the switches in each row of the sub-pixels, and
thereby turns on the switches for receiving the data signals. A
preferred driving method according to the present invention
includes transmitting the scan signal having a plurality of
voltage levels to the pixels in each row to modulate the volt-
age level of at least one sub-pixel electrode of the sub-pixels
of the same pixel, thereby enabling the sub-pixels of the same
pixel to have different voltage levels. Accordingly, the deflec-
tion angles of the liquid crystals in the same pixel area are
different. Thus, the color washout phenomenon can be
solved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a circuit diagram according to a pre-
ferred embodiment of the present invention;

[0008] FIG. 2 shows the waveforms of the scan signals
according to a preferred embodiment of the present invention;
[0009] FIG. 3 shows other waveforms of the scan signals
according to a preferred embodiment of the present invention;
[0010] FIG. 4 shows other waveforms of the scan signals
according to a preferred embodiment of the present invention;
[0011] FIG. 5 shows other waveforms of the scan signals
according to a preferred embodiment of the present invention;
[0012] FIG. 6 shows other waveforms of the scan signals
according to a preferred embodiment of the present invention;
[0013] FIG. 7 shows another circuit diagram according to
another preferred embodiment of the present invention;
[0014] FIG. 8 shows another circuit diagram according to
another preferred embodiment of the present invention;
[0015] FIG. 9 shows other waveforms of the scan signals
according to another preferred embodiment of the present
invention;

[0016] FIG. 10 shows other waveforms of the scan signals
according to another preferred embodiment of the present
invention;

[0017] FIG. 11 shows a layout diagram according to a pre-
ferred embodiment of the present invention; and

[0018] FIG. 12 shows another layout diagram according to
another preferred embodiment of the present invention.

DETAILED DESCRIPTION

[0019] In order to make the structure and characteristics as
well as the effectiveness of the present invention to be further
understood and recognized, the detailed description of the
present invention is provided as follows along with preferred
embodiments and accompanying figures.

[0020] FIG. 1 shows a circuit diagram according to a pre-
ferred embodiment of the present invention. As shown in the
figure, a liquid crystal display (LCD) 1 includes a scan driver
10, a plurality of scan lines 15, a data driver 20, a plurality of
data lines 25, a timing controller 30, and a plurality of pixels
40. The scan driver 10 is coupled to the scan lines 15 for
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transmitting scan signals, wherein the scan lines 15 {G,, }, n=1
2,...,N,...,arearranged in rows, N being a positive integer.
The data driver 20 is coupled to the data lines 25 for trans-
mitting data signals, wherein the data lines 25 {D,,}, m=1, 2,

.» M, ..., arearranged in columns, M being a positive
integer, and cross the scan lines 15. The timing controller 30
is coupled to the scan driver 10 and the data driver 20, and is
used for controlling the scan driver 10 and the data driver 20
for transmitting the scan signals and data signals.

[0021] The pixels 40 are arranged in matrix. Each of the
pixels 40 has a plurality of sub-pixels. In the present preferred
embodiment, the pixel 40 has a first sub-pixel 41 and a second
sub-pixel 45. Switches 42, 46, storage capacitors 43, 47, and
LCD capacitors 44, 48 are adapted in the first and the second
sub-pixels 41, 45, respectively. The switches 42, 46 can be
transistors with the gates thereof coupled to a scan line 15,
respectively, for turning on the transistors by receiving the
scan signals. Besides, the sources of the switches 42, 46 are
coupled to a data line 25 for receiving the data signals when
the transistors are turned on. The drain of the switch 42 and
one terminal of the storage capacitor 43 are coupled to a
sub-pixel electrode of the first sub-pixel 41, wherein the sub-
pixel electrode is one terminal of the LCD capacitor 44. The
other terminal of the storage capacitor 43 is coupled to the
scan line 15 of the previous row. For example, the storage
capacitor 43 of the first sub-pixel 45 of the scan line 15 on the
N-th row is coupled to the scan line 15 on the (N-1)-th row,
the switch 42 and the storage capacitor 43 of the first sub-
pixel 41 are coupled to different scan lines 15 on the N-th and
the (N-1)-th rows. Similar to the description above, the drain
of the switch 46 of the second sub-pixel 45 and one terminal
of the storage capacitor 47 are coupled to a sub-pixel elec-
trode of the second sub-pixel 45, which means coupling elec-
trically with the LCD capacitor 48. The other terminal of the
storage capacitor 47 is coupled to the scan line 15 of the
previous row. As shown in the figure, the storage capacitor 47
of the second sub-pixel 45 of the scan line 15 on the (N+1)-th
row is coupled to the scan line 15 on the N-th row, the switch
46 and the storage capacitor 47 of the second sub-pixel 45 are
coupled to different scan lines 15 onthe (N+1)-th and the N-th
rows.

[0022] According to the preferred embodiment of the
present invention, each pixel 40 is divided into a plurality of
sub-pixels 41, 45, and the storage capacitors 43, 47 of the
sub-pixels 41, 45 are coupled to the corresponding scan lines
15 of the previous row, respectively. Namely, they are coupled
to the scan lines 15 on the other rows, the switches 42, 46 and
the storage capacitor 43, 47 of the sub-pixels 41, 45 are
coupled to different scan lines 15. As shown in FIG. 1, the
storage capacitor 43 of the scan line 15 on the N-th row is
coupled to the scan line 15 on the (N-1)-th row. Thereby, the
voltage level of the storage capacitors 43, 47 will be influ-
enced by the driving signals of the corresponding scan lines
15 on the previous rows when the switches 42, 46 receive the
scan signals, and hence the voltage levels of the sub-pixel
electrodes of the sub-pixels will change. Consequently, the
scan driver 10 according to the present invention modulates
the voltage levels of the storage capacitors 43, 47 of the
sub-pixels 41, 45 by transmitting scan signals with a plurality
of voltage levels. Thereby, the voltage levels of the sub-pixel
electrode of the sub-pixels 41, 45 are influenced to make the
sub-pixels 41, 45 of the same pixel 40 have different voltage
levels. Hence, the sub-pixels 41, 45 will produce different
electric fields to act on the liquid crystals in the areas thereof.
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That is to say, the liquid crystals in the areas of the sub-pixel
41, 45 will deflect at different angles, so the liquid crystals in
the area of the pixel 40 will deflect at different angles. Accord-
ingly, when viewing the picture from any viewing angle, the
color washout phenomenon will be avoided or be alleviated,
and the displaying performance of LCDs will be improved.

[0023] FIG. 2 shows the waveforms of the scan signals
according to a preferred embodiment of the present invention.
As shown in the figure, the scan signal of the scan line 15 on
the (N=1)-th row has three voltage levels, which are Vgh,
Vgel, and Vgl, respectively; the scan signal of the scan line
15 on the N-th row also has three voltage levels, which are
Vgh, Vge2, and Vgl, respectively. The scan signal of the scan
line 15 on the (N+1)-th row is the same as the scan line signal
of the scan line 15 on the (N-1)-th row. Likewise, the scan
signal of the scan line 15 on the (N+2)-th row is the same as
the scan line signal of the scan line 15 on the N-th row.
Because the storage capacitor 43 of the first sub-pixel 41 of
the scan line 15 on the N-th row is coupled to the scan line 15
on the (N-1)-th row, the voltage level of the first sub-pixel 41
will be influenced by the scan signal of the scan line 15 on the
(N-1)-th row. When the voltage level of the scan signal
received by the switch 42 of the first sub-pixel 41 is raised
from Vgl to Vigh, the storage capacitor 43 starts to charge, and
thereby the voltage level of the first sub-pixel is raised accord-
ingly.

[0024] When the voltage level is lowered from Vgh to
Vge2, the voltage of the storage capacitor 43 will be lowered,
and hence the voltage level of the first sub-pixel 41 will be
lowered accordingly and under the influence of the voltage
level Vgel of the scan signal of the scan line 15 on the
(N-1)-th row. Then, the voltage level of first sub-pixel 41 will
be raised in accordance with the increase of the voltage level
ofthe scan signal of the scan line 15 on the (N-1)-th row from
Vgel to Vel. Finally, the voltage level of first sub-pixel 41
will be lowered in accordance with the decrease of the voltage
level of the scan signal of the scan line 15 on the N-th row
from Vge2 to Vgl. From the description above, the voltage
difference of the first sub-pixel 41 of the scan line 15 on the
N-th row is [Vgel-Vgll.

[0025] Likewise, the voltage level of the storage capacitor
47 of the second sub-pixel 45 of the scan line 15 on the
(N+1)-th row is influenced by the scan signal of the scan line
15 on the N-th row. As shown in the figure, the voltage
difference of the second sub-pixel 45 is IVgc2IVgll. Because
there is a difference between the scan signals of the scan line
15 on the (N-1)-th row and on the N-th row, there is a
difference between the voltage levels of the scan lines 15 of
the first sub-pixel 41 on the N-th row and of the second
sub-pixel 45 on the (N+1)-th row. Thereby, the objective of
the present invention is achieved. In addition, according to the
present invention, the voltage difference of the first sub-pixel
41 is greater than that of the second sub-pixel 45, that is,
[VecllVgll>Vge2-Vgl|. Furthermore, owing to the charac-
teristics of liquid crystals, the electric field acting on the
liquid crystals at the same location needs to change its direc-
tion, just like alternating currents, and thereby avoiding life-
time shortening of the liquid crystals. Therefore, the scan
signals according to the present invention will invert in accor-
dance with the change of frames. As shown in the figure, the
scan signal of the scan line 15 on each row inverts while
changing from a first frame to a second frame, just like alter-
nating currents. FIGS. 3 to 6 show other waveforms of the
scan signals according to a preferred embodiment of the
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present invention. The scan signal of the scan line 15 on the
N-th row according to the preferred embodiment of FIG. 3 has
two voltage levels including Vgh and Vgl. As shown in the
figure, the voltage difference of the second sub-pixel 45 of the
scan line 15 on the (N+1)-th row is 0, while the voltage
difference of the first sub-pixel 41 of the scan line 15 on the
N-th row is still [Vge1-Vgll. Hence, the voltage difference of
the first sub-pixel 41 is greater than that of the second sub-
pixel 45. The scan signals according to the preferred embodi-
ment in FIG. 4 have four voltage levels. The voltage levels of
the scan line 15 on the (N-1)-th row are Vgh, Vgel, Vige3, and
Vgl, while the voltage levels of the scan line 15 on the N-th
row are Vgh, Vgc2, Vged, and Vgl. The voltage difference of
the scan line 15 of the first sub-pixel 41 on the N-th row is
[Vec1-Vgl|, while the voltage difference of the scan line 15
of the second sub-pixel 45 on the (N+1)-th row is IVge2-
Vgll, where IVgel-Vgll>IVge2-Vgll.

[0026] The scan line signal of the scan line 15 on the N-th
row according to the preferred embodiment of FIG. 5 has
three voltage levels including Vigh, Vge2, and V1. The volt-
age difference of the scan line 15 of the second sub-pixel 45
on the (N+1)-th row is IVgc2-Vgll, while the voliage differ-
ence of the scan line 15 of the first sub-pixel 41 on the N-th
row is the same as the one in the previous preferred embodi-
ment, where [Vgel-Vgll>Vge2-Vell. The scan line signal
of the scan line 15 on the N-th row according to the preferred
embodiment of FIG. 6 has two voltage levels including Vgh
and Vgl. The voltage difference of the scan line 15 of the
second sub-pixel 45 on the (N+1)-th row is O, while the
voltage difference of the scan line 15 of the first sub-pixel 41
on the N-th row is the same as the one in the previous pre-
ferred embodiment. Thereby, the voltage difference of the
first sub-pixel 41 is greater than that of the second sub-pixel
45.

[0027] FIG. 7 shows another circuit diagram according to
another preferred embodiment of the present invention. As
shown in the figure, the storage capacitor 47 of the second
sub-pixel 45 according to the present invention is coupled to
a common electrode Vcom, and thereby the voltage level of
the second sub-pixel 45 will not be modulated. However, the
voltage level of the first sub-pixel 41 will still be modulated
by the scan signal of the scan line 15 on the previous row.
Hence, there is still a difference between the voltage levels of
the first and the second sub-pixels 41, 45. Consequently, the
color washout phenomenon can be avoided by deflecting the
liquid crystals in the areas of the sub-pixel 41, 45 of the pixel
40 at different angles. From the preferred embodiments of
FIGS. 1to 7, it is known that in addition to the two preferred
embodiments described above, the storage capacitor 43 of the
first sub-pixel 41 can be coupled to the scanline 15 on the next
row, or the storage capacitors 43, 47 of the first and second
sub-pixels 45, 47, respectively, can be coupled to the corre-
sponding next scan lines 15. Alternatively, the storage capaci-
tor 43 of the first sub-pixel 41 can be coupled to the scan line
15 on the previous row, while the storage capacitor 47 of the
second sub-pixel 45 can be coupled to the scan line 15 on the
next row, which means coupling to the scan line 15 on the
other row. The switches 42, 46 and the storage capacitor 43,
47 of the sub-pixels 41, 45 are coupled to different scan lines
15.

[0028] FIG. 8 shows another circuit diagram according to
another preferred embodiment of the present invention. As
shown in the figure, the switches 42, 46 of the sub-pixels 41,
45 of each pixel 40 are coupled to the same scan line 15.
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Thereby, the number of scan lines can be decreased, and
hence the cost can be reduced. Besides, the storage capacitor
43 of'the first sub-pixel 41 is coupled to the scan line 15 on the
previous row, while the storage capacitor 47 of the second
sub-pixel 45 is coupled to the scan line 15 on the next row.
Moreover, the switch 42 of the first sub-pixel 41 is coupled to
the data line 25, while the switch 46 of the second sub-pixel
45 is coupled electrically to the switch 42. Thereby, the data
signals will be transmitted to the switch 46 of the second
sub-pixel 45 by way of the switch 42 of the first sub-pixel 41.
That is, the switches 42, 46 are equivalently coupled to the
same data line 25. From the description above, the voltage
levels of the sub-pixels 41, 45 of the pixel 40 will be modu-
lated by the scan signals of the scan lines 15 on the previous
and next rows, respectively. Hence, there is a voltage differ-
ence between the sub-pixels 41, 45. Accordingly, the color
washout phenomenon can be avoided.

[0029] FIG. 9 shows waveforms of the scan signals applied
in the preferred embodiment of FIG. 8. As shown in FIG. 9,
the scan signals have four voltage levels including Vgh, Vecel,
Vge2, and Vgl. Taking the pixel 40 of the scan line 15 on the
N-th row for example, when the voltage level of the scan
signal of the scan line 15 on the N-th row drops to Vge1 from
Vgh, the voltage level of the first sub-pixel 41 will be modu-
lated by the scan signal of the scan line 15 on the (N-1)-th
row, while the voltage level of the second sub-pixel 45 will be
modulated by the scan signal of the scan line 15 on the
(N+1)-th row. The scan signals shown in FIG. 10 are also
applied in the preferred embodiment of FIG. 8. The difference
between the preferred embodiments of FIG. 10 and FIG. 9 is
that the scan signals of the preferred embodiment of FIG. 10
have three voltage levels including Vgh, Vgcl, and Vge2.

[0030] In the preferred embodiment shown in FIG. 8, the
storage capacitor 47 of the second sub-pixel 45 can be
coupled to the common electrode Vcom and not be modu-
lated, while the storage capacitor 43 of the first sub-pixel 41
is still coupled to the scan line 15 on the previous row and is
modulated. Alternatively, the storage capacitor 43 of the first
sub-pixel 41 can be coupled to the common electrode Vcom
and not be modulated, while the storage capacitor 47 of the
second sub-pixel 45 is still coupled to the scan line 15 on the
next row and is modulated. Besides, the storage capacitors 43,
47 of the first and second sub-pixels 41, 45 on the N-th row
can be coupled to the scan lines 15 on the (N+1)-th and the
(N+2)-th rows, respectively. Alternatively, the storage capaci-
tors 43,47 of the first and second sub-pixels 41, 45 on the N-th
row can be coupled to the scan lines 15 on the (N-1)-th and
the (N-2)-th rows, respectively.

[0031] FIG. 11 shows a layout diagram according to the
preferred embodiment of FIG. 8. In order to avoid crossing
the scan line 15 on the same row when the storage capacitor
47 of the second sub-pixel 45 is coupled to the scan line 15 on
the next row as shown in the circuit of FIG. 8, the pixel is
designed to be “B-shaped. where the first and the second
sub-pixels 41, 45 are “K”- and “ ¢”-shaped, respectively. The
second sub-pixel 45 is coupled between the two triangles of
the first sub-pixel 41 to form the “E” shape. The scan lines are
designed to be “T’-shaped, and the scan lines on even rows
and on odd rows are located on both sides of the LCD, respec-
tively. Besides, the openings of the “C” shapes face to each
other. Thereby, the bottom horizontal lines of the “’-shaped
scan lines 15 can be coupled to the lower part of the pixels 40,
and be coupled to the switches 42, 46 of the first and second
sub-pixels 41, 45, respectively. In addition, the bottom hori-
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zontal lines of the “T’-shaped scan lines 15 can cross the
upper part of the pixel 40 on the next row, and be coupled to
the storage capacitor 43 of the first sub-pixel 41 of the pixel
40. Moreover, the top horizontal lines ofthe “T’-shaped scan
lines 15 can cross the center part of the pixel 40, and be
coupled to the storage capacitor 47 of the second sub-pixel 45
of the pixel 40 on the previous row. By the description and
figures above, it is known that such a layout design can make
the storage capacitors 43, 47 of the sub-pixels 41, 45 of the
pixel 40 be coupled to the scan lines on the previous and next
rows, respectively, without crossing the scan lines 15 on the
same row.

[0032] FIG.12shows another layout diagram applied in the
preferred embodiment of F1G. 8. The switches 42, 46 of the
sub-pixels 41, 45 according to the present preferred embodi-
ment are coupled to the data line 25, and the formats of the
sub-pixels 41, 45 and the scan lines 15 are different from the
preferred embodiment of FIG. 11. According to the present
preferred embodiment, the sub-pixels 41, 45 are rectangular,
and the first and second sub-pixels 41, 45 are arranged up and
down with the first sub-pixel 41 located on top of the second
sub-pixel 45. In addition, the scan lines 15 are arranged zig-
zag ina “=2” shape. The first sub-pixel 41 is located between
the top and the center horizontal lines of the zigzag scan line
15, while the second sub-pixel 45 is located between the
center and the bottom horizontal lines of the zigzag scan line
15. The switches 42, 46 of the first and second sub-pixels are
coupled to the center horizontal line of the “=”-shaped scan
line 15, and are coupled to the data line 25. Besides, the top
horizontal line of the zigzag scan line 15 crosses the second
sub-pixel 45 on the previous row, and is coupled to the storage
capacitor 47, while the bottom horizontal line of the zigzag
scan line 15 crosses the first sub-pixel 41 on the next row, and
is coupled to the storage capacitor 43.

[0033] To sum up, according to the liquid crystal display
and the driving method thereof of the present invention, each
pixel is divided into a plurality of sub-pixels, and the storage
capacitors of the sub-pixels of each pixel are coupled to the
scan lines. Alternatively, the storage capacitor of one of the
sub-pixels of each pixel is coupled to a common electrode,
and the storage capacitors ofthe rest sub-pixels are coupled to
the scan lines. The switch and the storage capacitor of each
sub-pixel are coupled to different scan lines. In addition, with
the scan signals having a plurality of voltage levels, the volt-
age levels of the sub-pixel electrodes of one or more sub-
pixels of the pixels can be modulated, and thereby the sub-
pixels in the same pixel can have different voltage levels. As
a result, said sub-pixels can have different electric field
strengths for driving the liquid crystals of said sub-pixels of
each pixel to deflect at different angles, and hence, to have
different transmission rates. Thereby, luminance and color
distortion phenomena will be avoided while viewing the pic-
tures of a liquid crystal display. Consequently, the displaying
performance of the liquid crystal display is improved.

[0034] Accordingly, the present invention conforms to the
legal requirements owing to its novelty, non-obviousness, and
utility. However, the foregoing description is only a preferred
embodiment of the present invention, not used to limit the
scope and range of the present invention. Those equivalent
changes or modifications made according to the shape, struc-
ture, feature, or spirit described in the claims of the present
invention are included in the appended claims of the present
invention.
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What is claimed is:

1. A liquid crystal display, comprising:

a plurality of scan lines arranged in rows, the scan lines
including a N-th scan line and N being a positive integer;

a plurality of data lines arranged in columns and crossing
the scan lines;

a plurality of pixels corresponding to the scan lines, each
pixel having a plurality of sub-pixels, each sub-pixel
having a switch, a storage capacitor, and a sub-pixel
electrode, the sub-pixel electrode being coupled electri-
cally to the switch and the storage capacitor, the switches
of the sub-pixels of each pixel being coupled to the same
scan line, the storage capacitors of the sub-pixels of each
pixel being coupled to the scan lines, the switch and the
storage capacitor of each sub-pixel being coupled to
different scan lines, and each sub-pixel being coupled to
one of the data lines;

a data driver coupled electrically to the data lines, and
transmitting data signals to the sub-pixels, respectively;
and

a scan driver, coupled electrically to the scan lines, and
transmitting scan signals to the switches of the sub-
pixels on each row, respectively, for turning the switches
on for receiving the data signals.

2. The liquid crystal display of claim 1, wherein the scan
signals transmitted by the scan driver have a plurality of
voltage levels for modulating voltage levels of one or more
sub-pixel electrodes of the sub-pixels of the same pixel, and
for enabling the sub-pixels of the same pixel to have different
voltage levels.

3. The liquid crystal display of claim 1, wherein each pixel
has a first sub-pixel and a second sub-pixel, the two storage
capacitors of the first sub-pixel and the second sub-pixel
corresponding to the N-th scan line are coupled to the (N-1)-
th and the (N+1)-th scan lines, respectively.

4. The liquid crystal display of claim 1, wherein each pixel
has a first sub-pixel and a second sub-pixel, the two storage
capacitors of the first sub-pixel and the second sub-pixel
corresponding to the N-th scan line are coupled to the (N+1)-
th and the (N+2)-th scan lines, respectively.

5. The liquid crystal display of claim 1, wherein each pixel
has a first sub-pixel and a second sub-pixel, the two storage
capacitors of the first sub-pixel and the second sub-pixel
corresponding to the N-th scan line are coupled to the (N-1)-
th and the (N-2)-th scan lines, respectively.

6. The liquid crystal display of claim 3, wherein the (N-1)-
th scan line crosses the pixel areas corresponding to the N-th
scan line, and is coupled to the storage capacitors of one of the
sub-pixels of each of the pixels corresponding to the N-th
scan line.

7. The liquid crystal display of claim 3, wherein the (N-1)-
th scan line crosses the pixel areas corresponding to the
(N-2)-th scan line, and is coupled to the storage capacitors of
one of the sub-pixels of each of the pixels corresponding to
the (N=-2)-th scan line.

8. The liquid crystal display of claim 3, wherein the (N-1)-
th scan line crosses the pixel areas corresponding to the N-th
scan line and to the (N-2)-th scan line, and is coupled to the
storage capacitors of one of the sub-pixels of each of the
pixels corresponding to the N-th and to the (N-2)-th scan
lines.

9. The liquid crystal display of claim 1, wherein each pixel
has a first sub-pixel and a second sub-pixel, the change of
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voltage levels of the storage capacitor of the first sub-pixel is
greater than that of the second sub-pixel.

10. The liquid crystal display of claim 1, wherein the
switches of the sub-pixels of each pixel are coupled to the
same data line.

11. A liquid crystal display, comprising:

a plurality of scan lines arranged in rows, the scan lines

including a N-th scan lineand N being a positive integer;

a plurality of data lines arranged in columns and crossing
the scan lines;

a plurality of pixels corresponding to the scan lines, each
pixel having a plurality of sub-pixels, each sub-pixel
having a switch, a storage capacitor, and a sub-pixel
electrode, the sub-pixel electrode being coupled electri-
cally to the switch and the storage capacitor, the switches
of the sub-pixels of each pixel being coupled to the same
scan line, the storage capacitor of one of the sub-pixels
of each pixel being coupled to a common electrode, the
storage capacitors of the rest sub-pixels of each pixel
being coupled to the scan lines, the switch and the stor-
age capacitor of each sub-pixel being coupled to differ-
ent scan lines, and each sub-pixel being coupled to one
of the data lines;

a data driver, coupled electrically to the data lines, and
transmitting data signals to the sub-pixels, respectively;
and

a scan driver, coupled electrically to the scan lines, and
transmitting scan signals to the switches of the sub-
pixels on each row, respectively, for turning the switches
on for receiving the data signals.

12. The liquid crystal display of claim 11, wherein the scan
signals transmitted by the scan driver have a plurality of
voltage levels for modulating voltage levels of one or more
sub-pixel electrodes of the sub-pixels of the same pixel, and
for enabling the sub-pixels of the same pixel to have different
voltage levels.

13. The liquid crystal display of claim 11, wherein each
pixel has a first sub-pixel and a second sub-pixel.

14. The liquid crystal display of claim 13, wherein the two
storage capacitors of the first sub-pixel and the second sub-
pixel corresponding to the N-th scan line are coupled to the
common electrode and the (N+1)-th scan line, respectively.

15. The liquid crystal display of claim 13, wherein the two
storage capacitors of the first sub-pixel and the second sub-
pixel corresponding to the N-th scan line are coupled to the
(N-1)-th scan line and the common electrode, respectively.

16. The liquid crystal display of claim 13, wherein the
voltage level of the storage capacitor of one of the sub-pixels
is modulated, while the voltage level of the storage capacitor
of the other sub-pixel is not modulated.
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17. The liquid crystal display of claim 11, wherein the
switches of the sub-pixels of each pixel are coupled to the
same data line.

18. A liquid crystal display, comprising;

a plurality of scan lines arranged in rows;

a plurality of data lines arranged in columns and crossing

the scan lines;

a plurality of pixels, each pixel having a plurality of sub-
pixels, each sub-pixel having a switch, a storage capaci-
tor, and a sub-pixel electrode, the sub-pixel electrode
being coupled electrically to the switch and the storage
capacitor, the switches of the sub-pixels of each pixel
being coupled to the different scan lines, the storage
capacitors of the sub-pixels of each pixel being coupled
to the scan lines, the switch and the storage capacitor of
each sub-pixel being coupled to different scan lines, and
each sub-pixel being coupled to one of the data lines;

a data driver, coupled electrically to the data lines, and
transmitting data signals to the sub-pixels, respectively;
and

a scan driver, coupled electrically to the scan lines, and
transmitting scan signals to the switches of the sub-
pixels on each row, respectively, for turning the switches
on for receiving the data signals.

19. The liquid crystal display of claim 18, wherein the scan
signals transmitted by the scan driver have a plurality of
voltage levels for modulating voltage levels of one or more
sub-pixel electrodes of the sub-pixels of the same pixel, and
for enabling the sub-pixels of the same pixel to have different
voltage levels.

20. The liquid crystal display of claim 18, wherein each
pixel has a first sub-pixel and a second sub-pixel.

21. The liquid crystal display of claim 20, wherein the two
storage capacitors of the first sub-pixel and the second sub-
pixel are coupled to the corresponding scan lines on the
previous rows, respectively.

22. The liquid crystal display of claim 20, wherein the two
storage capacitors of the first sub-pixel and the second sub-
pixel are coupled to the corresponding scan lines on the next
rows, respectively.

23. The liquid crystal display of claim 20, wherein the
storage capacitor of the first sub-pixel is coupled to the cor-
responding scan line on the previous row, while the storage
capacitor of the second sub-pixel is coupled to the corre-
sponding scan line on the next row.

24. The liquid crystal display of claim 20, wherein the
change of voltage levels of the storage capacitor of the first
sub-pixel is greater than that of the second sub-pixel.

25. The liquid crystal display of claim 18, wherein the
switches of the sub-pixels of each pixel are coupled to the
same data line.
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