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(57) ABSTRACT

A liquid crystal display includes a gate driver, a data driver
and a pixel matrix. The gate driver is for outputting a plurality
of gate signals successively. The data driver is for providing a
plurality of data signals. The pixel matrix includes a number
of pixels. Each pixel includes a first sub-pixel, a second sub-
pixel and a voltage coupling device. The voltage coupling
device is coupled between the first sub-pixel and the second
sub-pixel such that pixel voltages of the first sub-pixel and the
second sub-pixel are different and have relevant variation.
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Enable the i-th row of pixels by the gate signal
Si to turn on the first switch devices and the
second switch devices, input the corresponding
data signals Dj to the pixel electrodes PE1 and - 400
PE2 and respectively provide the voltages Ve1
and Ve2 to the electrodes E1 and E2 of the i-th
row of pixels

\

Change at least one of the first voltage Ve1 and
the second voltage Ve2 of each pixel in the i-th
row of pixels to adjust Vcom1 and Vcom?2 and
adjust pixel
voltages Vp1 and Vp2 such that the pixel
voltage Vp1 is not equal to the pixel voltage
Vp2, and variation AVp1 of the pixel voltage
Vp1, variation AVp2 of the pixel voltage Vp2, —-410
variation AV1 of the first voltage Ve1 and
variation AV2 of the second voltage Ve2 have
the following relationship:
AVp1=c1*AV1+c2*AVZ;
AVp2=c3*AV1+c4*AV2,
wherein constants ¢1 and c2 are not both zero,
constants ¢3 and c4 are not both zero
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

[0001] This application is a continuation application of co-
pending application Ser. No. 12/495,852, filed on Jul. 1, 2009,
which is a division of application Ser. No. 11/682,003, filed
Mar. 5, 2007, which claims the benefit of Taiwan application
Serial No. 95133352, filed Sep. 8, 2006, the contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a liquid crystal
display (LCD) and driving method thereof, and more particu-
larly to a liquid crystal display having two driving voltages for
each pixel and driving method thereof.

[0004] 2. Description of the Related Art

[0005] In a conventional liquid crystal display, each pixel
uses only a driving voltage, which easily results in a color-
deviation issue as a viewing angle varies. Referring to FIG. 1,
gamma curves of a conventional multi-domain vertical align-
ment (MVA)-type liquid crystal display as displayed in sev-
eral viewing angles are shown, wherein the gamma coeffi-
cient r is 2.2. The curve G1 is a gamma curve of the display
observed at a front view, while the curves G2~G5 are respec-
tively gamma curves of the display observed at a viewing
angle of 15, 30, 45 and 60 degrees. From FIG. 1, due to
difference of the gamma curves at a front view and side view,
corresponding to the same grey value, a light transmissive
rate of liquid crystals at a front view and side view are also
different. Therefore, images may have color variation as dis-
played at different viewing angles, which is called a color-
deviation phenomenon.

SUMMARY OF THE INVENTION

[0006] Itis therefore an object of the invention to provide a
liquid crystal display and driving method thereof. Each pixel
includes two sub-pixels and each sub-pixel has a driving
voltage. The two sub-pixels have different liquid-crystal tilt
angles, and thus optical effect in the two regions can compen-
sate to each other. Besides, variations of the two pixel volt-
ages are relevant. Therefore, the above color-deviation issue
can be eliminated and image quality of the liquid crystal
display can be improved.

[0007] The invention achieves the above-identified object
by providing a liquid crystal display including a gate driver, a
data driver and a pixel matrix. The gate driver is for outputting
a plurality of gate signals successively. The data driver is for
providing a plurality of data signals. The pixel matrix
includes a number of pixels coupled to the gate driver and the
data driver. Each of the pixels includes a first sub-pixel, a
second sub-pixel and a voltage coupling device. The first
sub-pixel includes a first switch device, a first pixel electrode,
a first electrode, a first common electrode, and a first storage
capacitor.

[0008] The first switch device is for outputting the corre-
sponding data signal according to the corresponding gate
signal. The first pixel electrode is coupled to the first switch
device for receiving the data signal. The first electrode is for
providing a first voltage. The first storage capacitor is formed
between the first pixel electrode and the first common elec-
trode. The second sub-pixel includes a second switch device,
a second pixel electrode, a second electrode, a second com-
mon electrode and a second storage capacitor. The second
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switch device is for outputting the corresponding data signal
according to the corresponding gate signal. The second pixel
electrode is coupled to the second switch device for receiving
the data signal. The second electrode is for providing a second
voltage. The second storage capacitor is formed between the
second pixel electrode and the second common electrode.
The voltage coupling device is coupled between the first
sub-pixel and the second sub-pixel such that the first common
electrode is electrically related to the second common elec-
trode.

[0009] The invention achieves the above-identified object
by providing a method for driving a liquid crystal display. The
liquid crystal display includes a gate driver, a data driver and
several rows of pixels. The gate driver outputs a number of
gate signals, and the data driver outputs a number of data
signals. Each of the pixels includes a first sub-pixel and a
second sub-pixel. The first sub-pixel has a first switch device,
a first pixel electrode, a first common electrode and a first
electrode. The first pixel electrode and the first common elec-
trode form a first storage capacitor. The second sub-pixel has
a second switch device, a second pixel electrode, a second
common electrode and a second electrode. The second pixel
electrode and the second common electrode form a second
storage capacitor.

[0010] The method includes (a) enabling a row of pixels
according to the corresponding gate signal to turn on the first
switch device and the second switch device of each pixel in
the row of pixels, inputting the corresponding data signal to
the first pixel electrode and the second pixel electrode and
respectively providing a first voltage and a second voltage to
the first electrodes and the second electrodes in the row of
pixels; and (b) after the gate signal is stopped outputting fora
period of time, changing at least one of the first voltage and
the second voltage of each pixel in the row of pixels to adjust
voltages of the corresponding first pixel electrode and the
second pixel electrode such that the voltage of the first pixel
electrode is not equal to the voltage of the second pixel
electrode, wherein voltage variation AVpl of the first pixel
electrode, voltage variation AVp2 of the second pixel elec-
trode, variation AV1 of the first voltage and variation AV2 of
the second wvoltage have the following relationship:
AVpI=c1*AV1+c2¥AV2; AVp2=c3*AV1+c4*AV2, and
constants ¢l and ¢2 are not both zero, constants ¢3 and c4 are
not both zero.

[0011] Otherobjects, features, and advantages of the inven-
tion will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is gamma curves of a conventional MVA-
type liquid crystal display as displayed in several viewing
angles.

[0013] FIG. 2 is a schematic diagram of a liquid crystal
display structure according to a preferred embodiment of the
invention.

[0014] FIG. 3 is a schematic diagram of a circuit structure
of the (i,j)-th pixel in FIG. 2.

[0015] FIG. 4isaflow chart of a method for driving aliquid
crystal display according to a preferred embodiment of the
invention.
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[0016] FIG.5is atiming diagram of the gate signal Si, data
signal Dj, first common-electrode voltage Veoml, second
common-electrode voltage Vecom2, and pixel voltages Vpl
and Vp2 in FIG. 3.

[0017] FIG. 6A is gamma curves of a conventional liquid
crystal display using only a driving voltage for each pixel as
displayed at a front view and 60-degree side view.

[0018] FIG. 6B is gamma curves of the liquid crystal dis-
play ofthe invention using two driving voltages for each pixel
232 as displayed at a front view and 60-degree side view.
[0019] FIG. 7 is a schematic diagram of a panel driving
method according to the preferred embodiment of the inven-
tion.

[0020] FIG. 8 shows another panel driving method accord-
ing to the preferred embodiment of the invention.

[0021] FIG. 9 is a schematic diagram of arrangement pat-
terns of the first sub-pixel and the second sub-pixel according
to the preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Referring to FIG. 2, a schematic diagram of a liquid
crystal display structure according to a preferred embodiment
of the invention is shown. A liquid crystal display 200, such as
a MVA-type liquid crystal display, includes a gate driver 210,
a data driver 220 and a pixel matrix 230. The gate driver 210
1s for successively outputting m gate signals S1~Sm to the
pixel matrix 230 and the data driver 220 is for providing n data
signals D1~Dn to the pixel matrix 230, wherein m and n are
positive integers. The pixel matrix 230 includes m*n pixels
232, and each pixel 232 includes a first sub-pixel 232q, a
second sub-pixel 2325 and a voltage coupling device 232c.
The first sub-pixel 232a¢ and the second sub-pixel 2325
receive the same data signal Dj (j=1~n) according to the gate
signal Si (i=1~m). The voltage coupling device 232¢ is
coupled to the first sub-pixel 232a and the second sub-pixel
232b such that variations of pixel voltages of the first sub-
pixel 232a and the second sub-pixel 2325 are relevant.
[0023] Referring to FIG. 3, aschematic diagram of a circuit
structure of the (i,j)-th pixel 232 in FIG. 2 is shown. As shown
in FIG. 3, the first sub-pixel 232a of the (i, j)-th pixel 232
includes a first switch device 310, a first pixel electrode PE1,
a first common electrode coml, a first electrode El, a first
liquid crystal capacitor C, ., and a first storage capacitor
Csz- The first switch device 310, such as a thin film transistor
(TFT) T1, is for outputting the corresponding data signal Dj
according to control of the i-th gate signal Si. In the embodi-
ment, the first switch device 310 is exemplified to be an
N-type metal oxide semiconductor (NMOS) transistor for
illustration. The transistor T1 has a gate for receiving the gate
signal S, a source for receiving the data signal Dj and a drain
for outputting the data signal Dj.

[0024] The first pixel electrode PE1 is coupled to the drain
of the first switch device (transistor T1) for receiving the data
signal Dj. A liquid crystal layer (not shown in the figure) is
disposed between the first pixel electrode PE1 and a common
electrode COM on an upper substrate to form the first liquid
crystal capacitor C, ;. An insulation layer (not shown in the
figure) 1s disposed between the first pixel electrode PE1 and
the first common electrode coml to form the first storage
capacitor Cqp,. The first electrode E1 is coupled to the first
common electrode coml and the first electrode E1 is for
providing a voltage Vel. For example, the voltage Vel has a
swing-type waveform and a voltage Vcoml of the first com-
mon electrode com1 has also a swing-type waveform with the
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same amplitude as the voltage Vel of the first electrode E1. Of
course, in practical application, the first common-electrode
voltage Vcom1 can also be provided directly by the first
common electrode coml.

[0025] Thesecond sub-pixel 2325 includes a second switch
device 320, a second pixel electrode PE2, a second common
electrode com2, a second electrode E2, a second liquid crystal
capacitor C; ., a second storage capacitor Cg,_; and a third
storage capacitor C;, ,. The second switch device 320, such
asaTFT T2,is for outputting the corresponding data signal Dj
according to control of the corresponding i-th gate signal Si.
In the embodiment, the second switch device 320 1s exempli-
fied to be a NMOS transistor. The transistor T2 has a gate for
receiving the gate signal Si, a source for receiving the data
signal Dj and a drain for outputting the data signal D;.
[0026] Thesecond pixel electrode PE2 is coupled to a drain
of the second switch device (transistor T2) 320 for receiving
the data signal Sj. A liquid crystal layer (not shown in the
figure) is disposed between the second pixel electrode PE2
and the common electrode COM on the upper substrate to
form the second liquid crystal capacitor C; ,. An insulation
layer (not shown in the figure) is disposed between the second
pixel electrode PE2 and the second common electrode com2
to form the second storage capacitor C»_;. The second com-
mon electrode com2, such as a lower substrate, has a second
common voltage Vcom?2. Another insulation layer (not shown
in the figure) is disposed between the second electrode E2 and
the second common electrode com?2 to form the third storage
capacitor CST2-2. The second electrode E2 is for providing a
voltage Ve2, such as a constant voltage. The voltage Ve2 can
be provided by a gate line near the (i, j)-th pixel 232 to reduce
a number of electrodes in transverse and thus increase an
opening ratio.

[0027] Besides, the voltage coupling device 232¢, such as a
capacitor Cc, is coupled to the first common voltage com1 and
the second common electrode com2 such that variations of
the first common-electrode voltage Vecoml and the second
common-electrode voltage Vcom2 are relevant to each other.
As mentioned above, the first common-electrode voltage
Vcoml1 behaves in a swing type and thus the voltage Vcom?2
also behaves in a swing type but with smaller amplitude. Due
to an effect of the first storage capacitor Cz; and the second
storage capacitor Cp, ;, the pixel voltage Vpl of the first
pixel electrode E1 and the pixel voltage Vp2 of the second
pixel electrode PE2 have relevant variation.

[0028] Referring to FIG. 4, a flow chart of a method for
driving a liquid crystal display according to a preferred
embodiment of the invention is shown. First, in step 400, in a
timing duration t1, enable the i-th row of pixels 232 by the
gate signal Si(i=1~m) to turn on the first switch devices 310
and the second switch devices 320 in the i-th row of pixels
232, input the corresponding data signals Dj (j=1~n) to the
first pixel electrodes PE1 and second pixel electrode PE2 and
respectively provide the first voltage Vel and the second
voltage Ve2 to the first electrodes E1 and second electrodes
E2 of the i-th row of pixels 232.

[0029] Afterwards, in step 410, after the gate signal Si is
stopped outputting for a period oftime t2, in a timing duration
13, change at least one of the first voltage Vel and the second
voltage Ve2 of each pixel 232 in the i-th row of pixels 232 to
adjust the first common-electrode voltage Vcoml and the
second common-electrode voltage Veom?2 and adjust a pixel
voltage Vpl of the corresponding first pixel electrode PE1
and a pixel voltage Vp2 of the corresponding second pixel
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electrode PE2 such that the pixel voltage Vpl is not equal to
the pixel voltage Vp2, and variation AVpl of the pixel voltage
Vpl, variation AVp2 of the pixel voltage Vp2, variation AV1
of the first voltage Vel and variation AV2 of the second
voltage Ve2 have the following relationship: AVpl=cl1*AV1+
C2*AV2; AVp2=c3*AV1+c4*AV2, and constants ¢l and c2
are not both zero, constants ¢3 and ¢4 are not both zero.

[0030] In the embodiment, the first voltage Vel or the first
common-electrode voltage Vcoml is altered in a swing type
and the second common-electrode voltage Vecom2 is adjusted
by an effect of the voltage coupling device 232¢ (the capacitor
Cc) such that variations of the pixel voltages Vpl and Vp2 are
both relevant to variations of the first voltage Vel and the
second voltage Ve2 and thus variations of the pixel voltages
Vpl and Vp2 are relevant to each other. In the following
description, a signal timing diagram is used to illustrate how
the pixel voltages Vpl and Vp2 are changing in accordance
with variation of the first voltage Vel and the second voltage
Vel.

[0031] Referring to FIG. 5, a timing diagram of the gate
signal Si, data signal Dj, first common-electrode voltage
Veoml, second common-electrode voltage Veom?2, and pixel
voltages Vpl and Vp2 in FIG. 3 is shown, wherein pixels are
driven in a positive direction in the embodiment. In the timing
duration t1, the gate signal Si with a high voltage level turns
on the first switch device 310 of the first sub-pixel 232a and
the second switch device 320 of the second sub-pixel 2325
and the data signal Dj is transmitted to the first pixel electrode
PE1 and the second pixel electrode PE2 respectively via the
first switch device 310 and the second switch device 320. The
first voltage Vel and the second voltage Ve2 both have a low
level, that is, the first common-electrode voltage Veom1 and
the second common-electrode voltage Vcom?2 are both at a
low level. At the time, the pixel voltages Vpl and Vp2 are
approximately equal to the voltage level Va of the data signal
Dj. Following that, in the timing duration t2, the first com-
mon-electrode voltage Veom1 and the second common-elec-
trode voltage Vcom?2 remain at the low level. The gate signal
Sihas anoutput of a low voltage level such that the first switch
device 310 and the second switch device 320 are both turned
off. At the time, due to an effect of a parasitic capacitor Cgs
(not shown in the figure) of the first pixel electrode PE1 and
the second pixel electrode PE2, the pixel voltages Vpl and
Vp2 are lowered down by a feed-through voltage Vf from an
original value Va.

[0032] Afterwards, in the timing duration 3, the first volt-
age Vel or the first common-electrode voltage Vcoml is
increased by a value AV1 to a high level. The second voltage
Ve2 remains unchanged and due to a coupling effect of the
voltage coupling device 232¢, the second common-electrode
voltage Vecom?2 is increased by a value AV2 (<AV1), wherein

Ce

AV2 =
Csrr-2+Ce+ Csrpy [/ Crez

X AVI.

Due to the effect of the first storage capacitor Cg,, and the
second storage capacitor Cp_|, the voltage Vpl of the first
pixel electrode PE1 is increased to

Jul. 23, 2015

Cst1

Vo-Vf + ——
( 4 Csr1 +Cra

><AV1] =Va-Vf+Vbl,
wherein

C,
bl= —TL XAV
Csr1 + Crei

The voltage Vp2 of the second pixel electrode PE2 is accord-
ingly increased to

Csra-1

(Va— Vf + ><AV2] =Va-Vf+Vb2,

Csro-1 + Crcz

wherein

Corr_
v = — L A,
Csrz-1 + Crez

As corresponding to the variation AVpl of the above pixel
voltage Vp1 which is equal to c1*AV1+c2*AV2, the constant

Csr
cl=——7—
Csr1 + Cret

and ¢2=0. As corresponding to the variation AVp2 of the
above pixel voltage Vp2 which is equal to ¢c3*AV1+c4*AV2,
the constant ¢3=0 and

he Cs2-1
Csra-1+ Cre2

Therefore, in the following timing duration, the pixel voltages
Vpland Vp2 vary in a swing type in accordance with the first
common-electrode voltage Vcom1 and the second common-
electrode voltage Vcom2. When the swing period of the first
common-electrode voltage Veom1 is much smaller than a
frame time (such as 16.6 ms) of the liquid crystal display 200,
that is, a ratio of the swing period of the first common-
electrode voltage Vecoml1 and the frame time is smaller than
Yo, owing that liquid crystals have a smaller response speed
and thus cannot feel a high-low variation of the first common-
electrode voltage Vcoml, the voltage felt by the liquid crys-
tals is a root-mean-square value (Vrms) of the common-
electrode voltage Vcom1. By adjusting the swing amplitude
of the first common-electrode voltage Veoml, a different
root-mean-square value is obtained, that is, the liquid crystals
can feel a different voltage drop.

[0033] According to design of the liquid crystal display 200
in the embodiment, a liquid crystal layer of each pixel 232 can
feel two different voltage drops (Vpl-V o, and (Vp2-
V conr)s thereby reducing the above color deviation issue.
Referring to FIG. 6A and FIG. 6B, gamma curves of a con-
ventional liquid crystal display using only a driving voltage
for each pixel as displayed at a front view and 60-degree side
view and gamma curves of the liquid crystal display of the
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invention using two driving voltages for each pixel 232 as
displayed at a front view and 60-degree side view are shown.
An operational voltage of the display panel is 5.5V and an
area ratio of the first sub-pixel 2324 and the second sub-pixel
232bis 4:6. From FIG. 6 A and FIG. 6B, it can be seen that by
using two different driving voltages for a pixel 232, the inven-
tion can effectively reduce the prior-art color deviation issue
generated as a viewing angle varies.

[0034] When the liquid crystal display 200 of the invention
is driven ina dot-inversion way, the panel can be driven in the
following ways. As shown in FIG. 7 and FIG. 8, symbols +
and - respectively denote positive and negative polarity of a
pixel 232 and symbols | and |, respectively denote pixels 232
are driven in positive and negative directions. Different pat-
terns of regions denote different display luminance. The
transverse dotted-line, cross-dot and oblique dotted-line
regions denote regions of normal luminance, the dense lefi-
oblique-line, dense right-oblique-line and sparse lattice-like
regions denote regions of lower luminance, while sparse left-
oblique-line regions, sparse right-oblique-line and dense lat-
tice-like regions denote regions of higher luminance.

[0035] As shown in FIG. 7, each of the (i, j)-th pixel 232,
(i+1, j)-th pixel 232, (i, j+1)-th pixel 232 and (i+1, j+1)-th
pixel 232 includes a red pixel R, green pixel G and blue pixel
B arranged successively and in the red pixels R, green pixels
G and blue pixels B, two adjacent pixels R, Gor G, Bor B,R
or R, R or G, G or B, B have opposite driving polarity. When
the gate signal Si is stopped outputting, the first common-
electrode voltage Veoml is increased from a low level to a
high level. Thus, pixels with negative polarity () is driven in
the negative direction (| ) while pixels with positive polarity
(+) is driven in the positive direction (1). When the gate signal
S(j+1) is stopped outputting, the first common-electrode volt-
age Veoml is reduced from a high level to a low level. Thus,
pixels with negative polarity (-) is driven in the positive
direction (1) while pixels with positive polarity (+) 1s driven
in the negative direction (| ). Therefore, the adjacent pixels
with the same color R, G or B of two adjacent rows of pixels
232 will have the same driving direction, but two adjacent
pixels R, G or G, B or B, R in the same row of pixels 232 will
have opposite driving direction.

[0036] A display result shows that the two adjacent pixels
with the same color will have three situations of normal
luminance, low luminance and higher luminance. For
example, the green pixel G of the (i, j)-th pixel 232 has a
region of normal luminance (a cross-dot region) and a region
of higher luminance (sparse left-oblique-line region), the
green pixel G of the (i, j+1)-th pixel 232 has a region of
normal luminance (cross-dot region) and a region of lower
luminance (spare lattice-like region). This design (with three
kinds of luminance) can reduce the above color-deviation
issue.

[0037] FIG. 8 shows another panel driving method accord-
ing to the preferred embodiment of the invention. The polarity
of the i-th row of pixels 232 is periodically altered in the order
of +, +, -, and the polarity of the (i+1)-th row of pixel 232 is
periodically altered in the order of -, -, +. Analyzing accord-
ing to the above principle, the pixels R, G, B of the i-th row of
pixels 232 and the (i+1)-th pixel 232 are periodically driven in
the directions of 1, 1, |, and the two adjacent pixels with the
same color R, G, or B has the same luminance, which will not
reduce resolution.

[0038] Of course, the invention is not limited to the above
two panel driving methods, as long as the driving method can
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provide the pixel voltages Vpl and Vp2 for driving liquid
crystals according to the first common-electrode voltage
Vcoml or the second common-electrode voltage Vecom?2 such
that variations of the pixel voltages Vpl and Vp2 are relevant
to each other to achieve the purpose of eliminating the color-
deviation issue, it will not depart from the scope of the inven-
tion.

[0039] As mentioned above, although the voltage coupling
device 232c of the liquid crystal display 200 in the invention
is exemplified to be the capacitor Cc and coupled to the first
common electrode com1 and the second common electrode
com2, each pixel 232 of the invention can also use any other
voltage coupling device 232¢ such as a resistor and the volt-
age coupling device 232¢ can also be coupled to the first pixel
electrode PE1 and the second common electrode com2, or
coupled to the first pixel electrode PE1 and the second pixel
electrode PE2. As long as each pixel 232 has the voltage
coupling device 232¢ coupled to the first sub-pixel 232a and
the second sub-pixel 2325 such that the pixel voltages Vpl
and Vp2 can be provided for driving liquid crystals according
to the first voltage Vel or the second voltage Ve2 and varia-
tions of the pixel voltages Vpl and Vp2 are relevant to each
other to achieve the purpose of eliminating the color deviation
issue, all these will not depart from the scope of the invention.
[0040] Besides, although the second common-electrode
voltage Vcom?2 and the pixel voltages Vp1 and Vp2 are exem-
plified to be adjusted by changing the first voltage Vel, the
liquid crystal display 200 of the invention can also adjust the
pixel voltages Vp1 and Vp2 by changing the second voltage
Ve2, or the first voltage Vel and second voltage Ve2 simulta-
neously. For example, the first voltage Vel and second voltage
Ve2 can be adjusted in a swing-type waveform and the first
voltage Vel has a swing direction opposite to the second
voltage Ve2. As long as the pixel 232 can have two different
pixel voltages Vp1 and Vp2 through a voltage-coupling effect
and variations of the pixel voltages Vp1 and Vp2 are relevant
to each other, all the alternatives are not apart from the scope
of the invention.

[0041] Moreover, except for the aligning type and manner
as shown in FIG. 7 and FIG. 8, the first sub-pixel 232q and the
second sub-pixel 2325 of each pixel 232 can also be arranged
in patterns of square, rectangle, triangle or zigzag. An area
ratio of the first sub-pixel 2324 and the second sub-pixel 2325
is about 46~9. Of course, each pixel 232 can also include three
or more than three sub-pixels. The liquid crystal display 200
of the invention can also be a MVA-type or TN-type trans-
missive liquid crystal display or MVA-type or TN-type trans-
flective liquid crystal display.

[0042] In the liquid crystal display and driving method
thereof disclosed by the above embodiment of the invention,
two different pixel voltages are provided for each pixel by
adjusting the voltage of a common electrode and variations of
the two pixel voltages are relevant to each other due to a
coupling effect of the voltage coupling device. Therefore, the
prior-art color deviation issue can be solved to improve image
quality of the liquid crystal display.

[0043] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.
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What is claimed is:

1. A method for driving a liquid crystal display, the liquid
crystal display comprising a gate driver, a data driver and a
plurality of rows of pixels, the gate driver outputting a plu-
rality of gate signals, the data driver outputting a plurality of
data signals, each of the pixels comprising a first sub-pixel
and a second sub-pixel, the first sub-pixel having a first switch
device, a first pixel electrode, a first common electrode and a
first electrode, the first pixel electrode and the first common
electrode forming a first storage capacitor, the second sub-
pixel having a second switch device, a second pixel electrode,
a second common electrode and a second electrode, the sec-
ond pixel electrode and the second common electrode form-
ing a second storage capacitor, the method comprising:

(a) enabling a row of pixels according to the corresponding
gate signal to turn on the first switch device and the
second switch device of each pixel in the row of pixels,
inputting the corresponding data signal to the first pixel
electrode and the second pixel electrode and respec-
tively providing a first voltage and a second voltage to
the first electrodes and the second electrodes in the row
of pixels; and

(b) after the gate signal is stopped outputting fora period of
time, changing the first voltage of the first electrode of
each pixel in the row of pixels to cause a common volt-
age of the corresponding second common electrode to
be changed through a voltage coupling device between
the corresponding first sub-pixel and second sub-pixel
and adjusting voltages of the corresponding first pixel
electrode and the second pixel electrode such that a pixel
voltage of the first pixel electrode is not equal to a pixel
voltage of the second pixel electrode, wherein a voltage
variation AVp1 of the pixel voltage of the first pixel
electrode, a voltage variation AVp2 of the pixel voltage
of the second pixel electrode, a voltage variation AV1 of
the first voltage and a voltage variation AV2 of the sec-
ond common electrode have the following relationship:
AVpI=c1*AV1+c2*AV2;  AVp2=c3*AV1+c4*AV2,
and constants ¢l and ¢2 are not both zero, constants ¢3
and c4 are not both zero.

2. The method according to claim 1, wherein the step (b)
further comprises changing the first voltage of each pixel in
the row of pixels in a swing type.

3. The method according to claim 2, wherein a swing
period of the first voltage is much smaller than a frame time of
the liquid crystal display.

4. The method according to claim 1, wherein in the step (b),
the first voltage and the second voltage vary a swing type and
the first voltage has a varying direction opposite to that of the
second voltage.

5. The method according to claim 1, wherein each of the
pixels comprises a red pixel, a green pixel and a blue pixel
arranged successively, the red pixel and the green pixel have
the same driving polarity which is opposite to that of the blue
pixel, and two red pixels, two green pixels or two blue pixels
corresponding to two adjacent rows of pixels have the same
driving polarity.

6. A method for driving a liquid crystal display, the liquid
crystal display comprising a gate driver, a data driver and a
plurality of rows of pixels, the gate driver outputting a plu-
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rality of gate signals, the data driver outputting a plurality of
data signals, each of the pixels comprising a first sub-pixel
and a second sub-pixel, the first sub-pixel having a first switch
device, a first pixel electrode, a first common electrode and a
first electrode, the first pixel electrode and the first common
electrode forming a first storage capacitor, the second sub-
pixel having a second switch device, a second pixel electrode,
a second common electrode and a second electrode, the sec-
ond pixel electrode and the second common electrode form-
ing a second storage capacitor, the method comprising:

(a) enabling a row of pixels according to the corresponding
gate signal to turn on the first switch device and the
second switch device of each pixel in the row of pixels,
inputting the corresponding data signal to the first pixel
electrode and the second pixel electrode and respec-
tively providing a first voltage and a second voltage to
the first electrodes and the second electrodes in the row
of pixels; and

(b) after the gate signal is stopped outputting for a period of
time, changing the first voltage of the first electrode of
each pixel in the row of pixels to cause a common volt-
age of the corresponding second common electrode to
be changed through a capacitor or a resistor connected
between the corresponding first sub-pixel and second
sub-pixel and adjusting voltages of the corresponding
first pixel electrode and the second pixel electrode such
thata pixel voltage of the first pixel electrode is not equal
to a pixel voltage of the second pixel electrode, wherein
a voltage variation AVpl of the pixel voltage of the first
pixel electrode, a voltage variation AVp2 of the pixel
voltage of the second pixel electrode, a voltage variation
AV1 of the first voltage and a voltage variation AV2 of
the second common electrode have the following rela-
tionship: AVpl=c1*AV1+c2*AV2; AVp2=c3*AVI1+
c4*AV2, and constants ¢l and c¢2 are not both zero,
constants ¢3 and ¢4 are not both zero;

wherein the common voltage of the second common elec-
trode is changed with the first voltage of the first elec-
trode by a voltage division of the capacitor or a resistor
connected between the corresponding first sub-pixel and
second sub-pixel.

7. The method according to claim 6, wherein the step (b)
further comprises changing the first voltage of each pixel in
the row of pixels in a swing type.

8. The method according to claim 7, wherein a swing
period of the first voltage is much smaller than a frame time of
the liquid crystal display.

9. The method according to claim 6, wherein in the step (b),
the first voltage and the second voltage vary a swing type and
the first voltage has a varying direction opposite to that of the
second voltage.

10. The method according to claim 6, wherein each of the
pixels comprises a red pixel, a green pixel and a blue pixel
arranged successively, the red pixel and the green pixel have
the same driving polarity which is opposite to that of the blue
pixel, and two red pixels, two green pixels or two blue pixels
corresponding to two adjacent rows of pixels have the same
driving polarity.
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