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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and driving method thereof, and more particu-
larly, to a liquid crystal display device based on the dot-
inversion or pixel-inversion driving operation with low-
voltage data signals and driving method thereof.

[0003] 2. Description of the Prior Art

[0004] Because liquid crystal display (LCD) devices are
characterized by thin appearance, low power consumption,
and low radiation, LCD devices have been widely applied in
various electronic products for panel displaying. In general,
the LCD device comprises liquid crystal cells encapsulated
between two substrates and a backlight module for providing
lighting source. The operation of an LCD apparatus is fea-
tured by varying voltage drops between opposite sides of the
liquid crystal cells for twisting the angles of the liquid crystal
molecules of the liquid crystal cells so that the transparency of
the liquid crystal cells can be controlled for illustrating
images with the aid of the backlight module.

[0005] Tt is well known that the polarity of voltage drop
across opposite sides of the liquid crystal cells should be
inverted periodically for protecting the liquid crystal cells
from causing permanent deterioration due to polarization,
and also for reducing image sticking effect on the LCD
device. In general, the LCD panel driving operations can be
categorized into the frame-inversion driving operation, the
line-inversion driving operation, the pixel-inversion driving
operation, and the dot-inversion driving operation.

[0006] While driving an LCD device based on the frame-
inversion driving operation, the polarities of data applied to
each liquid crystal cell are inverted with respect to alternating
display frames. The line-inversion driving operation com-
prises the column-inversion driving operation and the row-
inversion driving operation. While driving an LCD device
based on the column-inversion driving operation, the polari-
ties of data applied to each liquid crystal cell are inverted with
respect to alternating data lines. While driving an LCD device
based on the row-inversion driving operation, the polarities of
data applied to each liquid crystal cell are inverted with
respect to alternating gate lines. While driving an LCD device
based on the pixel-inversion driving operation, data signals
having opposite polarities are applied to adjacent pixel units,
and the data signals of the red, green, and blue sub-pixel units
in the same pixel unit have the same polarity. While driving an
LCD device based on the dot-inversion driving operation,
data signals having opposite polarities are applied to adjacent
sub-pixel units. Among the aforementioned LCD panel driv-
ing operations, the pixel-inversion driving operation and the
dot-inversion driving operation are well known to provide
better display quality. In view of that, recently LCD panels
have mainly used the pixel-inversion driving operation or the
dot-inversion driving operation for displaying images.
[0007] Please refer to FIG. 1, which is a schematic diagram
showing a prior-art LCD device based on the dot-inversion
driving operation. As shown in FIG. 1, the LCD device 100
comprises a source driver 110, a control circuit 120, a gate
driver 130, a demultiplexer unit 140, a plurality of data lines
160, a plurality of gate lines 150, and a plurality of pixel units
170. The demultiplexer unit 140 comprises a plurality of
demultiplexers 145. For ease of explanation, two demulti-
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plexers DUX11 and DUX12 are shown in FIG. 1. The demul-
tiplexer DUX11 comprises three switches SWR1, SWG1 and
SWBI. Also, the demultiplexer DUX12 comprises three
switches SWR2, SWG2 and SWB2. Each pixel unit 170
comprises a red sub-pixel unit 175, a green sub-pixel unit 176
and a blue sub-pixel unit 177. Each sub-pixel unit comprises
a data switch 171 and a storage unit 173. In the following
description, the process of writing a data signal into a sub-
pixel unit means that the data signal is written into the storage
unit of the sub-pixel unit.

[0008] Thegatelines GL1and GL2 are utilized for furnish-
ing the gate signals SG1 and SG2 provided by the gate driver
130 to the corresponding data switches 171. The demulti-
plexer unit 140 distributes each data signal provided by the
source driver 110 into one corresponding data line 160 based
on the control signals CHK1-CHK3 generated by the control
circuit 120. Fach data line 160 is utilized for forwarding one
corresponding data signal from the demultiplexer unit 140 to
the corresponding sub-pixel units. Each data switch 171 con-
trols the process of writing one corresponding data signal to
one corresponding storage unit 173 based on one correspond-
ing gate signal.

[0009] Please refer to FIG. 2 and FIG. 3. FIG. 2 shows the
related signal waveforms regarding the dot-inversion driving
operation of the LCD device in FIG. 1, having time along the
abscissa. FIG. 3 presents a process list depicting the related
writing operations of the LCD device in FIG. 1 based on the
related signal waveforms in FIG. 2. The signal waveforms in
FIG. 2, from top to bottom, are the gate signal SG1, the gate
signal SG2, and the control signals CHK1-CHK3. Both the
first interval and the second interval are within the same frame
period. The dot-inversion driving operation of the LCD
device 100 is summarized as the followings.

[0010] The gate signal SG1 is continuously enabled during
the first interval. During the sub-interval Td1 of the first
interval, the control signal CHK1 is enabled for turning on the
switches SWR1 and SWR2 so that the data signal with posi-
tive polarity can be written into the red sub-pixel unit PR11
via the data line DLR1 and the data signal with negative
polarity can be written into the red sub-pixel unit PR12 via the
data line DLR2. During the sub-interval Td2 of the first inter-
val, the control signal CHK?2 is enabled for turning on the
switches SWG1 and SWG2 so that the data signal with nega-
tive polarity can be written into the green sub-pixel unit PG11
via the data line DLG1 and the data signal with positive
polarity can be written into the green sub-pixel unit PG12 via
the data line DLG2. It is noted that the positive polarity means
that the voltage of the corresponding data signal is positive
with respect to the common voltage Vcom, and the negative
polarity means that the voltage of the corresponding data
signal is negative with respect to the common voltage Vcom.

[0011] The gate signal SG2 is continuously enabled during
the second interval. During the sub-interval Td1 ofthe second
interval, the control signal CHK1 is enabled for turning on the
switches SWR1 and SWR2 so that the data signal with nega-
tive polarity can be written into the red sub-pixel unit PR21
via the data line DLR1 and the data signal with positive
polarity can be written into the red sub-pixel unit PR22 via the
data line DLR2. During the sub-interval Td2 of the second
interval, the control signal CHK2 is enabled for turning on the
switches SWG1 and SWG2 so that the data signal with posi-
tive polarity can be written into the green sub-pixel unit PG21
via the data line DLG1 and the data signal with negative
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polarity can be written into the green sub-pixel unit PG22 via
the data line DLG2. The other related writing operations can
be inferred accordingly.

[0012] In the aforementioned dot-inversion driving opera-
tion, the common voltage Vcom is a DC voltage. and there-
fore the voltage swings between data signals having different
polarities are falling into a wide voltage range. Accordingly,
the components installed in the prior-art LCD device should
be compatible with the extensive voltage swing operation.
That s, the components of the prior-art LCD device should be
fabricated based on a costly High-Voltage IC fabrication pro-
cess.

SUMMARY OF THE INVENTION

[0013] In accordance with an embodiment of the present
invention, a liquid crystal display device based on the dot-
inversion or pixel-inversion driving operation is provided.
The liquid crystal display device comprises a source driver, a
gate driver, a plurality of data lines, a plurality of gate lines, a
control circuit, and a plurality of demultiplexer modules.
[0014] The source driver is utilized for generating a plural-
ity of data signals. The source driver comprises a plurality of
output ports for outputting the data signals. The gate driver is
utilized for generating a plurality of gate signals. The data
lines comprise a plurality of first data lines and a plurality of
second data lines. Each of the gate lines is coupled to the gate
driver for receiving a corresponding gate signal. The control
circuit is utilized for generating a plurality of first control
signals and a plurality of second control signals. Each of the
demultiplexer modules comprises a first demultiplexer and a
second demultiplexer. The first demultiplexer is coupled to
the control circuit, the source driver and the first data lines for
distributing a first data signal of the data signals to the first
data lines based on the first control signals. The second
demultiplexer 1s coupled to the control circuit, the source
driver and the second data lines for distributing a second data
signal of the data signals to the second data lines based on the
second control signals.

[0015] In accordance with another embodiment of the
present invention, a driving method for use in an LCD device
is provided. The driving method comprises setting a first gate
signal to be an enabled signal during a first interval, setting a
common voltage to bea first voltage during a first sub-interval
of the first interval, and setting the common voltage to be a
second voltage during a second sub-interval of the first inter-
val.

[0016] Furthermore, the present invention provides a driv-
ing method for use in an LCD device. The driving method
comprises setting a first gate signal to be an enabled signal
during a first interval, setting a common voltage to be a first
voltage and writing a first set of data signals with a first
polarity sequentially into a first set of storage units of the LCD
device based on the enabled first gate signal during a first set
of sub-intervals of the first interval, and setting the common
voltage to be a second voltage and writing a second setof data
signals with a second polarity sequentially into a second set of
storage units ofthe LCD device based on the enabled first gate
signal during a second set of sub-intervals of the first interval.
The first voltage is different from the second voltage, the first
set of sub-intervals and the second set of sub-intervals are not
overlapped, and the first polarity is opposite to the second
polarity.

[0017] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
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art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic diagram showing a prior-art
LCD device based on the dot-inversion driving operation.
[0019] FIG. 2 shows the related signal waveforms regard-
ing the dot-inversion driving operation of the LCD device in
FIG. 1, having time along the abscissa.

[0020] FIG. 3 presents a process list depicting the related
writing operations of the LCD device in FIG. 1 based on the
related signal waveforms in FIG. 2.

[0021] FIG. 4 is a schematic diagram showing an LCD
device based on the dot-inversion or pixel-inversion driving
operation in accordance with an embodiment of the present
invention.

[0022] FIG. 5 shows the related signal waveforms regard-
ing the pixel-inversion driving operation of the LCD device in
FIG. 4, having time along the abscissa.

[0023] FIG. 6 presents a process list depicting the related
writing operations of the LCD device in FIG. 4 based on the
related signal waveforms in FIG. 5.

[0024] FIG. 7 shows the related signal waveforms regard-
ing the dot-inversion driving operation of the LCD device in
FIG. 4, having time along the abscissa.

[0025] FIG. 8 presents a process list depicting the related
writing operations of the LCD device in FIG. 4 based on the
related signal waveforms in FIG. 7.

DETAILED DESCRIPTION

[0026] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. Here, it is to be noted that the
present invention is not limited thereto.

[0027] Please refer to FIG. 4, which is a schematic diagram
showing an LCD device based on the dot-inversion or pixel-
inversion driving operation in accordance with an embodi-
ment of the present invention. As shown in FIG. 4, the LCD
device 400 comprises a source driver 410, a control circuit
420, a gate driver 430, a voltage generator 490, a demulti-
plexer unit 440, a plurality of data lines 460, a plurality of gate
lines 450, a plurality of common lines 495, and a plurality of
pixel units 470. The demultiplexer unit 440 comprises a plu-
rality of demultiplexer module 445. For ease of explanation,
two demultiplexer modules DUXm1 and DUXm?2 are shown
in FIG. 4. Each demultiplexer module 445 comprises a first
demultiplexer DUX1 and a second demultiplexer DUX2. The
source driver 410 comprises a plurality of output ports 465
coupled to the demultiplexer unit 440. The voltage generator
490 is utilized for providing a common voltage Vecom to the
common lines 495.

[0028] Each pixel unit 470 comprises a red sub-pixel unit
475, a green sub-pixel unit 476 and a blue sub-pixel unit 477.
Each sub-pixel unit comprises a data switch 471 and a storage
unit 473. Each storage unit 473 comprises a first end coupled
to one corresponding common line 495, and a second end
coupled to one corresponding data switch 471. Fach data
switch 471 comprises a first end coupled to the second end of
one corresponding storage unit 473, a second end coupled to
one corresponding data line 460, and a gate coupled to one
corresponding gate line 450. The data switches 471 can be
thin film transistors or metal-oxide-semiconductor (MOS)
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field effect transistors. Each storage unit 473 comprises at
least one liquid crystal capacitor and at least one storage
capacitor.

[0029] The control circuit 420 is utilized for generating a
first set of control signals CHK1-CHK3 and a second set of
control signals CHK4-CHK6. The first demultiplexer DUX1
comprises three switches SWR1, SWG1 and SWB1. Also, the
second demultiplexer DUX2 comprises three switches
SWR2, SWG2 and SWB2. The switches SWR1-SWB2 can
be thin film transistors or MOS field effect transistors.
[0030] The switch SWR1 comprises a first end coupled to
one corresponding output port 465 of the source driver 410, a
second end coupled to one corresponding data line 460, and a
control end coupled to the control circuit 420 for receiving the
control signal CHK1. The signal connection between the first
and second ends of the switch SWR1 is controlled based on
the control signal CHK1 furnished to the control end of the
switch SWR1. The switch SWR2 comprises a first end
coupled to one corresponding output port 465 of the source
driver 410, a second end coupled to one corresponding data
line 460, and a control end coupled to the control circuit 420
for receiving the control signal CHK4. The signal connection
between the first and second ends of the switch SWR2 is
controlled based on the control signal CHK4 furnished to the
control end of the switch SWR2. The functionalities and
coupling relationships of the other switches can be inferred
accordingly according to the above description on the switch
SWRI or the switch SWR2.

[0031] The source driver 410 outputs a plurality of data
signals, e.g. SD1 and SD2, via the output ports 465. The first
demultiplexer DUX1 of the demultiplexer module DUXm1
distributes the data signal SD1 into one of the data lines
DLR1, DLG1 and DLBI1 based on the switches SWR1,
SWG1 and SWBI controlled by the first set of control signals
CHK1-CHKS3. For instance, when the control signal CHK2 is
enabled, the data signal SD1 is forwarded to the data line
DLG1 via the switch SWG1 of the demultiplexer module
DUXm1. Aliernatively, when the control signal CHK3 is
enabled, the data signal SD1 is forwarded to the data line
DLB1 via the switch SWB1 of the demultiplexer module
DUXml.

[0032] The second demultiplexer DUX2 of the demulti-
plexer module DUXm1 distributes the data signal SD2 into
one of the data lines DLR2, DL.G2 and DLB2 based on the
switches SWR2, SWG2 and SWB2 controlled by the second
set of control signals CHK4-CHKG6. For instance, when the
control signal CHKS5 is enabled, the data signal SD2 is for-
warded to the data line DLG2 via the switch SWG2 of the
demultiplexer module DUXm1. Alternatively, when the con-
trol signal CHK 6 is enabled, the data signal SD2 is forwarded
to the data line DLB2 via the switch SWB2 of the demulti-
plexer module DUXm1.

[0033] Each data line 460 is utilized for forwarding one
corresponding data signal from the demultiplexer unit 440 to
the corresponding sub-pixel units. Each data switch 471 con-
trols the process of writing one corresponding data signal to
one corresponding storage unit 473 based on one correspond-
ing gate signal.

[0034] Please refer to FIG. 5 and FIG. 6. FIG. 5 shows the
related signal waveforms regarding the pixel-inversion driv-
ing operation of the LCD device in FIG. 4, having time along
the abscissa. FIG. 6 presents a process list depicting the
related writing operations of the LCD device in FIG. 4 based
on the related signal waveforms in FIG. 5. The signal wave-
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forms in FIG. 5, from top to bottom, are the gate signal SG1,
the gate signal SG2, the control signals CHK1-CHK 6, and the
common voltage Vcom. Both the first interval and the second
interval are within the same frame period. The interval within
which one corresponding gate signal is continuously enabled,
e.g. the firstinterval or the second interval, is defined as a line
time. Each line time comprises a plurality of sub-intervals
Td1-Tdé. The process of writing one corresponding data
signal to one corresponding sub-pixel unit is carried out dur-
ing one corresponding sub-interval. As shown in FIG. 5 and
FIG. 6, the voltage of the common voltage Vcom is different
between the sub-intervals Td1-Td3 and the sub-intervals
Td4-Tdé within each line time. For instance, the common
voltage Veom is set to be a first voltage, e.g. a low voltage in
the embodiment, during the sub-intervals Td1-Td3 of the first
interval and during the sub-intervals Td4-Tdé of the second
interval. Besides, the common voltage Vcom is set to be a
second voltage, e.g. a high voltage in the embodiment, during
the sub-intervals Td4-Td6 of the first interval and during the
sub-intervals Td1-Td3 of the second interval. The pixel-in-
version driving operation of the LCD device 400 1s detailed as
the followings.

[0035] Thegatesignal SG1 is an enabled signal having high
voltage level and the gate signal SG2 is a disabled signal
having low voltage level during the first interval. That is, the
gate signal SG1 is continuously enabled during the corre-
sponding line time. During the sub-interval Tdl of the first
interval, the control signal CHK1 is enabled for turning on the
switch SWR1 of the demultiplexer module DUXm1 so that
the data signal SD1 with positive polarity can be written into
the red sub-pixel unit PR11 via the data line DLR1. During
the sub-interval Td2 of the first interval, the control signal
CHK2 is enabled for turning on the switch SWGI1 of the
demultiplexer module DUXm1 so that the data signal SD1
with positive polarity can be written into the green sub-pixel
unit PG11 via the data line DLG1. During the sub-interval
Td3 of the first interval, the control signal CHK3 is enabled
for turning on the switch SWB1 of the demultiplexer module
DUXm1 so that the data signal SD1 with positive polarity can
be written into the blue sub-pixel unit PB11 via the data line
DLBI1.

[0036] During the sub-interval Tdd4 of the first interval, the
control signal CHK4 is enabled for turning on the switch
SWR2 of the demultiplexer module DUXm1 so that the data
signal SD2 with negative polarity can be written into the red
sub-pixel unit PR12 via the data line DLR2. During the sub-
interval Td5 of the first interval, the control signal CHKS5 is
enabled for turning on the switch SWG2 of the demultiplexer
module DUXm1 so that the data signal SD2 with negative
polarity can be written into the green sub-pixel unit PG12 via
the data line DLG2. During the sub-interval Tdé6 of the first
interval, the control signal CHK 6 is enabled for turning on the
switch SWB2 of the demultiplexer module DUXm1 so that
the data signal SD2 with negative polarity can be written into
the blue sub-pixel unit PB12 via the data line DLB2.

[0037] The gatesignal SG2 is an enabled signal having high
voltage level and the gate signal SG1 is a disabled signal
having low voltage level during the second interval. That is,
the gate signal SG2 is continuously enabled during the cor-
responding line time. During the sub-interval Tdl of the
second interval, the control signal CHK1 is enabled for turn-
ing on the switch SWR1 of the demultiplexer module
DUXm1 so that the data signal SD1 with negative polarity can
be written into the red sub-pixel unit PR21 via the data line
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DLR1. During the sub-interval Td2 of the second interval, the
control signal CHK2 is enabled for turning on the switch
SWG1 of the demultiplexer module DUXm1 so that the data
signal SD1 with negative polarity can be written into the
green sub-pixel unit PG21 via the data line DLG1. During the
sub-interval Td3 of the second interval, the control signal
CHK3 is enabled for turning on the switch SWB1 of the
demultiplexer module DUXm1 so that the data signal SD1
with negative polarity can be written into the blue sub-pixel
unit PB21 via the data line DLBI1.

[0038] During the sub-interval Td4 of the second interval,
the control signal CHK4 is enabled for turning on the switch
SWR2 of the demultiplexer module DUXm1 so that the data
signal SD2 with positive polarity can be written into the red
sub-pixel unit PR22 via the data line DLR2. During the sub-
interval Td5 of the second interval, the control signal CHK5
is enabled for turning on the switch SWG2 of the demulti-
plexer module DUXml so that the data signal SD2 with
positive polarity can be written into the green sub-pixel unit
PG22 via the data line DLG2. During the sub-interval Td6é of
the second interval, the control signal CHK6 is enabled for
turning on the switch SWB2 of the demultiplexer module
DUXm1 so that the data signal SD2 with positive polarity can
be written into the blue sub-pixel unit PB22 via the data line
DLB2.

[0039] Inanother embodiment concerning the pixel-inver-
sion driving operation of the LCD device 400, the first and
second voltages of the common voltage Veom can be setto be
the high and low voltages respectively, and the polarities of
the written data signals corresponding to the first and second
voltages of the common voltage Vcom are negative and posi-
tive respectively. In summary, the pixel-inversion driving
operation of the LCD device 400 takes advantage of AC
common voltage for reducing voltage swing between posi-
tive-polarity and negative-polarity data signals so that the
power consumption concerning polarity switching can be
reduced. Furthermore, the elements having low rated voltage
can be installed in the LCD device 400 for performing the
pixel-inversion driving operation for saving production cost.
[0040] Please refer to FIG. 7 and FIG. 8. FIG. 7 shows the
related signal waveforms regarding the dot-inversion driving
operation of the LCD device in FIG. 4, having time along the
abscissa. FIG. 8 presents a process list depicting the related
writing operations of the LCD device in FIG. 4 based on the
related signal waveforms in FIG. 7. The signal waveforms in
FIG. 7, from top to bottom, are the gate signal SG1, the gate
signal SG2, the control signals CHK1-CHK6, and the com-
mon voltage Vcom. Both the first interval and the second
interval are within the same frame period. Each interval,i.e. a
corresponding line time, comprises a plurality of sub-inter-
vals Td1-Td6. The process of writing one corresponding data
signal to one corresponding sub-pixel unit is carried out dur-
ing one corresponding sub-interval. As shown in FIG. 7 and
FIG. 8, the common voltage Vcom is set to be a first voltage,
e.g. alow voltage in the embodiment, during the sub-intervals
Td1-Td3 of the first interval and during the sub-intervals
Td4-Td6 of the second interval. Besides, the common voltage
Vcom is set to be a second voltage, e.g. a high voltage in the
embodiment, during the sub-intervals Td4-Td6 of the first
interval and during the sub-intervals Td1-Td3 of the second
interval. The dot-inversion driving operation of the LCD
device 400 is detailed as the followings.

[0041] Thegatesignal SG1 is an enabled signal having high
voltage level and the gate signal SG2 is a disabled signal
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having low voltage level during the first interval. That is, the
gate signal SG1 is continuously enabled during the corre-
sponding line time. During the sub-interval Tdl of the first
interval, the control signal CHK1 is enabled for turning on the
switch SWR1 of the demultiplexer module DUXm1 so that
the data signal SD1 with positive polarity can be written into
the red sub-pixel unit PR11 via the data line DLR1. During
the sub-interval Td2 of the first interval, the control signal
CHK3 is enabled for turning on the switch SWB1 of the
demultiplexer module DUXm1 so that the data signal SD1
with positive polarity can be written into the blue sub-pixel
unit PB11 via the data line DLB1. During the sub-interval
Td3 of the first interval, the control signal CHKS is enabled
for turning on the switch SWG?2 of the demultiplexer module
DUXm1 so that the data signal SD2 with positive polarity can
be written into the green sub-pixel unit PG12 via the data line
DLG2.

[0042] During the sub-interval Td4 of the first interval, the
control signal CHK?2 is enabled for turning on the switch
SWGT1 of the demultiplexer module DUXm1 so that the data
signal SD1 with negative polarity can be written into the
green sub-pixel unit PG11 via the data line DL.G1. During the
sub-interval Td5 of the first interval, the control signal CHK4
is enabled for turning on the switch SWR2 of the demulti-
plexer module DUXm1 so that the data signal SD2 with
negative polarity can be written into the red sub-pixel unit
PR12 via the data line DLR2. During the sub-interval Tdé of
the first interval, the control signal CHK6 is enabled for
turning on the switch SWB2 of the demultiplexer module
DUXm1 so that the data signal SD2 with negative polarity can
be written into the blue sub-pixel unit PB12 via the data line
DLB2.

[0043] The gatesignal SG2 is an enabled signal having high
voltage level and the gate signal SG1 is a disabled signal
having low voltage level during the second interval. That is,
the gate signal SG2 is continuously enabled during the cor-
responding line time. During the sub-interval Tdl of the
second interval, the control signal CHK1 is enabled for turn-
ing on the switch SWR1 of the demultiplexer module
DUXm1 so that the data signal SD1 with negative polarity can
be written into the red sub-pixel unit PR21 via the data line
DLR1. During the sub-interval Td2 of the second interval, the
control signal CHK3 is enabled for turning on the switch
SWBI of the demultiplexer module DUXm1 so that the data
signal SD1 with negative polarity can be written into the blue
sub-pixel unit PB21 via the data line DLB1. During the sub-
interval Td3 of the second interval, the control signal CHK5
is enabled for turning on the switch SWG2 of the demulti-
plexer module DUXm1 so that the data signal SD2 with
negative polarity can be written into the green sub-pixel unit
PG22 via the data line DLG2.

[0044] During the sub-interval Td4 of the second interval,
the control signal CHK?2 is enabled for turning on the switch
SWG1 of the demultiplexer module DUXm1 so that the data
signal SD1 with positive polarity can be written into the green
sub-pixel unit PG21 via the data line DLG1. During the
sub-interval Td5 of the second interval, the control signal
CHK4 is enabled for turning on the switch SWR2 of the
demultiplexer module DUXm1 so that the data signal SD2
with positive polarity can be written into the red sub-pixel unit
PR22 via the data line DL.R2. During the sub-interval Tdé of
the second interval, the control signal CHK6 is enabled for
turning on the switch SWB2 of the demultiplexer module
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DUXm1 so that the data signal SD2 with positive polarity can
be written into the blue sub-pixel unit PB22 via the data line
DLB2.

[0045] In another embodiment concerning the dot-inver-
sion driving operation of the LCD device 400, the first and
second voltages of the common voltage Vcom can be setto be
the high and low voltages respectively, and the polarities of
the written data signals corresponding to the first and second
voltages of the common voltage Vcom are negative and posi-
tive respectively. In summary, the dot-inversion driving
operation of the LCD device 400 takes advantage of AC
common voltage for reducing voltage swing between posi-
tive-polarity and negative-polarity data signals so that the
power consumption concerning polarity switching can be
reduced. Furthermore, the elements having low rated voltage
can be installed in the LCD device 400 for performing the
dot-inversion driving operation for saving production cost.
[0046] The present invention is by no means limited to the
embodiments as described above by referring to the accom-
panying drawings, which may be modified and altered in a
variety of different ways without departing from the scope of
the present invention. Thus, it should be understood by those
skilled in the art that various modifications, combinations,
sub-combinations and alternations might occur depending on
design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalents
thereof.

What is claimed is:

1. A liquid crystal display device comprising:

asource driver for generating a plurality of data signals, the

source driver comprising a plurality of output ports for

outputting the data signals;

a gate driver for generating a plurality of gate signals;

a plurality of data lines, the data lines comprising a plural-

ity of first data lines and a plurality of second data lines;

aplurality of gate lines, each of the gate lines being coupled
to the gate driver for receiving a corresponding gate
signal;

a control circuit for generating a plurality of first control

signals and a plurality of second control signals; and

a plurality of demultiplexer modules, each of the demulti-

plexer modules comprising:

a first demultiplexer coupled to the control circuit, the
source driver and the first data lines for distributing a
first data signal of the data signals to the first data lines
based on the first control signals; and

asecond demultiplexer coupled to the control circuit, the
source driver and the second data lines for distributing
a second data signal of the data signals to the second
data lines based on the second control signals.

2. The liquid crystal display device of claim 1, wherein the
first demultiplexer comprises a plurality of switches, each of
the switches comprises:

a first end coupled to a corresponding output port of the

output ports of the source driver;

a second end coupled to a corresponding data line of the

first data lines; and

a control end coupled to the control circuit for receiving a

corresponding control signal of the first control signals,
wherein the switch controls a signal connection between
the first and second ends of the switch based on the
corresponding control signal furnished to the control
end of the switch;

Nov. 26, 2009

wherein the switches are thin film transistors or MOS field
effect transistors.

3. The liquid crystal display device of claim 1, wherein the
second demultiplexer comprises a plurality of switches, each
of the switches comprises:

a first end coupled to a corresponding output port of the

output ports of the source driver;

a second end coupled to a corresponding data line of the
second data lines; and

a control end coupled to the control circuit for receiving a
corresponding control signal of the second control sig-
nals, wherein the switch controls a signal connection
between the first end and the second end of the switch
based on the corresponding control signal furnished to
the control end of the switch;

wherein the switches are thin film transistors or MOS field
effect transistors.

4. The liquid crystal display device of claim 1, further

comprising;

a plurality of storage units, each of the storage units com-
prising:

a first end coupled to a corresponding data line of the
data lines; and
a second end for receiving a common voltage.

5. The liquid crystal display device of claim 4, further
comprising;

a plurality of common lines, each of the common lines
coupled to a plurality of corresponding storage units of
the storage units; and

a voltage generator coupled to the common lines for pro-
viding the common voltage.

6. A driving method for use in an LCD device, comprising:

setting a first gate signal to be an enabled signal during a
first interval;

setting a common voltage to be a first voltage during a first
sub-interval of the first interval; and

setting the common voltage to be a second voltage during
a second sub-interval of the first interval.

7. The driving method of claim 6, further comprising:

setting the first gate signal to be a disabled signal during a
second interval,

setting the common voltage to be the second voltage during
a first sub-interval of the second interval; and

setting the common voltage to be the first voltage during a
second sub-interval of the second interval.

8. The driving method of claim 6, wherein the first interval

is corresponding to a line time.

9. A driving method for use in an LCD device, comprising:

setting a first gate signal to be an enabled signal during a
first interval;

setting a common voltage to be a first voltage and writing
a first set of data signals with a first polarity sequentially
into a first set of storage units of the LCD device based
on the enabled first gate signal during a first set of sub-
intervals of the first interval; and

setting the common voltage to be a second voltage and
writing a second set of data signals with a second polar-
ity sequentially into a second set of storage units of the
LCD device based on the enabled first gate signal during
a second set of sub-intervals of the first interval;

wherein the first voltage is different from the second volt-
age, the first set of sub-intervals and the second set of
sub-intervals are not overlapped, and the first polarity is
opposite to the second polarity.
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10. The driving method of claim 9, wherein:
setting the common voltage to be the first voltage and
writing the first set of data signals with the first polarity
sequentially into the first set of storage units of the LCD
device based on the enabled first gate signal during the
first set of sub-intervals of the first interval comprises:
setting the common voltage to be the first voltage and
writing a first data signal with the first polarity into a
first storage unit of the LCD device based on the
enabled first gate signal during a first sub-interval of
the first interval;
setting the common voltage to be the first voltage and
writing a second data signal with the first polarity into
a second storage unit of the LCD device based on the
enabled first gate signal during a second sub-interval
of the first interval; and
setting the common voltage to be the first voltage and
writing a third data signal with the first polarity into a
third storage unit of the LCD device based on the
enabled first gate signal during a third sub-interval of
the first interval; and
setting the common voltage to be the second voltage and
writing the second set of data signals with the second
polarity sequentially into the second set of storage units
of the LCD device based on the enabled first gate signal
during the second set of sub-intervals of the first interval
comprises:
setting the common voltage to be the second voltage and
writing a fourth data signal with the second polarity
into a fourth storage unit of the LCD device based on
the enabled first gate signal during a fourth sub-inter-
val of the first interval,
setting the common voltage to be the second voltage and
writing a fifth data signal with the second polarity into
a fifth storage unit of the LCD device based on the
enabled first gate signal during a fifth sub-interval of
the first interval; and
setting the common voltage to be the second voltage and
writing a sixth data signal with the second polarity
into a sixth storage unit of the LCD device based on
the enabled first gate signal during a sixth sub-interval
of the first interval;
wherein the first, second and third sub-intervals are not
overlapped between each other, and the fourth, fifth and
sixth sub-intervals are not overlapped between each
other.
11. The driving method of ¢laim 10, wherein:
writing the first data signal with the first polarity into the
first storage unit of the LCD device is writing the first
data signal with the first polarity into the first storage unit
of the LCD device via a first demultiplexer of the LCD
device;
writing the second data signal with the first polarity into the
second storage unit of the LCD device is writing the
second data signal with the first polarity into the second
storage unit of the LCD device via the first demulti-
plexer;
writing the third data signal with the first polarity into the
third storage unit of the LCD device is writing the third
data signal with the first polarity into the third storage
unit of the LCD device via the first demultiplexer;
writing the fourth data signal with the second polarity into
the fourth storage unit of the LCD device is writing the
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fourth data signal with the second polarity into the fourth
storage unit of the LCD device via a second demulti-
plexer of the LCD device;

writing the fifth data signal with the second polarity into the
fifth storage unit of the LCD device is writing the fifth
data signal with the second polarity into the fifth storage
unit of the LCD device via the second demultiplexer;
and

writing the sixth data signal with the second polarity into
the sixth storage unit of the LCD device is writing the
sixth data signal with the second polarity into the sixth
storage unit of the LCD device via the second demulti-
plexer.

12. The driving method of claim 10, wherein:

setting the common voltage to be the first voltage and
writing the first data signal with the first polarity into the
first storage unit of the LCD device based on the enabled
first gate signal is setting the common voltage to be alow
voltage and writing the first data signal with positive
polarity into the first storage unit of the LCD device
based on the enabled first gate signal,

setting the common voltage to be the first voltage and
writing the second data signal with the first polarity into
the second storage unit of the LCD device based on the
enabled first gate signal is setting the common voltage to
be the low voltage and writing the second data signal
with positive polarity into the second storage unit of the
LCD device based on the enabled first gate signal;

setting the common voltage to be the first voltage and
writing the third data signal with the first polarity into the
third storage unit of the LCD device based on the
enabled first gate signal is setting the common voltage to
be the low voltage and writing the third data signal with
positive polarity into the third storage unit of the LCD
device based on the enabled first gate signal;

setting the common voltage to be the second voltage and
writing the fourth data signal with the second polarity
into the fourth storage unit of the LCD device based on
the enabled first gate signal is setting the common volt-
ageto bea high voltage and writing the fourth data signal
with negative polarity into the fourth storage unit of the
LCD device based on the enabled first gate signal;

setting the common voltage to be the second voltage and
writing the fifth data signal with the second polarity into
the fifth storage unit of the LCD device based on the
enabled first gate signal is setting the common voltage to
be the high voltage and writing the fifth data signal with
negative polarity into the fifth storage unit of the LCD
device based on the enabled first gate signal; and

setting the common voltage to be the second voltage and
writing the sixth data signal with the second polarity into
the sixth storage unit of the LCD device based on the
enabled first gate signalis setting the common voltage to
be the high voltage and writing the sixth data signal with
negative polarity into the sixth storage unit of the LCD
device based on the enabled first gate signal.

13. The driving method of claim 10, further comprising:

setting a second gate signal to be an enabled signal during
a second interval,

setting the common voltage to be the second voltage and
writing a seventh data signal with the second polarity
into a seventh storage unit of the LCD device based on
the enabled second gate signal during a first sub-interval
of the second interval;
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setting the common voltage to be the second voltage and
writing an eighth data signal with the second polarity
into an eighth storage unit of the LCD device based on
the enabled second gate signal during a second sub-
interval of the second interval; and

setting the common voltage to be the second voltage and
writing a ninth data signal with the second polarity into
a ninth storage unit of the LCD device based on the
enabled second gate signal during a third sub-interval of
the second interval;

setting the common voltage to be the first voltage and
writing a tenth data signal with the first polarity into a
tenth storage unit of the LCD device based on the
enabled second gate signal during a fourth sub-interval
of the second interval;

setting the common voltage to be the first voltage and
writing an eleventh data signal with the first polarity into
an eleventh storage unit of the LCD device based on the
enabled second gate signal during a fifth sub-interval of
the second interval; and

setting the common voltage to be the first voltage and
writing a twelfth data signal with the first polarity into a
twelfth storage unit of the LCD device based on the
enabled second gate signal during a sixth sub-interval of
the second interval;

wherein the first interval and the second interval are not
overlapped, and the first through sixth sub-intervals of
the second interval are not overlapped between each
other.

14. The driving method of claim 13, wherein:

setting the first gate signal to be the enabled signal during
the first interval is furnishing the first gate signal having
a high voltage level to a first gate line during the first
interval; and

setting the second gate signal to be the enabled signal
during the second interval is furnishing the second gate
signal having a high voltage level to a second gate line
adjacent to the first gate line during the second interval.

15. The driving method of claim 14, wherein:

the first through sixth storage units are coupled to the first
gate line;

the seventh through twelfth storage units are coupled to the
second gate line;

the first, second and third storage units are corresponding
to a first pixel unit;

the fourth, fifth and sixth storage units are corresponding to
a second pixel unit adjacent to the first pixel unit;

the seventh, eighth and ninth storage units are correspond-
ing to a third pixel unit adjacent to the first pixel unit; and

the tenth, eleventh and twelfth storage units are corre-
sponding to a fourth pixel unitadjacent to the second and
third pixel units.

16. The driving method of claim 13, wherein:

writing the seventh data signal with the second polarity into
the seventh storage unit of the LCD device is writing the
seventh data signal with the second polarity into the
seventh storage unit of the LCD device via a first demul-
tiplexer of the LCD device;

writing the eighth data signal with the second polarity into
the eighth storage unit of the LCD device is writing the
eighth data signal with the second polarity into the
eighth storage unit of the LCD device via the first demul-
tiplexer;
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writing the ninth data signal with the second polarity into
the ninth storage unit of the LCD device is writing the
ninth data signal with the second polarity into the ninth
storage unit of the LCD device via the first demulti-
plexer;

writing the tenth data signal with the first polarity into the
tenth storage unit of the LCD device is writing the tenth
data signal with the first polarity into the tenth storage
unit of the LCD device via a second demultiplexer of the
LCD device;

writing the eleventh data signal with the first polarity into
the eleventh storage unit of the LCD device is writing the
eleventh data signal with the first polarity into the elev-
enth storage unit of the LCD device via the second
demultiplexer; and

writing the twelfth data signal with the first polarity into the
twelfth storage unit of the LCD device is writing the
twelfth data signal with the first polarity into the twelfth
storage unit of the LCD device via the second demulti-
plexer.

17. The driving method of claim 13, wherein:

setting the common voltage to be the second voltage and
writing the seventh data signal with the second polarity
into the seventh storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be a high voltage and writing the seventh data
signal with negative polarity into the seventh storage
unit of the LCD device based on the enabled second gate
signal;

setting the common voltage to be the second voltage and
writing the eighth data signal with the second polarity
into the eighth storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be the high voltage and writing the eighth data
signal with negative polarity into the eighth storage unit
of the LCD device based on the enabled second gate
signal;

setting the common voltage to be the second voltage and
writing the ninth data signal with the second polarity
into the ninth storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be the high voltage and writing the ninth data
signal with negative polarity into the ninth storage unit
of the LCD device based on the enabled second gate
signal;

setting the common voltage to be the first voltage and
writing the tenth data signal with the first polarity into
the tenth storage unit of the LCD device based on the
enabled second gate signal is setting the common volt-
age to be a low voltage and writing the tenth data signal
with positive polarity into the tenth storage unit of the
LCD device based on the enabled second gate signal;

setting the common voltage to be the first voltage and
writing the eleventh data signal with the first polarity
into the eleventh storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be the low voltage and writing the eleventh
data signal with positive polarity into the eleventh stor-
age unit of the LCD device based on the enabled second
gate signal; and

setting the common voltage to be the first voltage and
writing the twelfth data signal with the first polarity into
the twelfth storage unit of the LCD device based on the
enabled second gate signal is setting the common volt-
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age to be the low voltage and writing the twelfth data
signal with positive polarity into the twelfth storage unit
of the LCD device based on the enabled second gate
signal.

18. The driving method of claim 9, wherein:

setting the common voltage to be the first voltage and

writing the first set of data signals with the first polarity

sequentially into the first set of storage units of the LCD

device based on the enabled first gate signal during the

first set of sub-intervals of the first interval comprises:

setting the common voltage to be the first voltage and
writing a first data signal with the first polarity into a
first storage unit of the LCD device based on the
enabled first gate signal during a first sub-interval of
the first interval;

setting the common voltage to be the first voltage and
writing a third data signal with the first polarity into a
third storage unit of the LCD device based on the
enabled first gate signal during a second sub-interval
of the first interval; and

setting the common voltage to be the first voltage and
writing a fifth data signal with the first polarity into a
fifth storage unit of the LCD device based on the
enabled first gate signal during a third sub-interval of
the first interval; and

setting the common voltage to be the second voltage and
writing the second set of data signals with the second
polarity sequentially into the second set of storage units
of the LCD device based on the enabled first gate signal
during the second set of sub-intervals of the first interval
comprises:

setting the common voltage to be the second voltage and
writing a second data signal with the second polarity
into a second storage unit of the LCD device based on
the enabled first gate signal during a fourth sub-inter-
val of the first interval,

setting the common voltage to be the second voltage and
writing a fourth data signal with the second polarity
into a fourth storage unit of the LCD device based on
the enabled first gate signal during a fifth sub-interval
of the first interval; and

setting the common voltage to be the second voltage and
writing a sixth data signal with the second polarity
into a sixth storage unit of the LCD device based on
the enabled first gate signal during a sixth sub-interval
of the first interval;
wherein the first, second and third sub-intervals are not
overlapped between each other, and the fourth, fifth and
sixth sub-intervals are not overlapped between each
other.
19. The driving method of ¢laim 18, wherein:
writing the first data signal with the first polarity into the
first storage unit of the LCD device is writing the first
data signal with the first polarity into the first storage unit
of the LCD device via a first demultiplexer of the LCD
device;
writing the third data signal with the first polarity into the
third storage unit of the LCD device is writing the third
data signal with the first polarity into the third storage
unit of the LCD device via the first demultiplexer;
writing the fifth data signal with the first polarity into the
fifth storage unit of the LCD device is writing the fifth
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data signal with the first polarity into the fifth storage
unit of the LCD device via a second demultiplexer of the
LCD device;

writing the second data signal with the second polarity into
the second storage unit of the LCD device is writing the
second data signal with the second polarity into the
second storage unit of the LCD device via the first
demultiplexer;

writing the fourth data signal with the second polarity into
the fourth storage unit of the LCD device is writing the
fourth data signal with the second polarity into the fourth
storage unit of the LCD device via the second demulti-
plexer; and

writing the sixth data signal with the second polarity into
the sixth storage unit of the LCD device is writing the
sixth data signal with the second polarity into the sixth
storage unit of the LCD device via the second demulti-
plexer.

20. The driving method of claim 18, wherein:

setting the common voltage to be the first voltage and
writing the first data signal with the first polarity into the
first storage unit of the LCD device based on the enabled
first gate signal is setting the common voltage to be a low
voltage and writing the first data signal with positive
polarity into the first storage unit of the LCD device
based on the enabled first gate signal,

setting the common voltage to be the first voltage and
writing the third data signal with the first polarity into the
third storage unit of the LCD device based on the
enabled first gate signalis setting the common voltage to
be the low voltage and writing the third data signal with
positive polarity into the third storage unit of the LCD
device based on the enabled first gate signal,

setting the common voltage to be the first voltage and
writing the fifth data signal with the first polarity into the
fifth storage unit of the LCD device based on the enabled
first gate signal is setting the common voltage to be the
low voltage and writing the fifth data signal with positive
polarity into the fifth storage unit of the LCD device
based on the enabled first gate signal,

setting the common voltage to be the second voltage and
writing the second data signal with the second polarity
into the second storage unit of the LCD device based on
the enabled first gate signal is setting the common volt-
age to be a high voltage and writing the second data
signal with negative polarity into the second storage unit
of the LCD device based on the enabled first gate signal;

setting the common voltage to be the second voltage and
writing the fourth data signal with the second polarity
into the fourth storage unit of the LCD device based on
the enabled first gate signal is setting the common volt-
age to be the high voltage and writing the fourth data
signal with negative polarity into the fourth storage unit
of the LCD device based on the enabled first gate signal;
and

setting the common voltage to be the second voltage and
writing the sixth data signal with the second polarity into
the sixth storage unit of the LCD device based on the
enabled first gate signalis setting the common voltage to
be the high voltage and writing the sixth data signal with
negative polarity into the sixth storage unit of the LCD
device based on the enabled first gate signal.
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21. The driving method of claim 18, further comprising:

setting a second gate signal to be an enabled signal during
a second interval;

setting the common voltage to be the second voltage and
writing a seventh data signal with the second polarity
into a seventh storage unit of the LCD device based on
the enabled second gate signal during a first sub-interval
of the second interval;

setting the common voltage to be the second voltage and
writing a ninth data signal with the second polarity into
a ninth storage unit of the LCD device based on the
enabled second gate signal during a second sub-interval
of the second interval; and

setting the common voltage to be the second voltage and
writing an eleventh data signal with the second polarity
into an eleventh storage unit of the LCD device based on
the enabled second gate signal during a third sub-inter-
val of the second interval;

setting the common voltage to be the first voltage and
writing an eighth data signal with the first polarity into
an eighth storage unit of the LCD device based on the
enabled second gate signal during a fourth sub-interval
of the second interval,

setting the common voltage to be the first voltage and
writing a tenth data signal with the first polarity into a
tenth storage unit of the LCD device based on the
enabled second gate signal during a fifth sub-interval of
the second interval; and

setting the common voltage to be the first voltage and
writing a twelfth data signal with the first polarity into a
twelfth storage unit of the LCD device based on the
enabled second gate signal during a sixth sub-interval of
the second interval;

wherein the first interval and the second interval are not
overlapped, and the first through sixth sub-intervals of
the second interval are not overlapped between each
other.

22. The driving method of ¢laim 21, wherein:

setting the first gate signal to be the enabled signal during
the first interval is furnishing the first gate signal having
a high voltage level to a first gate line during the first
interval; and

setting the second gate signal to be the enabled signal
during the second interval is furnishing the second gate
signal having a high voltage level to a second gate line
adjacent to the first gate line during the second interval.

23. The driving method of claim 22, wherein:

the first through sixth storage units are coupled to the first
gate line;

the seventh through twelfth storage units are coupled to the
second gate line;

the first, second and third storage units are corresponding
to a first pixel unit;

the fourth, fifth and sixth storage units are corresponding to
a second pixel unit adjacent to the first pixel unit;

the seventh, eighth and ninth storage units are correspond-
ing to a third pixel unit adjacent to the first pixel unit; and

the tenth, eleventh and twelfth storage units are corre-
sponding to a fourth pixel unit adjacent to the second and
third pixel units.

24. The driving method of claim 21, wherein:

writing the seventh data signal with the second polarity into
the seventh storage unit of the LCD device is writing the
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seventh data signal with the second polarity into the
seventh storage unit of the LCD device via a first demul-
tiplexer of the LCD device;

writing the ninth data signal with the second polarity into
the ninth storage unit of the LCD device is writing the
ninth data signal with the second polarity into the ninth
storage unit of the LCD device via the first demulti-
plexer;

writing the eleventh data signal with the second polarity
into the eleventh storage unit of the LCD device is writ-
ing the eleventh data signal with the second polarity into
the eleventh storage unit of the LCD device via a second
demultiplexer of the LCD device;

writing the eighth data signal with the first polarity into the
eighth storage unit of the LCD device is writing the
eighth data signal with the first polarity into the eighth
storage unit of the LCD device via the first demultiplexer
of the LCD device;

writing the tenth data signal with the first polarity into the
tenth storage unit of the LCD device is writing the tenth
data signal with the first polarity into the tenth storage
unit of the LCD device via the second demultiplexer;
and

writing the twelfth data signal with the first polarity into the
twelfth storage unit of the LCD device is writing the
twelfth data signal with the first polarity into the twelfth
storage unit of the LCD device via the second demulti-
plexer.

25. The driving method of claim 21, wherein:

setting the common voltage to be the second voltage and
writing the seventh data signal with the second polarity
into the seventh storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be a high voltage and writing the seventh data
signal with negative polarity into the seventh storage
unit of the LCD device based on the enabled second gate
signal,

setting the common voltage to be the second voltage and
writing the ninth data signal with the second polarity
into the ninth storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be the high voltage and writing the ninth data
signal with negative polarity into the ninth storage unit
of the LCD device based on the enabled second gate
signal;

setting the common voltage to be the second voltage and
writing the eleventh data signal with the second polarity
into the eleventh storage unit of the LCD device based on
the enabled second gate signal is setting the common
voltage to be the high voltage and writing the eleventh
data signal with negative polarity into the eleventh stor-
age unit of the LCD device based on the enabled second
gate signal;

setting the common voltage to be the first voltage and
writing the eighth data signal with the first polarity into
the eighth storage unit of the LCD device based on the
enabled second gate signal is setting the common volt-
ageto be alow voltage and writing the eighth data signal
with positive polarity into the eighth storage unit of the
LCD device based on the enabled second gate signal;

setting the common voltage to be the first voltage and
writing the tenth data signal with the first polarity into
the tenth storage unit of the LCD device based on the
enabled second gate signal is setting the common volt-
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age to be the low voltage and writing the tenth data signal
with positive polarity into the tenth storage unit of the
LCD device based on the enabled second gate signal;
and

setting the common voltage to be the first voltage and
writing the twelfth data signal with the first polarity into
the twelfth storage unit of the LCD device based on the

10
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enabled second gate signal is setting the common volt-
age to be the low voltage and writing the twelfth data
signal with positive polarity into the twelfth storage unit
of the LCD device based on the enabled second gate
signal.
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