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(57) ABSTRACT

Provided is a liquid crystal display panel, a liquid crystal
display device having the same, and a driving method
thereof capable of improving image quality. The liquid
crystal display device includes a liquid crystal display panel;
a gate driver; and a data driver. The liquid crystal display
panel includes pixel regions arranged in a matrix, each being
defined by a gate line and first and second data lines crossing
the gate line. The gate driver supplies a scan signal to the
gate line. The data driver alternately supplies a data voltage
and a common voltage to the first and second data lines.

Or1

Tl

Tr

Gn




Patent Application Publication  Nov. 15,2007 Sheet 1 of 6 US 2007/0262938 A1

FIG. 1 (RELATED ART)

Om-1 (P Om D1
Gn-1
/
1 Clc T Clc
—|_|—D<1—~Vcon—|_,—b<1—~Vcon
Gn
T ClC 1 Clc
-Lrbd—-\icorr-u—w—»Vcon
Gn+1

FIG. 2 (RELATED ART)

Vgh

/ AVp
_____ .

Veom—— - — —— ——— — _ e
Val




Patent Application Publication  Nov. 15,2007 Sheet 2 of 6 US 2007/0262938 A1

FIG. 3
P
DI Dr1
{g&

Tl Tr

U

Gn L T

FIG. 4

Vgh

Vgl

. /




Patent Application Publication  Nov. 15,2007 Sheet 3 of 6 US 2007/0262938 A1
FIG. 5
30
D11 p OrlDI2 0r2 DI3 Or3
Gn-1 /(
Ct
Tl Tr
Gn T T T T T T
Gn+1 T T T T T T
FIG. 6
10 20 12
RGB / z
TIMING SSC, P, SO, POL DATA _ Vcom | COMMON VOLTAGE
CONTROLLER GSC.GSP, GOE DRIVER GENERATOR
vd.Vcom

15~

LIQUID CRYSTAL
PANEL

DM — DO M—AP O




Patent Application Publication  Nov. 15,2007 Sheet 4 of 6 US 2007/0262938 A1
FIG. 7
RGB
ggg SHIFT REGISTER |~ 21
\
FIRST LATCGH  [~—22
SECOND LATCH —— 23
24
POL DAC e Vgamma
SOE BUFFER UNIT —— 25
Vd ‘———Vcom
321 SWITCHING LNIT  p—26
FIG. 8
26
01 274 02 o7 03 27¢
r—— =7 _—_K———‘Il— ________ /_ - ar-----
| S N
| 1 I ]
Voom — - -
| H I
S2 — H H
| [l I
it Rl T
II—[ HC 4L I—H: nHC HC Y ’L{E HL{ H[
LT T2| T3] T4 Ti] T2] T3] T4 || T1] T2
S T A R
Dl1 Dr 1 DI2 Dr2 DI3 Dr3



Patent Application Publication  Nov. 15,2007 Sheet 5 of 6

US 2007/0262938 A1

FIG. 9
Vgh
I~ 7
Vgl
Gn—1 f/
| 11H
SC2
.
{
|
Gn :
o
|
Lo
|
[
Gnt1 —
I
I
|

| /——’High level | on level
st | {

| 1 | Low level High(level

S2

(q

vd

1 w(

DI ]

o ~A—Vd
Dr1

Vcom



Patent Application Publication  Nov. 15,2007 Sheet 6 of 6 US 2007/0262938 A1

FIG. 10
. FIRST FRAME | SECOND FRAME
|= =|=
| s |
: : ]
| |
Gn ! I /
' A high level o
ST Lo n
S2
L S low level o
| L
| L
~— Vg _
! N——— Vcom
Vcom
FIG. 11
SC2 Vd
N
Dri B {j( ________ —
T \
AVdi AV
D11 == ;____;
Gn S \ _



US 2007/0262938 A1l

LIQUID CRYSTAL DISPLAY PANEL, LIQUID
CRYSTAL DISPLAY DEVICE HAVING THE
SAME, AND DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 10-2006-0041733, filed on May 10,
2006, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display panel, a liquid crystal display device having the
same, and a driving method thereof.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) device displays an
image by controlling light transmittance of liquid crystal
cells according to an image signal. The LCD device may be
driven using an inversion scheme in which data applied to a
liquid crystal cell is periodically inverted to reduce image
flickering and the generation of an after-image. The inver-
sion schemes includes a line inversion scheme in which the
polarity of data for a vertical line is periodically inverted, a
column inversion scheme in which the polarity of data for a
horizontal line is inverted, and a dot inversion scheme in
which the polarity of data is inverted for adjacent liquid
crystal cells.

[0006] FIG. 1 is a schematic circuit diagram showing a
liquid crystal display panel of a related art LCD device. The
related art liquid crystal display panel is constructed by
injecting liquid crystals between upper and lower glass
substrates. As shown in FIG. 1, a plurality of gate lines
Gn-1, Gn and Gn+1 are arranged in a first direction on the
lower glass substrate and a plurality of data lines Dm-1, Dm
and Dm+1 are arranged in a second direction. Pixel regions
P are defined by crossings of the gate lines Gn-1, Gn and
Gn+1, and the data lines Dm-1, Dm and Dm+1. A thin film
transistor T and a pixel electrode are formed in each pixel
region P. Red (R), green (G) and blue (B) color filters and a
common electrode are formed on the upper glass substrate.
In the illustrated LCD device of the related art, a liquid
crystal cell Clc is formed between a pixel electrode on the
lower glass substrate and the common electrode of the upper
glass substrate. The liquid crystal cell Cle is driven by a data
voltage supplied to the pixel electrode and a common
voltage supplied to the common electrode.

[0007] A storage capacitor Cst (not shown) is formed at
the overlap between the pixel electrode and a gate line. The
storage capacitor Cst maintains a data voltage supplied to
the pixel electrode for a first horizontal period H.

[0008] A scan signal is sequentially supplied to the plu-
rality of gate lines Gn-1, Gn and Gn+1, to turn on the thin
film transistors connected to the gate lines Gn-1, Gn and
Gn+1. While the thin film transistors are turned on, a data
voltage supplied to the plurality of data lines Dm~-1, Dm and
Dm+1 is applied to the pixel electrodes via the thin film
transistors T. Accordingly, the data voltage supplied to the
pixel electrodes of the lower glass substrate and the common
voltage supplied to the common electrode of the upper glass
substrate are applied to the liquid crystal cells Clc to display
an image.
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[0009] Referring to FIG. 2, when a gate high voltage Vgh
is switched to a gate low voltage Vgl, a kickback voltage
AVp as shown in Equation 1 below is generated by parasitic
capacitance Cgd of the thin film transistor T. The kickback
voltage AVp is charged into the liquid crystal cell Clc. This
kickback voltage AVp causes a continuous voltage drop in
the inversion type, regardless of whether the polarity of the
data voltage is positive or negative. The kickback voltage
AVp may be calculated using Equation 1.

Cgd (Equation 1)

AVp= Cgd + Cst + Cle (Veh— Vel

[0010] In Equation 1, AVp denotes a kickback voltage,
Cgd denotes capacitance between a gate electrode and a
drain electrode of the thin film transistor T, and Cst denotes
storage capacitor. As may be appreciated from Equation 1,
AVp varies directly with the parasitic capacitance Cgd of the
thin film transistor.

[0011] For a given gray scale value, the charged amount
for positive polarity data voltage dropped by the kickback
voltage AVp becomes different from that of the negative
polarity data voltage dropped by the kickback voltage AVp
referenced to a common voltage Veom, resulting in flick-
ering as polarity is reversed. Depending on the inversion
scheme used, the flickering may occur between dots, lines,
or frames.

[0012] Further, although the LCD device 1s driven by the
inversion scheme, an afterimage is still generated.

[0013] Additionally, in the related LCD device, to obtain
high brightness, a data voltage is raised with respect to the
common voltage Vcom to increase the electric potential
difference therebetween. Since the data voltage is raised to
obtain the high brightness, power consumption is disadvan-
tageously increased.

[0014] In practice, different data voltages are supplied to
respective liquid crystal cells Cle. Differing kickback volt-
ages are generated by the different data voltages because the
parasitic capacitance Cgd is a function of the data voltage.
For this reason, kick back voltage cannot be effectively
compensated for by adjusting the common voltage Vcom.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to a
liquid crystal display panel, a liquid crystal display device
having the same, and a driving method thereof that substan-
tially obviates one or more problems due to limitations and
disadvantages of the related art.

[0016] An advantage of the present invention is to provide
a liquid crystal display panel, a liquid crystal display device
having the same, and a driving method thereof capable of
improving image quality by preventing or reducing genera-
tion of an afterimage and image flickering.

[0017] Another advantage of the present invention is to
provide a liquid crystal display panel, a liquid crystal display
device having the same, and a driving method thereof
capable of improving image quality by efficiently control-
ling different kickback voltages.

[0018] Another advantage of, the present invention is to
provide a liquid crystal display panel, a liquid crystal display
device having the same, and a driving method thereof
capable of reducing power consumption.
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[0019] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0020] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
panel including a plurality of pixel regions arranged in a
matrix, each pixel region includes a gate line; first and
second data lines crossing the gate line; a first thin film
transistor connected to the gate line and the first data line
that applies a voltage applied to the first data line to a liquid
crystal cell between the first and second data lines; a second
thin film transistor connected to the gate line and the second
data line that applies a voltage applied to the second data line
to the liquid crystal cell, wherein the liquid crystal display
panel includes a switching unit to alternately apply a data
voltage and a common voltage to each of the first and second
data lines.

[0021] In another aspect of the present invention, a liquid
crystal display device includes: a liquid crystal display panel
including pixel regions arranged in a matrix, each being
defined by a gate line and first and second data lines crossing
the gate line; a gate driver supplying a scan signal to the gate
line; and a data driver alternately supplying a data voltage
and a common voltage to the first and second data lines.
[0022] In yet another aspect of the present invention, a
method of driving a liquid crystal display device includes a
liquid crystal display panel including pixel regions arranged
in a matrix, each including a gate line and first and second
data lines crossing the gate line; and a gate driver and a data
driver for driving the liquid crystal display panel, the method
including: supplying a first data voltage to the first data line
and supplying a common voltage to the second data line for
a first period; and supplying a second data voltage to the
second data line and supplying the common voltage to the
first data line for a second period.

[0023] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0025] In the drawings:

[0026] FIG. 1 is a schematic circuit diagram showing a
liquid crystal display panel of a related art liquid crystal
display device;

[0027] FIG. 2 is a waveform diagram showing a kickback
voltage generated in the liquid crystal display panel of FIG.
1,

[0028] FIG. 3 is a schematic circuit diagram showing one

pixel region according to an embodiment of the present
invention;
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[0029] FIG. 4 is a waveform diagram showing a scan
signal supplied to a gate line of the one pixel region of FIG.

[0030] FIG. 5is a schematic circuit diagram showing pixel
regions of FIG. 3 arranged in a matrix;

[0031] FIG. 6 is a block diagram of a liquid crystal display
device including the liquid crystal display panel of FIG. 5;
[0032] FIG. 7 is a block diagram of a data driver of FIG.
6;

[0033] FIG. 8is a schematic circuit diagram of a switching
unit of FIG. 7,

[0034] FIG. 9 is a waveform diagram showing a data
voltage and a common voltage supplied to alternate lines;
[0035] FIG. 10 is a waveform diagram showing a data
voltage and a common voltage supplied in alternate frames;
and

[0036] FIG. 11 is a waveform diagram showing a kickback
voltage generated from the liquid crystal display panel of
FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] Reference will now be made in detail to an embodi-
ment of the present invention, an example of which is
illustrated in the accompanying drawings.

[0038] FIG. 3 is a schematic circuit diagram showing one
pixel region according to the present invention.

[0039] Referring to FIG. 3, a pixel region P according to
an embodiment of the present invention may be defined by
one gate line Gn and first and second data lines D11 and Dr1.
The pixel region P includes first and second thin film
transistors T1 and Tr, and one liquid crystal cell Ct.
[0040] Gate electrodes of the first and second thin film
transistors T1 and Tr are connected in common to the gate
line Gn, and drain electrodes thereof are connected in
common to the liquid crystal cell Ct, while source electrodes
of the first and second thin film transistors T1 and Tr are
connected to the first and second data lines DI1 and Drl,
respectively.

[0041] The liquid crystal cell Ct includes a liquid crystal
capacitance (Clc) formed by liquid crystals and a storage
capacitor formed by a gate line located at a former position
or a predetermined common voltage line. First and second
pixel electrodes are connected between the first and second
thin film transistors T1 and Tr and the liquid crystal cell Ct.
[0042] Referring to FIG. 4, a scan signal, that is, a gate
high voltage Vgh is supplied to the gate line Gn for a first
horizontal period H, and a gate low voltage is supplied
thereto after the first horizontal period H until the next
frame. Accordingly, when the scan signal, that is, the gate
high voltage Vgh, is supplied to the gate line Gn, the first and
second transistors T1 and Tr connected to the gate line Gn
are simultaneously turned ON.

[0043] Either of a data voltage or a common voltage may
be supplied to the first and second data lines DI and Dr. For
example, the data voltage may be supplied to the first data
line DI, while the common voltage is supplied to the second
data line Dr. Alternatively, the common voltage may be
supplied to the first data line DI, while the data voltage is
supplied to the second data line Dr.

[0044] The data voltage and the common voltage may be
alternately supplied to the first and second data lines D1 and
Dr in units of one frame. That is, a data voltage may be
applied to the first data line DI while a common voltage is
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applied to the second data line Dr during a first frame, and
a common voltage may be applied to the first data line DI
while a data voltage is applied to the second data line Dr
during a second frame. Alternatively, the data voltage and
the common voltage may be alternately supplied to the first
and second data lines DI and Dr in units of two, three, four
..., or s frames where s is an integer. For example, the data
voltage may be supplied to the first data line D], and the
common voltage may be supplied to the second data line Dr
for the first s frames, and the data voltage may be supplied
to the second data line Dr and the common voltage may be
supplied to the first data line DI for the second s frames.

[0045] The data voltage and the common voltage may be
alternately supplied to the first and second data lines D1 and
Dr in units of time to scan one gate line within one frame.
Alternatively, the data voltage and the common voltage may
be alternately supplied to the first and second data lines D1
and Dr in units of time to scan two, three, four, . . ., and t
gate lines, where t is an integer. For example, the data
voltage may be supplied to the first data line DI and the
common voltage is supplied to the second data line Dr while
scanning the first t gate lines during a frame, and the data
voltage may be supplied to the second data line Dr and the
common voltage may be supplied to the first data line DI
while scanning the second t gate lines during a frame.

[0046] As shown in FIG. 5, pixel regions P are arranged in
a matrix to constitute a liquid crystal display (LCD) panel.
Each pixel region may have the same structure as that of the
single pixel region P illustrated in FIG. 3.

[0047] FIG. 6 is a block diagram showing an LCD device
including the liquid crystal display panel of FIG. 5. Refer-
ring to FIG. 6, the LCD device according an embodiment of
to the present invention includes a timing controller 10, a
gate driver 15, a data driver 20, and a liquid crystal display
panel 30.

[0048] The timing controller 10 generates first and second
control signals for controlling the gate driver 15 and the data
driver 20 using a clock signal CLK and vertical/horizontal
synchronizing signals V and H supplied from a source
external to the LCD device. That is, the timing controller 10
generates the first control signal for controlling the gate
driver 15 and the second control signal for controlling the
data driver using the vertical/horizontal synchronizing sig-
nals V and H and the clock signal CLK. The first control
signal includes gate shift clock (GSC), gate start pulse
(GSP), and the gate output enable (GOE) signals, and the
second control signal includes scan shift clock (SSC), scan
start pulse (SSP), scan output enable (SOE), and the polarity
control (POL) signals. The timing controller 10 supplies the
first control signal to the gate driver 15, while supplying the
second control signal and a digital data signal RGB to the
data driver 20.

[0049] The gate driver 15 sequentially generates scan
signals of the first horizontal period H, that is, gate high
voltages Vgh, and supplies the gate high voltages Vgh to the
respective gate lines Gn-1, Gn and Gn+1 in response to the
first control signal.

[0050] Referring to FIG. 7, the data driver 20 includes a
shift register 21, a first latch 22, a second latch 23, a
digital-analog converter (DAC) 24, a buffer unit 25 and a
switching unit 26. The shift register 21, the first latch 22, the
second latch 23, the DAC 24, and the buffer unit 25 will be
briefly described.
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[0051] The shift register 21 sequentially outputs a prede-
termined signal using the SSC signal and the SSP signal. A
digital data signal (red (R), green (G), or blue (B)) for one
line is sequentially latched in the first latch 22 in response to
a sampling signal. After being latched in the first latch 22,
the digital data signal RGB for a single line is latched in the
second latch 23.

[0052] The DAC 24 outputs a data voltage Vd correspond-
ing to the digital data signal RGB latched to the second latch
23, using a predetermined gamma value Vgamma generated
from a gamma value generator. The digital data signal for the
single line may undergo inversion to a data voltage of
positive or negative polarity in response to the POL signal
supplied from the timing controller 10. Accordingly, the data
voltage of the positive or negative polarity is output to the
buffer unit 25 from the DAC 24.

[0053] The buffer unit 25 outputs a data voltage Vd in
response to the SOE signal.

[0054] The switching unit 26 will now be described in
detail. The switching unit 26 receives a data voltage Vd from
the buffer unit 25, and receives a common voltage Vcom
from a common voltage generator 12. The data voltage Vd
and the common voltage Vcom may be alternately output in
response to predetermined control signals S1 and S2.

[0055] The data voltage Vd and the common voltage
Veom output from the switching unit 26 are periodically
alternately supplied to first data lines D11, D12 and D13 and
second data lines Drl, Dr2 and Dr3 of the pixel regions P.
For example, the data voltage Vd is supplied to the first data
line DI1 and the common voltage Veom is supplied to the
second data line Dr1 during a first period. During a second
period, the data voltage Vd is supplied to the second data
line Drl and the common voltage Veom is supplied to the
first data line D11 by switching of the switching unit 26. In
this manner, the data voltage Vd and the common voltage
Veom may be alternately supplied to the first and second
data lines D11 and Dr1 for each period. The period may refer
to a time period for scanning a unit of t gate lines within one
frame, or to the time period of a unit of s frames.

[0056] Referring to FIG. 8, the switching unit 26 may
include a plurality of switches 27a, 275 and 27¢, with each
switch corresponding to a respective pixel region P of the
liquid crystal display panel 30. Each of the switches 274,
27b and 27¢ may include first through fourth transistors T1
through T4. The first through fourth transistors first T1
through T4 may be NMOS type transistors or PMOS type
transistors.

[0057] FIG. 8 is a view showing an example connection
structure of the first through fourth transistors provided for
the convenience of explanation, and various connection
structures may be used without departing from the spirit of
the invention.

[0058] For example, drain electrodes of the first and
second transistors T1 and T2 may be connected to first data
lines D11, D12 and DI3, while drain electrodes of the third
and fourth transistors T3 and T4 are connected to the second
data lines Drl, Dr2 and Dr3.

[0059] Gate electrodes of the first and fourth transistors T1
and T4 may be connected to a first control line through
which a first control signal S1 is supplied, while gate
electrodes of the second and third transistors T2 and T3 may
be connected to a second control line through which a
second control signal S2 is supplied.
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[0060] Source electrodes of the first and third transistors
T1 and T3 are connected to output lines D1, D2 and D3 of
the buffer unit 25, while source electrodes of the second and
fourth transistors T2 and T4 may be connected to common
lines through which a common voltage Vcom is supplied.

[0061] Each of the switches 27a, 275 and 27¢ may be
controlled so that the data voltage Vd and the common
voltage Vcom can be periodically alternately supplied to the
first data lines DI1, D12 and D13 and the second data lines
Drl, Dr2 and Dr3.

[0062] For example, when the first control signal S1 has a
high level and the second control signal S2 has a low level
during a first period, the first and fourth transistors T1 and
T4 are turned ON, and the second and third transistors T2
and T3 are turned OFF. Accordingly, the data voltage Vd is
supplied to the data lines DI1, DI2 and DI3 via the first
transistors T1, and the common voltage Veom is supplied to
the second data lines Drl, Dr2 and Dr3 via the fourth
transistors T4. In the case where the first control signal S1
has a low level and the second control signal S2 has a high
level during a second period, the second and third transistors
T2 and T3 are turned ON, and the first and fourth transistors
T1 and T4 are turned OFF. Accordingly, the common
voltage Veom is supplied to the first data lines DI1, DI2 and
DI3 via the second transistors T2, and the data voltage Vd is
supplied to the second data lines Drl, Dr2 and Dr3 via the
third transistors T3.

[0063] As described above, data voltages Vd and the
common voltage Vcom may each be alternately supplied to
the first data lines D11, D12 and D13 and the second data lines
Drl, Dr2 and Dr3 for each period. The period may refer to
a time period for scanning a unit of t gate lines within one
frame, or to the time period of a unit of s frames.

[0064] To provide a the better understanding of the present
invention, an example case where a data voltage Vd and a
common voltage Vcom are supplied to the first data lines
D11, D12 and DI3 and the second data lines Drl, Dr2 and Dr3
in units of a gate line (FIG. 9) within one frame or in units
of a frame (FIG. 10) will be described.

[0065] Referring to FIG. 9, scan signals SC1, SC2 and
SC3, namely, gate high voltages Vgh, are sequentially
supplied to respective gate lines Gn-1, Gn and Gn+1 of the
liquid crystal display panel 30 during a first horizontal
period. A gate low voltage Vgl is supplied to each of the gate
lines Gn-1, Gn and Gn+1 after the first horizontal period
until the next frame.

[0066] While the first scan signal SC1 is being supplied to
the n-1% gate line Gn-1, the first control signal S1 has a
high level, and the second control signal S2 has a low level.
Accordingly, the first and fourth transistors T1 and T4 of
each of the switches 274, 27 and 27¢ of the switching unit
26 are turned ON, so that the data voltage Vd is supplied to
the first data lines DI1, D12 and D13 of the pixel regions P
on the n-1"” gate line Gn-1, and the common voltage Vcom
is supplied to the second data lines Dr1, Dr2 and Dr3 of the
pixel regions P on the n-17 gate line Gn-1.

[0067] While the second scan signal SC2 is being supplied
to the n” gate line Gn, the first control signal S1 has a low
level, and the second control signal S2 has a high level.
Accordingly, the second and third transistors T2 and T3 of
each of the switches 274, 27 and 27¢ of the switching unit
26 are turned ON, so that the data voltage Vd is supplied to
the second data lines Drl, Dr2 and Dr3 of the pixel regions
P on the n” gate line Gn, and the common voltage Vcom is

Nov. 15, 2007

supplied to the first data lines DI1, DI2 and D13 of the pixel
regions P on the n? gate line Gn.

[0068] While the third scan signal SC3 is being supplied
to the n+1? gate line Gn+1, the first control signal S1 has a
high level and the second control signal S2 has a low level.
Accordingly, the first and fourth transistors T1 and T4 of
each of the switches 274, 27 and 27¢ of the switching unit
26 are turned ON, so that the data voltage Vd is supplied to
the first data lines DI1, D12 and DI3 of the pixel regions P
on the n+1” gate line Gn+1, and the common voltage Vcom
is supplied to the second data lines Drl, Dr2 and Dr3 of the
pixel regions P on the n+1% gate line Gn+1.

[0069] Therefore, the data voltage Vd and the common
voltage Vcom are periodically and alternately supplied to
the first data lines D11, D12 and D13 and the second data lines
Drl, Dr2 and Dr3 in units of each gate line Gn-1, Gn and
Gn+1 within one frame. Accordingly, a residual DC voltage
is not developed on each of the gate lines Gn-1, Gn and
Gn+1, thereby preventing the generation of afterimages.
[0070] Referring to FIG. 10, a second scan signal SC2 is
supplied to the n™ gate line Gn within a first frame, and a
second scan signal SC2 is supplied to the n” gate line Gn
within a second frame. For the convenience in description,
the description will be made limited to the n gate line Gn
of each frame.

[0071] While the second scan signal SC2 is being supplied
to the n” gate line Gn in the first frame, a first control signal
S1 has a high level and a second control signal S2 has a low
level. Accordingly, the first and fourth transistors T1 and Tr
of each of the switches 27a, 275 and 27¢ of the switching
unit 26 are turned ON, so that a data voltage Vd is supplied
to the first data lines DI1, DI2 and DI3, and a common
voltage Veom is supplied to the second data lines Drl, Dr2
and Dr3.

[0072] While the second scan signal SC2 is being supplied
to the n” gate line Gn in the second frame, a first control
signal S1 has a low level and a second control signal S2 has
a high level. Accordingly, the second and third transistors T2
and T3 of each of the switches 27a, 275 and 27¢ are turned
ON, so that the data voltage Vd is supplied to the second
data lines Dr1, Dr2 and Dr3, and the common voltage Vcom
is supplied to the first data lines DI1, DI2 and DI3.

[0073] As a result, the data voltage Vd and the common
voltage Vecom are periodically alternately supplied to the
first data lines DI1, D12 and DI3 and the second data lines
Drl, Dr2 and Dr3 in units of each frame. Accordingly, a
residual DC does not exist on each of the gate lines and the
creation of an afterimage may be prevented.

[0074] The data voltage Vd and the common voltage
Veom may be periodically alternately supplied to the first
data lines DI1, D12 and D13 and the second data lines Drl,
Dr2 and Dr3 in units of not only each frame but the voltage
applied to the first and second data lines may also be
alternated for each gate line within each frame.

[0075] The data voltage Vd and the common voltage
Veom may be periodically supplied to the first data lines
DI1, D12 and D13 and the second data lines Dr1, Dr2 and Dr3
in units of only each frame. On the other hand, within each
frame, the data voltage Vd and the common voltage Vcom
may be supplied to the first data lines DI1, DI2 and D13 and
the second data lines Drl, Dr2 and Dr3 in a predetermined
manner for the corresponding frame regardless of each gate
line. For example, in the case where the data voltage Vd is
supplied to the first data lines DI1, D12 and DI3 and the
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common voltage Vcom is supplied to the second data lines
Drl, Dr2 and Dr3 in a corresponding frame, the data voltage
Vd may be supplied to the first data line DI1 and the
common voltage Vcom may be supplied to the second data
line Drl for every data line of the corresponding frame.
[0076] Although the switching unit 26 is provided at the
data driver 20 in the description above, the switching unit 26
may be formed directly on the liquid crystal display panel 30
using a semiconductor process. When the switching unit 26
is formed on the liquid crystal display panel, the first through
fourth transistors T1 through T4 of each of the switches 274,
27b and 27¢ of the switching unit 26 may be formed of
polysilicon, microcrystalline silicon, amorphous silicon, or
the like.

[0077] The present invention maybe used to reduce or
preventing afterimages but also contributes to reducing or
eliminating image flickering, as may be understood from
FIG. 11.

[0078] Referring to FIG. 11, the second scan signal SC2,
namely, a gate high voltage Vgh, is supplied to the n™ gate
line Gn, to turn ON the first and second thin film transistors
T1 and Tr of the pixel regions P on the n” gate line Gn. In
this case, a data voltage Vd is supplied to the first data lines
DI1, D12 and D13, and a common voltage Vcom is supplied
to the second data lines Drl, Dr2 and Dr3 by switching of
the switches 27a, 27b and 27¢ of the switching unit 26. Thus,
a first potential difference AVd1 between the data voltage Vd
and the common voltage Vcom is supplied to the liquid
crystal cells Cle.

[0079] A gate high voltage Vgh is supplied to the nth gate
line Gn for the first horizontal period H, and a gate low
voltage Vgl is supplied thereto after the first horizontal
period H. When the gate high voltage Vgh changes to the
gate low voltage Vgl, a kickback voltage AVp is generated
by parasitic capacitance Cgd of the first and second transis-
tors T1 and Tr. When the parasitic capacitance Cgd of the
first thin film transistor T1 and that of the second thin film
transistor Tr are equal to each other, the kickback voltages
thereof become identical. When the gate high voltage Vgh
changes to the gate low voltage Vgl, the data voltage Vd is
dropped by the kickback voltage AVp and the common
voltage Vcom is also dropped by the kickback voltage AVp.
Accordingly, in the liquid crystal cell Clc a second potential
difference AVd2 between the data voltage Vd dropped by the
kickback voltage AVp and the common voltage Vcom
dropped by the kickback voltage AVp is sustained. Since
both the data voltage Vd and the common voltage Vcom are
dropped by the same kickback voltage AVp, the first poten-
tial difference AVdl and the second potential difference
AVad2 are equal to each other. Therefore, the first and second
thin film transistors T1 and Tr each apply the same kickback
voltage in each pixel region P, so that the potential difference
supplied to the liquid crystal cell Clc becomes identical after
and before the gate high voltage Vgh is inverted to the gate
low voltage Vgl. Accordingly, the desired gray scale asso-
ciated with a data voltage applied to the liquid crystal cell
Clc can be correctly expressed, and the image flickering can
be reduced or eliminated to thereby improving display
quality.

[0080] Additionally, in the illustrated embodiment of the
present invention, the first thin film transistors T1 connected
to the first data line DIl and the second thin film transistors
Tr connected to the second data line Dr are provided in each
pixel region P, so that the data voltage Vd and the common
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voltage Vcom are alternately supplied to the first and second
data lines D11 and Dr1. Accordingly, a residual DC existing
on each gate line may be removed to thereby preventing
afterimages from occurring.

[0081] As described above, according to the present
invention, the first and second thin film transistors causing
the same kickback voltage are provided in each pixel region,
so that desired gray scale can be expressed, flickering is
prevented, and thus display quality can be improved.
[0082] According to embodiments of the present inven-
tion, the first and second data lines are connected to the
respective first and second thin film transistors in each pixel
region. Thus, the data voltage and the common voltage are
alternately supplied to the first and second data lines, thereby
removing a residual DC on each gate line and preventing
afterimages. Accordingly, the display quality can be
improved.

[0083] As opposed to the related art in which a kickback
voltage is controlled by varying the common voltage Vcom,
the data voltage Vd and the common voltage Vcom are
periodically alternately supplied to the first data lines DII,
D12 and D13 and the second data lines Drl, Dr2 and Dr3 of
the pixel regions P. Thus, the gray scale can be correctly
expressed regardless of the kickback voltage. Accordingly,
in a liquid crystal display according to the present invention
the detrimental effects of the kickback voltage on display
quality may be reduced or eliminated.

[0084] By varying the data voltage and the common
voltage varied relative to each other, the voltage swing of the
data voltage may be decreased to about of half of the voltage
swing of the related art using a fixed common voltage.
Accordingly, power consumption may be advantageously
decreased.

[0085] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. A liquid crystal display panel comprising a plurality of
pixel regions arranged in a matrix, each pixel region includ-
ing:

a gate line;

first and second data lines crossing the gate line;

a first thin film transistor connected to the gate line and the
first data line that applies a voltage on the first data line
to a liquid crystal cell between the first and second data
lines;

a second thin film transistor connected to the gate line and
the second data line that applies a voltage on the second
data line to the liquid crystal cell,

wherein the liquid crystal display panel includes a switch-
ing unit that alternately applies a data voltage and a
common voltage to each of the first and second data
lines.

2. The liquid crystal display panel according to claim 1,
wherein the first and second thin film transistors have the
same parasitic capacitance.

3. The liquid crystal display panel according to claim 1,
wherein the data voltage and the common voltage are
alternately supplied to the first and second data lines of each
pixel region for a predetermined period.
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4. The liquid crystal display panel according to claim 3,
wherein the predetermined period is a unit of s frames
periods, where s is an integer greater than or equal to 1.

5. The liquid crystal display panel according to claim 3,
wherein the predetermined period is a period to scan t gate
lines within a frame period where t is an integer greater than
or equal to 1.

6. The liquid crystal display panel according to claim 1,
wherein the data voltage and the common voltage are
alternately supplied to the first and second data lines of each
pixel in units of s frame periods and in units of time to scan
t gate lines within a frame period where s and t are each
integers greater than or equal to 1.

7. The liquid crystal display panel according to claim 1,
wherein when the switching unit applies a data voltage to the
first data line of a pixel region, the switching unit pixel
region applies the common voltage to the second data line of
the pixel region and when the switch applies the common
voltage to the first data line of a pixel region, the switch
applies a data voltage to the second data line of the pixel
region.

8. A liquid crystal display device comprising:

a liquid crystal display panel including pixel regions
arranged in a matrix, each pixel region defined by a
gate line and first and second data lines crossing the
gate line;

a gate driver supplying a scan signal to the gate line; and

a data driver that alternately supplies a data voltage and a
common voltage to the first and second data lines.

9. The liquid crystal display device according to claim 8,

wherein the pixel regions each include:

a first thin film transistor connected to the gate line and the
first data line;

asecond thin film transistor connected to the gate line and
the second data line; and

a liquid crystal cell formed between the first and second
thin film transistors.

10. The liquid crystal display device according to claim 9,
wherein the first and second thin film transistors have the
same parasitic capacitance.

11. The liquid crystal display device according to claim 8,
wherein the data driver alternately supplies a data voltage
and the common voltage are alternately supplied to the first
and second data lines for each predetermined period.

12. The liquid crystal display device according to claim
11, wherein the predetermined period is a unit of s frames
periods, where s is an integer greater than or equal to 1.
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13. The liquid crystal display device according to claim
11, wherein the predetermined period is a period to scan t
gate lines within one frame period where t is an integer
greater than or equal to 1.
14. The liquid crystal display device according to claim 8,
wherein the data voltage and the common voltage are
alternately supplied to the first and second data lines in units
of s frames periods and in units of time to scan t gate lines
within each frame period where s and t are each integers
greater than or equal to 1.
15. The liquid crystal display device according to claim 8,
wherein the data driver includes a switching unit that
alternately supplies the data voltage and the common volt-
age to the first and second data lines.
16. The liquid crystal display device according to claim
15, wherein the switching unit is provided at the data driver.
17. The liquid crystal display device according to claim
15, wherein the switching unit is formed on the liquid crystal
display panel.
18. The liquid crystal display device according to claim
15, wherein the switching unit includes a plurality of
switches wherein switches of the plurality corresponding to
a pixel region for the line of the liquid crystal display panel.
19. The liquid crystal display device according to claim
18, wherein the switches corresponding to each pixel
include a plurality of transistors for alternately switching the
data voltage and the common voltage.
20. The liquid crystal display device according to claim
19, wherein the transistors are one of an NMOS transistor
and a PMOS transistor.
21. A method of driving a liquid crystal display device
including a liquid crystal display panel including pixel
regions arranged in a matrix, each pixel region including a
gate line and first and second data lines crossing the gate
line; and a gate driver and a data driver for driving the liquid
crystal display panel, the method comprising:
supplying a first data voltage to the first data line and
supplying a common voltage to the second data line for
a first time period; and

supplying a second data voltage to the second data line
and supplying the common voltage to the first data line
for a second time period.

22. The method according to claim 21, wherein the time
period is a unit of s frames periods, where s is an integer
greater than or equal to 1.

23. The method according to claim 21, wherein the time
period is a time period for scanning t gate lines within one
frame period where t is an integer greater than or equal to 1.
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