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FIG. 4A
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean Patent
Application No. P2007-135045, filed on Dec. 21, 2007,
which is hereby incorporated by reference 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 dis-
play device, and more particularly, to a liquid crystal display
device which is capable of driving aliquid crystal using image
signals supplied to two adjacent data lines, and a driving
method thereof.

[0004] 2. Discussion of the Related Art

[0005] Generally, a conventional liquid crystal display
device is adapted to display an image by adjusting light trans-
mittance of a liquid crystal using an electric field. To this end,
the liquid crystal display device comprises a liquid crystal
panel including liquid crystal cells arranged in matrix form
between two glass substrates and each having a liquid crystal
formed between the glass substrates and switching elements
for switching signals to be supplied to the liquid crystal cells,
respectively, a driving circuit for driving the liquid crystal
panel, and a backlight unit for irradiating light to the liquid
crystal panel.

[0006] Each of the liquid crystal cells of the liquid crystal
panel adjusts light transmittance of the liquid crystal based on
an electric field formed by a potential difference between an
image signal supplied to a corresponding data line and a
common voltage applied to an opposite electrode.

[0007] However, the conventional liquid crystal display
device has problems as follows.

[0008] Firstly, a common voltage supply line is required to
apply the common voltage to the opposite electrode of each
liquid crystal cell, resulting in a reduction in aperture ratio of
each liquid crystal cell.

[0009] Secondly, because a flicker occurs due to a kickback
voltage Avp resulting from a parasitic capacitance of each
liquid crystal cell, the common voltage must be adjusted to
remove the flicker.

[0010] Thirdly, a picture quality i1s degraded due to a hori-
zontal crosstalk resulting from a distortion of the common
voltage based on the position of each liquid crystal cell.
[0011] Fourthly, a voltage of a direct current (DC) offset
component is applied to the liquid crystal due to the kickback
voltage, resulting in a deterioration of the liquid crystal.
[0012] Fifthly, an afterimage is generated due to a polarity
inversion of each liquid crystal cell based on an inversion
scheme. That is, in order to reduce the DC offset component
and, in turn, the deterioration of the liquid crystal, the con-
ventional liquid crystal display device is driven in the inver-
sion scheme where the polarity is inverted between adjacent
liquid crystal cells and on a frame period basis. However,
when any one of two polarities of a data voltage is dominantly
supplied for a lengthy period of time, an afterimage in which
the pattern of the original image appears faintly is generated.
This afterimage is called “DC image sticking’ in that a voltage
of the same polarity is repetitively charged in the liquid crys-
tal cell.

[0013] Sixthly, because the voltage level of an image signal
is divided into a positive polarity and a negative polarity on
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the basis of the common voltage, the image signal has a large
swing width based on the polarities, thereby increasing the
amount of heat to be generated in a data driving circuit and the
amount of current to be consumed therein.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
liquid crystal display device and a driving method thereof that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

[0015] An object of the present invention is to provide a
liquid crystal display device which is capable of driving a
liquid crystal using image signals supplied to two adjacent
data lines, and a driving method thereof.

[0016] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0017] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display device
has a plurality of liquid crystal cells formed respectively in
pixel areas defined by intersections of n gate lines and m data
lines, wherein each of the liquid crystal cells comprises: a thin
film transistor connected to any one of the gate lines and any
one of two data lines adjacent respectively to left and right
sides of a corresponding one of the liquid crystal cells, among
the data lines; and a liquid crystal capacitor and a storage
capacitor each formed between the other one of the two
adjacent data lines and the thin film transistor.

[0018] In another aspect of the present invention, a liquid
crystal display device comprises: an image display panel
including a plurality of liquid crystal cells formed respec-
tively in pixel areas defined by intersections of n gate lines
and m data lines; a gate driving circuit for driving the gate
lines; a data driving circuit for converting the same data into
first and second image signals, the first and second image
signals having voltage levels symmetrical about a middle
voltage between a lowest voltage and a highest voltage, and
supplying the converted first and second image signals
respectively to two data lines adjacent respectively to left and
right sides of each of the liquid crystal cells, among the data
lines; and a timing controller for controlling the gate driving
circuit and the data driving circuit and supplying the data
corresponding to the first and second image signals to the data
driving circuit, wherein the liquid crystal cells are arranged
on a plurality of horizontal lines corresponding respectively
to the gate lines, wherein all the liquid crystal cells on each of
the horizontal lines are simultaneously driven by the driving
of a corresponding one of the gate lines.

[0019] Ina furtheraspect ofthe present invention, a method
for driving a liquid crystal display device, where the liquid
crystal display device having a plurality of liquid crystal cells
formed respectively in pixel areas defined by intersections of
n gate lines and m data lines, comprises: sequentially driving
the gate lines; converting the same data into first and second
image signals, the first and second image signals being sym-
metrical about a middle voltage between a lowest voltage and
a highest voltage; supplying the first and second image sig-
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nals to each of the liquid crystal cells, respectively, through
two data lines adjacent respectively to left and right sides
thereof, among the data lines, synchronously with the driving
of a corresponding one of the gate lines; and simultaneously
driving all the liquid crystal cells arranged on each of hori-
zontal lines corresponding respectively to the gate lines using
the first and second image signals supplied to each of the
liquid crystal cells.

[0020] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0022] FIG.11isaschematic view of a liquid crystal display
device according to a first embodiment of the present inven-
tion;

[0023] FIG. 2 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
1

[0024] FIG. 3 is a schematic block diagram of a timing
controller shown in FIG. 1;

[0025] FIG. 4A is a view illustrating data signals supplied
to a data arranger shown in FIG. 3;

[0026] FIG. 4B is a view illustrating data outputted from a
data output unit shown in FIG. 3;

[0027] FIGS. 5A and 5B are views stepwise illustrating a
driving method of the liquid crystal display device according
to the first embodiment of the present invention;

[0028] FIG. 6is a schematic view of a liquid crystal display
device according to a second embodiment of the present
invention;

[0029] FIG. 7 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
6,

[0030] FIGS. 8A and 8B are views stepwise illustrating a
driving method of the liquid crystal display device according
to the second embodiment of the present invention;

[0031] FIG.9is aschematic view of a liquid crystal display
device according to a third embodiment of the present inven-
tion;

[0032] FIG. 10 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
9;

[0033] FIGS.11A and 11B are views stepwise illustrating a
driving method of'the liquid crystal display device according
to the third embodiment of the present invention;

[0034] FIG. 12 is a schematic view of a liquid crystal dis-
play device according to a fourth embodiment of the present
invention;

[0035] FIG. 13 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
12,

[0036] FIGS.14A and 14B are views stepwise illustrating a
driving method of the liquid crystal display device according
to the fourth embodiment of the present invention;
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[0037] FIG. 15 is a schematic view of a liquid crystal dis-
play device according to a fifth embodiment of the present
invention;

[0038] FIG. 16 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
15; and

[0039] FIG. 17 is a view stepwise illustrating a driving
method of the liquid crystal display device according to the
fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts. In
the following description of the present invention, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted when it may make the subject
matter of the invention rather unclear.

[0041] FIG. 1isa schematic view of a liquid crystal display
device according to a first embodiment of the present inven-
tion, and FIG. 2 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
1.

[0042] Referring to FIGS. 1 and 2, the liquid crystal display
device according to the first embodiment of the present inven-
tion comprises an image display panel 2 including a plurality
of liquid crystal cells P formed respectively in pixel areas
defined by m data lines DL1 to DLm and n gate lines GL1 to
GLn and each adapted for driving a liquid crystal based on
image signals supplied to two data lines adjacent respectively
to the left and right sides thereof, among the data lines DL1 to
DLm, a gate driving circuit 4 for driving the gate lines GL1 to
GLn, a data driving circuit 6 for supplying an image signal to
each of the data lines DL1 to DLm, and a timing controller 8
for supplying a data signal to the data driving circuit 6 and
controlling the gate and data driving circuits 4 and 6.

[0043] Each liquid crystal cell P includes a thin film tran-
sistor T connected to any one of the n gate lines GL1 to GLn
and any one of the m data lines DL1 to DLm, and a liquid
crystal capacitor C1 and a storage capacitor C2 each formed
between the thin film transistor T and a data line DL adjacent
thereto, among the data lines DL1 to DLm. Three liquid
crystal cells adjacent along each gate line GL, namely, red,
green and blue liquid crystal cells constitute one unit pixel.
[0044] In detail, each liquid crystal cell P includes a thin
film transistor T including a semiconductor layer overlapping
a corresponding one of the n gate lines GL1 to GLn and
having one side formed to partially overlap a corresponding
one of the odd data lines DL1, DL3, DLS5, . .., DLm-1, and
a drain electrode formed to overlap the other side of the
semiconductor layer, a pixel electrode 14 connected to the
drain electrode via a first contact hole 13, an opposite elec-
trode 16 connected to an adjacent one of the even data lines
DL2,DL4,DL6, .. ., DLm via a second contact hole 18 and
formed to partially overlap the pixel electrode 14, and a
protrusion electrode 15 protruded from the adjacent even data
line DL2, DL4, DL, . . ., or DLm to partially overlap the
pixel electrode 14.

[0045] Thecorresponding odd dataline DL1, DL3, DL5, or
DLm-1 overlapped by the one side of the semiconductor
layer acts as a source electrode of the thin film transistor T.
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[0046] The drain electrode of the thin film transistor T
includes a vertical portion 12a formed to ovetlap the other
side of the semiconductor layer and arranged in parallel with
the corresponding odd data line DL1, DL3, DLS, . .., or
DLm-1 while being spaced apart from the corresponding odd
dataline DL1,DL3,DLS5, ..., or DLm-1 by a predetermined
distance, a first horizontal portion 126 protruded from the
bottom of the vertical portion 12a and arranged in parallel
with the corresponding gate line GL while being spaced apart
from the corresponding gate line GL by a predetermined
distance, and a second horizontal portion 12¢ protruded from
the top of the vertical portion 12a and arranged in parallel
with the first horizontal portion 125. Here, the first horizontal
portion 125 is protruded longer than the second horizontal
portion 12¢ such that it is adjacent to the adjacent even data
line DL2, DL4, DL, .. ., or DLm, and the second horizontal
portion 12¢ is protruded shorter than the first horizontal por-
tion 125 such that it is adjacent to the protrusion electrode 15.
Alternatively, the second horizontal portion 12¢ may not be
formed.

[0047] The pixel electrode 14 is electrically connected to
the drain electrode via the first contact hole 13, which is
formed in a bent portion between the (‘A I &) vertical
portion 12a of the drain electrode and the second horizontal
portion 12c¢ of the drain electrode. The pixel electrode 14
includes a first body overlapping the second horizontal por-
tion 12¢ of the drain electrode and the protrusion electrode 15
via a protection film (not shown), and a plurality of first wings
protruded from the first body by a predetermined distance
from the first body. Here, the plurality of first wings are
arranged in parallel at regular intervals and each have at least
one of a bent shape, curved shape and straight line shape. Any
one of the plurality of first wings may overlap the vertical
portion 124 of the drain electrode.

[0048] The opposite electrode 16 is electrically connected
to the adjacent even data line DL2, DL4, DL, . . ., or DLm
via the second contact hole 18. The opposite electrode 16
includes a second body overlapping the first horizontal por-
tion 125 of the drain electrode via a protection film, and a
plurality of second wings protruded from the second body
toward the first body of the pixel electrode 14. Here, each of
the plurality of second wings has the same shape as that of
each of the plurality of first wings and is disposed between
adjacent ones of the plurality of first wings. Any one of the
plurality of second wings may overlap the adjacent even data
line DL2, DL4, DL, . . ., or DLm.

[0049] Theliquid crystal capacitor C1 is formed by aliquid
crystal layer between the pixel electrode 14 and the opposite
electrode 16.

[0050] The storage capacitor C2 includes a first storage
capacitor formed by an overlap of the first horizontal portion
125 of the drain electrode and the second body of the opposite
electrode 16, and a second storage capacitor formed by an
overlap of the first body of the pixel electrode 14 and the
protrusion electrode 15.

[0051] Theliquid crystal capacitor C1 of each liquid crystal
cell P drives a liquid crystal by forming a horizontal electric
field based on a potential difference between a first image
signal which is supplied from a corresponding one of the odd
datalines DL1, DL3,DLS5, ..., DLm-1 to the pixel electrode
14 and a second image signal which is supplied from a cor-
responding one of the even data lines DL2, DL.4, DL, . . .,
DLm to the opposite electrode 16. At this time, the second
image signal which is supplied from the corresponding even
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data line DL2, DL4, DL6, . . ., or DLm to the opposite
electrode 16 is a reference voltage to drive the corresponding
liquid crystal cell P.

[0052] The storage capacitor C2 of each liquid crystal cell
P stores the potential difference between the first image signal
and the second image signal when the corresponding liquid
crystal cell P is driven, so as to maintain a voltage stored in the
liquid crystal capacitor C1 of the liquid crystal cell P after the
thin film transistor T is turned off.

[0053] Thetiming controller 8 includes, as shown in FIG. 3,
a data arranger 20 for arranging input data signals R, Gand B
and supplying the arranged data signals to the data driving
circuit 6, and a control signal generator 30 for generating gate
and data control signals GCS and DCS using synchronous
signals.

[0054] The control signal generator 30 generates the gate
control signal GCS for supply of a gate pulse to each gate line
GL of the image display panel 2 using at least one of a dot
clock DCLK, a data enable signal DE and vertical and hori-
zontal synchronous signals Vsync and Hsync from the out-
side. Here, the gate control signal GCS includes a gate start
pulse GSP, gate shift clock GSC and gate output enable signal
GOE 1o control a driving timing of the gate driving circuit 4.
[0055] Also, the control signal generator 30 generates the
data control signal DCS for supply of an image signal to each
data line DL of the image display panel 2 using at least one of
the dot clock DCLK, the data enable signal DE and the
vertical and horizontal synchronous signals Vsync and Hsync
from the outside. Here, the data control signal DCS includes
a source output enable signal SOE, source shift clock SSC,
source start pulse SSP and polarity control signal POL to
control a driving timing of the data driving circuit 6.

[0056] The dataarranger 20 includes a data storage unit 22,
double data generator 24, and data output unit 26.

[0057] The data storage unit 22 stores data R11, G11, B11,
..., Rni, Gni and Bni of one horizontal line inputted over
three data bus lines DB1, DB2 and DB3, as shown in FIG. 4A.
Here, i is a natural number which is m/2.

[0058] The double data generator 24 doubles each of the
dataR11,G11,B11,. .., Rui, Gni and Bni supplied from the
data storage unit 22 into two data of the original gray scale
and supplies the two data to the data output unit 26. For
example, in order to supply the first and second image signals
to the first red liquid crystal cell of the first horizontal line, the
double data generator 24 doubly outputs one first red data R11
to the data output unit 26, or copies it to generate two red data
R11 and R11 and supplies the generated two red dataR11 and
R11 to the data output unit 26. For the double output, the
double data generator 24 outputs the first red data R11 to the
data output unit 26 twice using two different clock signals.
[0059] The data output unit 26 arranges the data supplied
from the double data generator 24 suitably to an array struc-
ture of the liquid crystal cells in the image display panel 2
using the dot clock DCLK or a clock internally generated by
the timing controller 8 such that the supplied data corre-
sponds to the number of data bus lines between the timing
controller 8 and the data driving circuit 6, and supplies the
arranged data to the data driving circuit 6.

[0060] In detail, the data output unit 26 outputs data to be
supplied to each liquid crystal cell to both two data bus lines.
At this time, the data outputted to any one of the two data bus
lines is data for generation of the first image signal, and the
data outputted to the other data bus line is data for generation
of the second image signal. For example, in the first liquid
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crystal cell of the red color connected to the first and second
data lines and the first gate line, the data output unit 26 outputs
the red data R11 to be supplied to the first liquid crystal cell of
the red color to both first and second data bus lines. Conse-
quently, the data output unit 26 arranges data Data as shown
in FIG. 4B such that the data Data corresponds to arranged
positions of the liquid crystal cells P, and outputs the arranged
data Data to six data bus lines DB1 to DB6.

[0061] InFIG. 1, the gate driving circuit 4 generates a gate
pulse in response to the gate control signal GCS supplied
from the timing controller 8 and supplies the generated gate
pulse sequentially to the gate lines GL. As a result, the gate
lines GL of the image display panel 2 are sequentially driven
by the gate pulse from the gate driving circuit 4. On the other
hand, the gate driving circuit 4 may be formed on a substrate
on which the image display panel 2 is formed and be con-
nected to the gate lines GL, at the same time that a manufac-
turing process of the thin film transistor is performed.
[0062] This gate driving circuit 4 is disposed at one side of
the image display panel 2 and connected to one ends of the
gate lines GL, as shown in FIG. 1.

[0063] The data driving circuit 6 samples data Data of one
horizontal line, supplied from the timing controller 8 over the
data bus lines as shown in FIG. 4B, using the data control
signal DCS supplied from the timing controller 8, converts
the sampled data into positive image signals or negative
image signals using a plurality of gamma voltages and the
polarity control signal and supplies the converted positive or
negative image signals to the data lines.

[0064] Here, the plurality of gamma voltages include a
plurality of positive (+) gamma voltages and a plurality of
negative (-) gamma voltages which are symmetrical about a
middle voltage between a lowest voltage and a highest volt-
age. For example, in the case where the lowest voltage is 0V
and the highest voltage is 8V, the plurality of positive (+)
gamma voltages have different voltage levels within the range
of more than 4V which is the middle voltage, but not more
than 8V, and the plurality of negative (-) gamma voltages
have different voltage levels within the range from OV to less
than 4V. Here, 0V may be a negative white voltage and 8V
may be a positive white voltage. As a result, sampled data is
converted into a positive first image signal or negative first
image signal or converted into a positive second image signal
or negative second image signal.

[0065] Because the first and second image signals which
are supplied to each liquid crystal cell P are symmetrical
about the middle voltage as stated above, the liquid crystal of
each liquid crystal cell P can be driven with a high voltage.
For example, for display of a positive white image on a liquid
crystal cell, conventionally, a common voltage of 4V is sup-
plied to an opposite electrode through a common voltage
supply line and a positive data voltage of 8V is applied to a
pixel electrode through a data line, so that the positive white
image is displayed using a potential difference of 4V. In
contrast, in the present invention, a positive first image signal
of 8V is supplied to a pixel electrode through a first data line
and a negative second image signal of OV is supplied to an
opposite electrode through a second data line, so that the
positive white image is displayed using a potential difference
of 8V. Consequently, according to the present invention, the
positive white image is displayed using the potential differ-
ence of 8V, thereby making it possible to drive the liquid
crystal with a high voltage compared with a conventional one,
so as to increase a response speed of the liquid crystal. In

Jun. 25, 2009

addition, in the case where the liquid crystal driving voltage
of the present invention is made to be equal to a conventional
one, the present invention can reduce power consumption.
[0066] FIGS.5A and 5B are views stepwise illustrating the
polarities of image signals supplied to the image display
panel and the polarities of the liquid crystal cells of the image
display panel, in a driving method of the liquid crystal display
device according to the first embodiment of the present inven-
tion. FIGS. 5A and 5B show only liquid crystal cells to which
image signals are supplied.

[0067] First, the gate pulse is supplied to the first gate line
GL1 by the gate driving circuit 4. In synchronization with
this, the data driving circuit 6 supplies first image signals
R11+, G11-, B11+4, . . ., Bli- respectively to the odd data
lines DL1, DL3, DL5, .. ., DLm-1 and supplies second
image signals R11-, G11+, B11-, . . ., B1i+ respectively to
the even data lines D12, DL4, DL, . . ., DLm, as shown in
FIG. 5A. At this time, assuming that the two data lines adja-
cent respectively to the left and right sides of each liquid
crystal cell constitute one data line group, the polarities of the
image signals are inverted for every data line group. That is,
the positive (+) first image signals R11+, B11+, ..., Gli+are
supplied respectively to the odd data lines DL1, DL5, DL9, .
.., DLm-3 connected respectively to odd ones of the liquid
crystal cells P of the first horizontal line and, at the same time,
the negative (=) second image signals R11-, B11-, ..., G1i-
are supplied respectively to the even data lines DL2, DL6,
DL10, . . ., DLm-2 connected respectively to the odd liquid
crystal cells. Also, the negative (-) first image signals G11-,
..., Rli- and B1i- are supplied respectively to the odd data
lines DL3, DL7, DL11, . . ., DLm-~1 connected respectively
to even ones of the liquid crystal cells P of the first horizontal
line and, at the same time, the positive (+) second image
signals G114, . .., R1i+ and B1i+ are supplied respectively to
the even data lines DL4, DL8, DL12, .. ., DLm connected
respectively to the even liquid crystal cells.

[0068] As aresult, each odd one of the liquid crystal cells P
of the first horizontal line displays an image by driving the
liquid crystal with a positive electric field based on a potential
difference of the positive first image signal supplied to the
pixel electrode 14 from the negative second image signal
supplied to the opposite electrode 16. Hereinafter, the image
displayed by the positive electric field will be referred to as a
“positive image”. For example, in the case where a positive
first image signal of 8V is supplied to the first data line DL1
and, at the same time, a negative second image signal of OV is
supplied to the second data line DL2, the first liquid crystal
cell forms a positive electric field to display a positive image
(+), because the data voltage of 8V is higher than the refer-
ence voltage of OV.

[0069] Also, each even one of the liquid crystal cells P of
the first horizontal line displays an image by driving the liquid
crystal with a negative electric field based on a potential
difference of the negative first image signal supplied to the
pixel electrode 14 from the positive second image signal
supplied to the opposite electrode 16. Hereinafter, the image
displayed by the negative electric field will be referred to as a
“negative image”. For example, in the case where a negative
first image signal of OV is supplied to the third data line DL3
and, at the same time, a positive second image signal of 8V is
supplied to the fourth data line DL4, the second liquid crystal
cell forms a negative electric field to display a negative image
(-), because the data voltage of OV is lower than the reference
voltage of 8v.
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[0070] Consequently, the polarities of images which are
displayed on the liquid crystal cells P of the first horizontal
line are inverted for every liquid crystal cell.

[0071] Thereafter, the gate pulse is supplied to the second
gate line GL.2 by the gate driving circuit 4. In synchronization
with this, the data driving circuit 6 supplies first image signals
R21-, G21+, B21-, . . . , B21+ respectively to the odd data
lines DL1, DL3, DLS, . . ., DLm-1 and supplies second
image signals R21+, G21-, B21+, . . . , B2i- respectively to
the even data lines D12, DL4, DL6, . .., DLm, as shown in
FIG. 5B. At this time, the negative (=) first image signals
R21-,B21-, . .., G2i- are supplied respectively to the odd
data lines DL1, DL5, DL9, . . ., DLm-3 connected respec-
tively to odd ones of the liquid crystal cells P of the second
horizontal line and, at the same time, the positive (+) second
image signals R21+, B21+, . . ., G2i+ are supplied respec-
tively to the even data lines DL2, DL6, DL10, . . . , DLm-2
connected respectively to the odd liquid crystal cells. Also,
the positive (+) first image signals G21+, . . ., R2i+ and B2i+
are supplied respectively to the odd data lines DL3, DL7,
DL11, ...,DLm-1 connected respectively to even ones of the
liquid crystal cells P of the second horizontal line and, at the
same time, the negative (-) second image signals G21-, . . .,
R2i- and B2i- are supplied respectively to the even data lines
DL4, DL8, DL12, . . ., DLm connected respectively to the
even liquid crystal cells.

[0072] As aresult, each odd one of the liquid crystal cells P
of the second horizontal line displays a negative image by
driving the liquid crystal with a negative electric field based
on a potential difference of the negative first image signal
supplied to the pixel electrode 14 from the positive second
image signal supplied to the opposite electrode 16.

[0073] Also, each even one of the liquid crystal cells P of
the second horizontal line displays a positive image by driv-
ing the liquid crystal with a positive electric field based on a
potential difference of the positive first image signal supplied
to the pixel electrode 14 from the negative second image
signal supplied to the opposite electrode 16.

[0074] Consequently, the polarities of images which are
displayed on the liquid crystal cells P of the second horizontal
line are inverted for every liquid crystal cell and become
inverted ones of the polarities of images which are displayed
on the liquid crystal cells P of the first horizontal line.

[0075] The liquid crystal cells of the remaining third to nth
horizontal lines corresponding respectively to the third to nth
gate lines GL3 to GLn display images in the same manner as
those of the first and second horizontal lines described above.
Therefore, displayed on the image display panel is an image
having a polarity pattern of a 1-dot inversion scheme where
image signals are inverted in polarity on a liquid crystal cell
basis.

[0076] On the other hand, although the polarity pattern of
the image displayed on the image display panel has been
described to be based on the 1-dot inversion scheme, the
present invention is not limited thereto. For example, the
polarity pattern of the displayed image may be set based on
the polarity control signal of the data control signal.

[0077] As described above, in the liquid crystal display
device and the driving method thereof according to the first
embodiment of the present invention, first and second image
signals having voltage levels symmetrical about a middle
voltage are supplied to each liquid crystal cell through two
data lines adjacent respectively to the left and right sides
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thereof to drive a liquid crystal. Therefore, it is possible to
display an image with only a data voltage without using a
common voltage.

[0078] FIG. 6 is a schematic view of a liquid crystal display
device according to a second embodiment of the present
invention, and FIG. 7 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
6.

[0079] Referring to FIGS. 6 and 7, the liquid crystal display
device according to the second embodiment of the present
invention is the same in configuration as the above-described
liquid crystal display device according to the first embodi-
ment of the present invention, with the exception of a con-
nection structure of each liquid crystal cell formed in an
image display panel 102. Therefore, a description of the con-
figuration of the liquid crystal display device according to the
second embodiment of the present invention, except the con-
nection structure of each liquid crystal cell, will be replaced
by the above description of the first embodiment of the
present invention.

[0080] The thin film transistors T of the liquid crystal cells
P of each horizontal line are connected to the same gate line
GL, and the thin film transistors T of the liquid crystal cells P
of each vertical line are alternately arranged between two
horizontally adjacent data lines.

[0081] In detail, each of the thin film transistors T of the
liquid crystal cells P of the odd horizontal lines is connected
to a corresponding one of the odd gate lines GL1, GL3, GL5,
..., GLn-1 and a corresponding one of the odd data lines
DL1,DL3,DL5, ..., DLm-1. These liquid crystal cells P of
the odd horizontal lines have the same connection structures
as those of the above-described liquid crystal cells of the first
embodiment of the present invention.

[0082] Each of the thin film transistors T of the liquid
crystal cells P of the even horizontal lines is connected to a
corresponding one of the even gate lines GL2, GL4, GL6,
GLn and a corresponding one of the even data lines DL2,
DL4,DLS, ..., DLm. Each of the liquid crystal cells P of the
even horizontal lines drives a liquid crystal by forming an
electric field based on a potential difference ofa second image
signal which is supplied from a corresponding one of the even
datalines DL2,DL4, DL, ..., DLm to the pixel electrode 14
from a firstimage signal which is supplied from a correspond-
ing one of the odd data lines DL.1, DL3, DL5, DLm-1.
[0083] FIGS. 8A and 8B are views stepwise illustrating the
polarities of image signals supplied to the image display
panel and the polarities of the liquid crystal cells of the image
display panel, in a driving method of the liquid crystal display
device according to the second embodiment of the present
invention. FIGS. 8A and 8B show only liquid crystal cells to
which image signals are supplied.

[0084] First, the gate pulse is supplied to the first gate line
GL1 by the gate driving circuit 4. In synchronization with
this, the data driving circuit 6 supplies first image signals
R11+, G11-, B11+4, . . ., Bli- respectively to the odd data
lines DL1, DL3, DL5, .. ., DLm-1 and supplies second
image signals R11-, G11+, B11-, . . ., B1i+ respectively to
the even data lines D12, DL4, DL, . . ., DLm, as shown in
FIG. 8A. As a result, each of the liquid crystal cells P of the
first horizontal line displays an image which is inverted in
polarity for every liquid crystal cell P, by driving the liquid
crystal with an electric field based on a potential difference of
the first image signal supplied to the pixel electrode 14 from
the second image signal supplied to the opposite electrode 16.
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[0085] Thereafter, the gate pulse is supplied to the second
gate line GL2 by the gate driving circuit 4. In synchronization
with this, the data driving circuit 6 supplies first image signals
R21+, G21-, B21+4, . . ., B2i- respectively to the odd data
lines DL1, DL3, DL5, . . ., DLm-1 and supplies second
image signals R21-, G21+, B21-, . . ., B2i+ respectively to
the even data lines DL2, DL4, DL, . . ., DLm, as shown in
FIG. 8B. Atthis time, the polarity of the image signal supplied
to each data line DL is the same as that of the image signal
supplied to each liquid crystal cell of the first horizontal line.
As a result, each of the liquid crystal cells P of the second
horizontal line displays an image which is inverted in polarity
for every liquid crystal cell P, by driving the liquid crystal with
an electric field based on a potential difference of the second
image signal supplied to the pixel electrode 14 from the first
image signal supplied to the opposite electrode 16.

[0086] The liquid crystal cells of the remaining third to nth
horizontal lines corresponding respectively to the third to nth
gate lines GL3 to GLn display images in the same manner as
those of the first and second horizontal lines described above.
Therefore, displayed on the image display panel is an image
having a polarity pattern of a 1-dot inversion scheme where
image signals are inverted in polarity on a liquid crystal cell
basis.

[0087] On the other hand, although the polarity pattern of
the image displayed on the image display panel has been
described to be based on the 1-dot inversion scheme, the
present invention is not limited thereto. For example, the
polarity pattern of the displayed image may be set based on
the polarity control signal of the data control signal.

[0088] As described above, the liquid crystal display device
and the driving method thereof according to the second
embodiment of the present invention provide the same effects
as those of the first embodiment of the present invention,
stated previously. Also, in the second embodiment of the
present invention, the thin film transistors T of the liquid
crystal cells P are alternately arranged in the data line direc-
tion. Therefore, for display of an image having a polarity
pattern based on the 1-dot inversion scheme on the image
display panel 102, the polarities of image signals outputted
from the data driving circuit 6 are inverted for every pair of
data lines and for every at least one frame, thereby reducing
power consumption of the data driving circuit 6. Of course,
the power consumption of the data driving circuit 6 according
to the second embodiment of the present invention can be
reduced similarly in other inversion schemes, as well as in the
1-dot inversion scheme.

[0089] FIG.9is aschematic view of a liquid crystal display
device according to a third embodiment of the present inven-
tion, and FIG. 10 is a plan view showing a layout of liquid
crystal cells formed in an image display panel shown in FIG.
9.

[0090] Referring to FIGS. 9 and 10, the liquid crystal dis-
play device according to the third embodiment of the present
invention is the same in configuration as the above-described
liquid crystal display device according to the first embodi-
ment of the present invention, with the exception of a con-
nection structure of each liquid crystal cell formed in an
image display panel 202. Therefore, a description of the con-
figuration of the liquid crystal display device according to the
third embodiment of the present invention, except the con-
nection structure of each liquid crystal cell, will be replaced
by the above description of the first embodiment of the
present invention.
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[0091] Each horizontal line of the image display panel 202
includes odd liquid crystal cells (referred to hereinafter as a
“first liquid crystal cell group™) P1, each for driving a liquid
crystal based on a gate pulse from a corresponding one of the
gate lines GL1 to GLn, a first image signal from a (4j=3)th
(where j is a natural number which is m/4) one DL1, DLS5, . .
., or DLm-3 of the data lines DL1 to DLm and a second
image signal from a (4j-2)th one DL2, DL, . . . ,or DLm-2
of the data lines DL1 to DLm, and even liquid crystal cells
(referred to hereinafter as a “second liquid crystal cell group™)
P2, each for driving a liquid crystal based on the gate pulse
from the corresponding one of the gate lines GL1 to GLn, a
first image signal from a (4j-1)th one DL3, DL7, . . ., or
DLm-1 of the data lines DL1 to DLm and a second image
signal from a (4j)th one DL4, DL8, . . ., or DLm of the data
lines DL1 to DLm.

[0092] Each of the liquid crystal cells P1 of the first liquid
crystal cell group includes a thin film transistor T connected
to the corresponding one of the gate lines GL1 to GLn and to
the (45-3)th data line DL1, DL5, . .., or DLm-3, and a liquid
crystal capacitor C1 and a storage capacitor C2 each con-
nected between the thin film transistor T and the (4j-2)th data
line DL2, DL, . . ., or DLm-2. Here, the thin film transistor
T, liquid crystal capacitor C1 and storage capacitor C2 are
configured as shown in FIG. 10 and have the same structures
as those of the first embodiment of the present invention,
stated previously, and a description thereof will thus be
replaced by the above description of the first embodiment of
the present invention. Each of the liquid crystal cells P1 of the
first liquid crystal cell group, configured in this manner,
drives the liquid crystal by forming a horizontal electric field
based on a potential difference of the first image signal sup-
plied from the (4j-3)th data line DL.1, DL5, . . ., or DLm-3
from the second image signal supplied from the (4j—2)th data
line DL2, DL, . .., or DLm-2 as a reference voltage.
[0093] Each of the liquid crystal cells P2 of the second
liquid crystal cell group includes a thin film transistor T
connected to the corresponding one of the gate lines GL1 to
GLn and to the (4))th data line DL4, DL8, . . ., or DLm, and
a liquid crystal capacitor C1 and a storage capacitor C2 each
connected between the thin film transistor T and the (4j-1)th
data line DL3, DL7, . . ., or DLm-1. Here, the thin film
transistor T, liquid crystal capacitor C1 and storage capacitor
C2 are configured as shown in FIG. 10 and have the same
structures as those of the first embodiment of the present
invention, stated previously, and a description thereof will
thus be replaced by the above description of the first embodi-
ment of the present invention. Each of the liquid crystal cells
P2 of the second liquid crystal cell group, configured in this
manner, drives the liquid crystal by forming a horizontal
electric field based on a potential difference of the second
image signal supplied from the (4j)th data line DL4, DLS, . .
., or DLm from the first image signal supplied from the
(4j-1)th data line DL3, DL7, . . ., or DLm-~1 as a reference
voltage.

[0094] FIGS. 11A and 11B are views stepwise illustrating
the polarities of image signals supplied to the image display
panel 202 and the polarities of the liquid crystal cells of the
image display panel 202, in a driving method of the liquid
crystal display device according to the third embodiment of
the present invention. FIGS. 11A and 11B show only liquid
crystal cells to which image signals are supplied.

[0095] First, the gate pulse is supplied to the first gate line
GL1 by the gate driving circuit 4. In synchronization with
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this, the data driving circuit 6 supplies positive (+) first image
signals respectively to the odd data lines DL.1, DL3, DLS5, ..
., DLm-1 and supplies negative (-) second image signals
respectively to the even datalines DL.2, DL4, DL6, . .., DLm,
as shown in FIG. 11A. As a result, each of the liquid crystal
cells P1 of the first liquid crystal cell group of the first hori-
zontal line displays a positive image (+) by driving the liquid
crystal with an electric field based on a potential difference of
the positive first image signal supplied to the pixel electrode
14 from the negative second image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P2
of the second liquid crystal cell group of the first horizontal
line displays a negative image (-) by driving the liquid crystal
with an electric field based on a potential difference of the
negative second image signal supplied to the pixel electrode
14 from the positive first image signal supplied to the opposite
electrode 16.

[0096] Thereafter, the gate pulse is supplied to the second
gate line GL.2 by the gate driving circuit 4. In synchronization
with this, the data driving circuit 6 supplies negative-first
image signals respectively to the odd data lines DL1, DL3,
DLS5, ..., DLm-1 and supplies positive second image signals
respectively to the even datalines DL.2, DL4, DL6, . .., DLm,
as shown in FIG. 11B. At this time, the polarity of the image
signal supplied to each data line DL is opposite to that of the
image signal supplied to each liquid crystal cell of the first
horizontal line. As a result, each of the liquid crystal cells P1
of the first liquid crystal cell group of the second horizontal
line displays a negative image (-) by driving the liquid crystal
with an electric field based on a potential difference of the
negative (-) first image signal supplied to the pixel electrode
14 from the positive (+) second image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P2
ofthe second liquid crystal cell group of the second horizontal
line displays a positive image (+) by driving the liquid crystal
with an electric field based on a potential difference of the
positive (+) second image signal supplied to the pixel elec-
trode 14 from the negative (-) first image signal supplied to
the opposite electrode 16.

[0097] Theliquid crystal cells of the remaining third to nth
horizontal lines corresponding respectively to the third to nth
gate lines GL3 to GLn display images in the same manner as
those of the first and second horizontal lines described above.
Therefore, displayed on the image display panel is an image
having a polarity pattern of a 1-dot inversion scheme where
image signals are inverted in polarity on a liquid crystal cell
basis.

[0098] On the other hand, although the polarity pattern of
the image displayed on the image display panel has been
described to be based on the 1-dot inversion scheme, the
present invention is not limited thereto. For example, the
polarity pattern of the displayed image may be set based on
the polarity control signal of the data control signal.

[0099] As described above, the liquid crystal display device
and the driving method thereof according to the third embodi-
ment of the present invention provide the same effects as
those of the first embodiment of the present invention, stated
previously.

[0100] FIG. 12 is a schematic view of a liquid crystal dis-
play device according to a fourth embodiment of the present
invention, and FIG. 13 is a plan view showing a layout of
liquid crystal cells formed in an image display panel shown in
FIG. 12.
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[0101] Referring to FIGS. 12 and 13, the liquid crystal
display device according to the fourth embodiment of the
present invention is the same in configuration as the above-
described liquid crystal display device according to the third
embodiment of the present invention, with the exception ofa
connection structure of each liquid crystal cell formed in an
image display panel 302. Therefore, a description of the con-
figuration of the liquid crystal display device according to the
fourth embodiment of the present invention, except the con-
nection structure of each liquid crystal cell, will be replaced
by the above description of the first and third embodiments of
the present invention.

[0102] Each of the liquid crystal cells P1 of the first liquid
crystal cell group includes a thin film transistor T connected
to the corresponding one of the gate lines GL1 to GLn and to
the (45-2)th data line DL2, DL, . .., or DLm-2, and a liquid
crystal capacitor C1 and a storage capacitor C2 each con-
nected between the thin film transistor T and the (4j-3)th data
line DL1, DLS, . . ., or DLm-3. Here, the thin film transistor
T, liquid crystal capacitor C1 and storage capacitor C2 are
configured as shown in FIG. 13 and have the same structures
as those of the first embodiment of the present invention,
stated previously, and a description thereof will thus be
replaced by the above description of the first embodiment of
the present invention. Each of the liquid crystal cells P1 of the
first liquid crystal cell group, configured in this manner,
drives the liquid crystal by forming a horizontal electric field
based on a potential difference of the second image signal
supplied from the (4j-2)th data line DL2, DL6, . . ., or
DLm-2 from the first image signal supplied from the (4j-3)th
data line DL1, DLS, . . . , or DLm-3 as a reference voltage.
[0103] Each of the liquid crystal cells P2 of the second
liquid crystal cell group includes a thin film transistor T
connected to the corresponding one of the gate lines GL1 to
GLn and to the (4j-1)th data line DL.3, DL7, .. ., or DLm-1,
and a liquid crystal capacitor C1 and a storage capacitor C2
each connected between the thin film transistor T and the (4))
th data line DI4, DL8, . . ., or DLm. Here, the thin film
transistor T, liquid crystal capacitor C1 and storage capacitor
C2 are configured as shown in FIG. 13 and have the same
structures as those of the first embodiment of the present
invention, stated previously, and a description thereof will
thus be replaced by the above description of the first embodi-
ment of the present invention. Each of the liquid crystal cells
P2 of the second liquid crystal cell group, configured in this
manner, drives the liquid crystal by forming a horizontal
electric field based on a potential difference of the first image
signal supplied from the (4j-1)th data line DL3, DL7, .. ., or
DLm-1 from the second image signal supplied from the
(4))th data line DI.4,DLS, ..., orDLm as a reference voltage.
[0104] FIGS. 14A and 14B are views stepwise illustrating
the polarities of image signals supplied to the image display
panel and the polarities of the liquid crystal cells of the image
display panel, in a driving method of the liquid crystal display
device according to the fourth embodiment of the present
invention. FIGS. 14A and 14B show only liquid crystal cells
to which image signals are supplied.

[0105] First, the gate pulse is supplied to the first gate line
GL1 by the gate driving circuit 4. In synchronization with
this, the data driving circuit 6 supplies negative (<) first image
signals respectively to the odd data lines DL.1, DL3, DL, . .
., DLm-1 and supplies positive (+) second image signals
respectively to the even datalines DL.2, DL4, DL6, . .., DLm,
as shown in FIG. 14A. As a result, each of the liquid crystal
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cells P1 of the first liquid crystal cell group of the first hori-
zontal line displays a positive image (+) by driving the liquid
crystal with an electric field based on a potential difference of
the positive second image signal supplied to the pixel elec-
trode 14 from the negative first image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P2
of the second liquid crystal cell group of the first horizontal
line displays a negative image (-) by driving the liquid crystal
with an electric field based on a potential difference of the
negative first image signal supplied to the pixel electrode 14
from the positive second image signal supplied to the oppo-
site electrode 16.

[0106] Thereafter, the gate pulse is supplied to the second
gate line GL.2 by the gate driving circuit 4. In synchronization
with this, the data driving circuit 6 supplies positive (+) first
image signals respectively to the odd data lines DL1, DL3,
DLS5, . .., DLm-1 and supplies negative (-) second image
signals respectively to the even data lines D12, DL4, DL, ..
., DLm, as shown in F1G. 14B. At this time, the polarity of the
image signal supplied to each data line DL is opposite to that
of the image signal supplied to each liquid crystal cell of the
first horizontal line. As a result, each of the liquid crystal cells
P1 ofthe first liquid crystal cell group of the second horizontal
line displays a negative image (-) by driving the liquid crystal
with an electric field based on a potential difference of the
negative (-) second image signal supplied to the pixel elec-
trode 14 from the positive (+) first image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P2
of the second liquid crystal cell group of the second horizontal
line displays a positive image (+) by driving the liquid crystal
with an electric field based on a potential difference of the
positive (+) first image signal supplied to the pixel electrode
14 from the negative (-) second image signal supplied to the
opposite electrode 16.

[0107] Theliquid crystal cells of the remaining third to nth
horizontal lines corresponding respectively to the third to nth
gate lines GL3 to GLn display images in the same manner as
those of the first and second horizontal lines described above.
Therefore, displayed on the image display panel is an image
having a polarity pattern of a 1-dot inversion scheme where
image signals are inverted in polarity on a liquid crystal cell
basis.

[0108] On the other hand, although the polarity pattern of
the image displayed on the image display panel has been
described to be based on the 1-dot inversion scheme, the
present invention is not limited thereto. For example, the
polarity pattern of the displayed image may be set based on
the polarity control signal of the data control signal.

[0109] As described above, the liquid crystal display device
and the driving method thereof according to the fourth
embodiment of the present invention provide the same effects
as those of the first embodiment of the present invention,
stated previously.

[0110] FIG. 15 is a schematic view of a liquid crystal dis-
play device according to a fifth embodiment of the present
invention, and FIG. 16 is a plan view showing a layout of
liquid crystal cells formed in an image display panel shown in
FIG. 15.

[0111] Referring to FIGS. 15 and 16, the liquid crystal
display device according to the fifth embodiment of the
present invention is the same in configuration as the above-
described liquid crystal display device according to the first
embodiment of the present invention, with the exception of a
connection structure of each liquid crystal cell formed in an
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image display panel 402. Therefore, a description of the con-
figuration of the liquid crystal display device according to the
fifth embodiment of the present invention, except the connec-
tion structure of each liquid crystal cell, will be replaced by
the above description of the first embodiment of the present
invention.

[0112] The image display panel 402 includes odd horizon-
tal lines including odd liquid crystal cells (referred to herein-
after as a “first liquid crystal cell group™) P1, each for driving
a liquid crystal based on a gate pulse from a corresponding
one of the odd gate lines GL1, GL3,. .., GLn-1, a first image
signal from a (4j-3)th (where j is a natural number which is
m/4) one DL1, DLS, . .., or DLm-3 of the data lines DL1 to
DLm and a second image signal from a (4j-2)th one DL2,
DL, ..., or DLm-2 of the data lines DL1 to DLm, and even
liquid crystal cells (referred to hereinafter as a “second liquid
crystal cell group”) P2, each for driving a liquid crystal based
on a gate pulse from a corresponding one of the odd gate lines
GL1,GL3.. .., GLn-1, a first image signal from a (4j-1)th
one DL3,DL7, ..., or DLm~1 of the data lines DL1 to DLm
and a second image signal from a (4j)th one DL4, DLS, .. .,
or DLm of the data lines DLL1 to DLm, and even horizontal
lines including odd liquid crystal cells (referred to hereinafter
as a “third liquid crystal cell group™) P3, each for driving a
liquid crystal based on a gate pulse from a corresponding one
of the even gate lines GL.2, G4, . . ., GLn, the first image
signal from the (4j-3)th data line DL1, DLS, . .. ,or DLm-3
and the second image signal from the (4j-2)th datalines DL2,
DL6,...,or DLm-2, and even liquid crystal cells (referred to
hereinafteras a “fourth liquid crystal cell group™) P4, each for
driving a liquid crystal based on a gate pulse from a corre-
sponding one of the even gate lines GL.2, GL4, . .., GLn, the
first image signal from the (4j-1)th data line DL3, DL7, .. .,
or DLm-1 and the second image signal from the (4;)th data
line DL4, DLS, . .. ., or DLm.

[0113] Each of the liquid crystal cells P1 of the first liquid
crystal cell group includes a thin film transistor T connected
to the corresponding one of the odd gate lines GL1, GL3, . ..
, GLn-1 and to the (4j-3)th data line DL1, DL5, or DLm-3,
and a liquid crystal capacitor C1 and a storage capacitor C2
each connected between the thin film transistor T and the
(4j-2)th data line DL2, DL, . . ., or DLm-2. Here, the thin
film transistor T, liquid crystal capacitor C1 and storage
capacitor C2 are configured as shown in FIG. 16 and have the
same structures as those of the first embodiment of the present
invention, stated previously, and a description thereof will
thus be replaced by the above description of the first embodi-
ment of the present invention. Each of the liquid crystal cells
P1 of the first liquid crystal cell group, configured in this
manner, drives the liquid crystal by forming a horizontal
electric field based on a potential difference of the first image
signal supplied from the (4j-3)th data line DL1, DL5, .. . or
DLm-3 from the second image signal supplied from the
(4j-2)th data line DL2, DL, . . . , or DLm-2 as a reference
voltage.

[0114] Each of the liquid crystal cells P2 of the second
liquid crystal cell group includes a thin film transistor T
connected to the corresponding one of the odd gate lines GL1,
GL3, ..., GLn-1 and to the (4j)th data line DL4, DLS, .. .,
or DLm, and a liquid crystal capacitor C1 and a storage
capacitor C2 each connected between the thin film transistor
T and the (4j-1)th dataline DL3,DL7, .. ., or DLm-1. Here,
the thin film transistor T, liquid crystal capacitor C1 and
storage capacitor C2 are configured as shown in FIG. 16 and
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have the same structures as those of the first embodiment of
the present invention, stated previously, and a description
thereof will thus be replaced by the above description of the
first embodiment of the present invention. Each of the liquid
crystal cells P2 of the second liquid crystal cell group, con-
figured in this manner, drives the liquid crystal by forming a
horizontal electric field based on a potential difference of the
second image signal supplied from the (4j)th data line DL4,
DLS8, ..., or DLm from the first image signal supplied from
the (4j-1)th datalineDL3,DL7, ..., or DLm-1 as areference
voltage.

[0115] Each of the liquid crystal cells P3 of the third liquid
crystal cell group includes a thin film transistor T connected
to the corresponding one of the even gate lines GL2, GL4, ..
., GLn and to the (4j-2)th data line DL2, DL, . . ., or
DLm-2, and a liquid crystal capacitor C1 and a storage
capacitor C2 each connected between the thin film transistor
T and the (4j-3)th dataline DL1, DL, .. ., or DLm-3. Here,
the thin film transistor T, liquid crystal capacitor C1 and
storage capacitor C2 are configured as shown in FIG. 16 and
have the same structures as those of the first embodiment of
the present invention, stated previously, and a description
thereof will thus be replaced by the above description of the
first embodiment of the present invention. Each of the liquid
crystal cells P3 of the third liquid crystal cell group, config-
ured in this manner, drives the liquid crystal by forming a
horizontal electric field based on a potential difference of the
second image signal supplied from the (4j-2)th data line
DL2, DL6, . . ., or DLm-2 from the first image signal
supplied from the (4j-3)th data line DL1, DLS, . . ., or
DLm-3 as a reference voltage.

[0116] Each oftheliquid crystal cells P4 of the fourth liquid
crystal cell group includes a thin film transistor T connected
to the corresponding one of the even gate lines GL2, GL4, ..
., GLn and to the (4j-1)th data line DL3, DL7, . . ., or
DLm-1, and a liquid crystal capacitor C1 and a storage
capacitor C2 each connected between the thin film transistor
T and the (4j)th data line DL4, DLS, . . ., or DLm. Here, the
thin film transistor T, liquid crystal capacitor C1 and storage
capacitor C2 are configured as shown in FIG. 16 and have the
same structures as those of the first embodiment of the present
invention, stated previously, and a description thereof will
thus be replaced by the above description of the first embodi-
ment of the present invention. Each of the liquid crystal cells
P4 of the fourth liquid crystal cell group, configured in this
manner, drives the liquid crystal by forming a horizontal
electric field based on a potential difference of the first image
signal supplied from the (4j-1)th dataline DL3. DL7, ..., or
DLm-1 from the second image signal supplied from the
(4)thdatalineDI4, DLS8, ... ,or DLm as a reference voltage.

[0117] FIG. 17 is a view illustrating the polarities of image
signals supplied to the image display panel and the polarities
of the liquid crystal cells of the image display panel, in a
driving method of the liquid crystal display device according
to the fifth embodiment of the present invention.

[0118] First, the gate driving circuit 4 supplies the gate
pulse sequentially to the gate lines GL1 to GLn.

[0119] In synchronization with the gate pulse supplied to
each of the gate lines GL1 to GLn, the data driving circuit 6
supplies positive (+) first image signals respectively to the
odd data lines DL1, DL3, DL5, . . ., DLm-1 and supplies
negative () second image signals respectively to the even
data lines DL.2, DL4, DL, . .., DLm.
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[0120] As aresult, each of the liquid crystal cells P1 of the
first liquid crystal cell group formed on the odd horizontal
lines displays a positive image (+) by driving the liquid crystal
with an electric field based on a potential difference of the
positive (+) first image signal supplied to the pixel electrode
14 from the negative (-) second image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P2
of the second liquid crystal cell group displays a negative
image (=) by driving the liquid crystal with an electric field
based on a potential difference of the negative (-) second
image signal supplied to the pixel electrode 14 from the
positive (+) first image signal supplied to the opposite elec-
trode 16. Consequently, an image which is inverted in polarity
for every liquid crystal cell is displayed on the odd horizontal
lines.

[0121] Also, each of the liquid crystal cells P3 of the third
liquid crystal cell group formed on the even horizontal lines
displays a negative image (-) by driving the liquid crystal
with an electric field based on a potential difference of the
negative (=) second image signal supplied to the pixel elec-
trode 14 from the positive (+) first image signal supplied to the
opposite electrode 16. Also, each of the liquid crystal cells P4
of the fourth liquid crystal cell group displays a positive
image (+) by driving the liquid crystal with an electric field
based on a potential difference of the positive (+) first image
signal supplied to the pixel electrode 14 from the negative (-)
second image signal supplied to the opposite electrode 16. As
aresult, an image which is inverted in polarity for every liquid
crystal cell is displayed on the even horizontal lines.

[0122] Consequently, an image displayed on the image dis-
play panel 402 has a polarity pattern of a 1-dot inversion
scheme.

[0123] On the other hand, although the polarity pattern of
the image displayed on the image display panel 402 has been
described to be based on the 1-dot inversion scheme, the
present invention is not limited thereto. For example, the
polarity pattern of the displayed image may be set based on
the polarity control signal of the data control signal.

[0124] As described above, the liquid crystal display device
and the driving method thereof according to the fifth embodi-
ment of the present invention provide the same effects as
those of the first embodiment of the present invention, stated
previously. Further, in the fifth embodiment of the present
invention, the thin film transistors T of the liquid crystal cells
P are alternately arranged in the data line direction, and
arranged in such a manner that a symmetrical structure is
defined by every two adjacent ones of the liquid crystal cells
P. Therefore, for display of an image having a polarity pattern
based on the 1-dot inversion scheme on the image display
panel 402, the polarities of image signals outputted from the
data driving circuit 6 are inverted for every data line and for
every at least one frame, thereby reducing power consump-
tion of the data driving circuit 6. Of course, the power con-
sumption of the data driving circuit 6 according to the fifth
embodiment of the present invention can be reduced similarly
in other inversion schemes, as well as in the 1-dot inversion
scheme.

[0125] As apparent from the above description, the liquid
crystal display device and the driving method thereof accord-
ing to the present invention have effects as follows.

[0126] Firstly, a common voltage supply line for applica-
tion of a common voltage to an opposite electrode of each
liquid crystal cell is not required, thus increasing an aperture
ratio of each liquid crystal cell.
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[0127] Secondly, because first and second image signals
symmetrical to each other are supplied to each liquid crystal
cell through two adjacent data lines, occurrence of a horizon-
tal crosstalk can be eliminated. In addition, it is possible to
eliminate occurrence of a flicker resulting from a DC com-
ponent and prevent a liquid crystal from being deteriorated.
[0128] Thirdly, the polarity of an image signal to the oppo-
site electrode of each liquid crystal cell is inverted based on an
inversion scheme, thereby making it possible to eliminate
occurrence of an afterimage resulting from the polarity inver-
sion of the image signal, so as to prevent a picture quality from
being degraded.

[0129] Fourthly, an image is provided based on the first and
second image signals symmetrical to each other. Therefore,
the swing width of each image signal can be reduced, thus
reducing the amount of heat to be generated in a data driving
circuit and the amount of current to be consumed therein.
Further, it is possible to drive the liquid crystal with a high
voltage, so as to increase a response speed of the liquid
crystal.

[0130] Fifthly, the liquid crystal cells are alternately
arranged between every two horizontally adjacent data lines
along the data lines, so as to reduce power consumption
resulting from the polarity inversion of an image signal.
[0131] 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 spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device having a plurality of
liquid crystal cells formed respectively in pixel areas defined
by intersections of n gate lines and m data lines, wherein each
of the liquid crystal cells comprises:

a thin film transistor connected to any one of the gate lines
and any one of two data lines adjacent respectively to left
and right sides of a corresponding one of the liquid
crystal cells; among the data lines; and

a liquid crystal capacitor and a storage capacitor each
formed between the other one of the two adjacent data
lines and the thin film transistor.

2. The liquid crystal display device according to claim 1,
wherein the thin film transistor of each of the liquid crystal
cells is connected to a corresponding one of the gate lines and
a corresponding odd one of the data lines.

3. The liquid crystal display device according to claim 2,
wherein the thin film transistors of the liquid crystal cells are
alternately arranged between every two horizontally adjacent
ones of the data lines along the data lines.

4. The liquid crystal display device according to claim 1,
wherein the liquid crystal cells are arranged on a plurality of
horizontal lines corresponding respectively to the gate lines,

wherein each of the horizontal lines comprises:

a first liquid crystal cell group including the thin film tran-

sistors connected to a corresponding one ofthe gate lines
and a (4j-3)th (where j is a natural number which is m/4)
one of the data lines; and

a second liquid crystal cell group including the thin film
transistors connected to the corresponding gate line and
a (4))th one of the data lines.
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5. The liquid crystal display device according to claim 1,
wherein the liquid crystal cells are arranged on a plurality of
horizontal lines corresponding respectively to the gate lines,

wherein each of the horizontal lines comprises:

a first liquid crystal cell group including the thin film tran-

sistors connected to a corresponding one ofthe gate lines
and a (4j-2)th (where j is a natural number which is m/4)
one of the data lines; and

a second liquid crystal cell group including the thin film
transistors connected to the corresponding gate line and
a (4j-1)th one of the data lines.

6. The liquid crystal display device according to claim 1,
wherein the liquid crystal cells are arranged on a plurality of
horizontal lines corresponding respectively to the gate lines,

wherein the horizontal lines comprise:

odd horizontal lines comprising a first liquid crystal cell
group including the thin film transistors each connected
to a corresponding odd one of the gate lines and a (4j-
3)th (where j is a natural number which is m/4) one ofthe
data lines, and a second liquid crystal cell group includ-
ing the thin film transistors each connected to a corre-
sponding odd one of the gate lines and a (4j)th one of the
data lines; and

even horizontal lines comprising a third liquid crystal cell
group including the thin film transistors each connected
to a corresponding even one of the gate lines and a
(4j-2)th one of the data lines, and a fourth liquid crystal
cell group including the thin film transistors each con-
nected to a corresponding even one of the gate lines and
a (4j-1)th one of the data lines.

7. A liquid crystal display device comprising:

an image display panel including a plurality of liquid crys-
tal cells formed respectively in pixel areas defined by
intersections of n gate lines and m data lines;

a gate driving circuit for driving the gate lines;

a data driving circuit for converting the same data into first
and second image signals, the first and second image
signals having voltage levels symmetrical about a
middle voltage between a lowest voltage and a highest
voltage, and supplying the converted first and second
image signals respectively to two data lines adjacent
respectively to left and right sides of each of the liquid
crystal cells, among the data lines; and

a timing controller for controlling the gate driving circuit
and the data driving circuit and supplying the data cor-
responding to the first and second image signals to the
data driving circuit,

wherein the liquid crystal cells are arranged on a plurality
of horizontal lines corresponding respectively to the gate
lines,

wherein all the liquid crystal cells on each of the horizontal
lines are simultaneously driven by the driving of a cor-
responding one of the gate lines.

8. The liquid crystal display device according to claim 7,
wherein the timing controller comprises a data arranger for
arranging input data signals and supplying the arranged data
signals to the data driving circuit,

wherein the data arranger comprises:

a data storage unit for storing the input data signals;

a double data generator for doubling each of the data sig-
nals stored in the data storage unit into two data for
generation of the first and second image signals; and
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a data output unit for arranging the two data to be supplied
to each of the liquid crystal cells, outputted from the
double data generator, and supplying the arranged data
to the data driving circuit.

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

wherein each of the liquid crystal cells comprises:

a thin film transistor connected to any one of the two
adjacent data lines and any one of the gate lines;

a pixel electrode connected to the thin film transistor;

an opposite electrode connected to the other one of the two
adjacent data lines;

a liquid crystal capacitor formed by a liquid crystal layer
between the pixel electrode and the opposite electrode;
and

a storage capacitor formed by an overlap of the pixel elec-
trode and the opposite electrode.

10. The liquid crystal display device according to claim 9,
wherein the thin film transistor of each of the liquid crystal
cells is connected to a corresponding one of the gate lines and
a corresponding odd one of the data lines.

11. The liquid crystal display device according to claim 10,
wherein the thin film transistors of the liquid crystal cells are
alternately arranged between every two horizontally adjacent
ones of the data lines along the data lines.

12. The liquid crystal display device according to claim 9,
wherein the image display panel includes the plurality of
horizontal lines corresponding respectively to the gate lines,

wherein each of the horizontal lines comprises:

a first liquid crystal cell group including the thin film tran-

sistors connected to a corresponding one of the gate lines
and a (4j-3)th (where j is a natural number which 1s m/4)
one of the data lines; and

a second liquid crystal cell group including the thin film
transistors connected to the corresponding gate line and
a (4))th one of the data lines.

13. The liquid crystal display device according to claim 9,
wherein the image display panel includes the plurality of
horizontal lines corresponding respectively to the gate lines,

wherein each of the horizontal lines comprises:

a first liquid crystal cell group including the thin film tran-

sistors connected to a corresponding one of the gate lines
and a (4j-2)th (where j is a natural number which is m/4)
one of the data lines; and

a second liquid crystal cell group including the thin film
transistors connected to the corresponding gate line and
a (4j-1)th one of the data lines.

14. The liquid crystal display device according to claim 9,
wherein the image display panel includes the plurality of
horizontal lines corresponding respectively to the gate lines,

wherein the horizontal lines comprise:

odd horizontal lines comprising a first liquid crystal cell
group including the thin film transistors each connected
to a corresponding odd one of the gate lines and a (4j-
3)th (where j is a natural number which is m/4) one of the
data lines, and a second liquid crystal cell group includ-
ing the thin film transistors each connected to a corre-
sponding odd one of the gate lines and a (4j)th one of the
data lines; and

even horizontal lines comprising a third liquid crystal cell
group including the thin film transistors each connected
to a corresponding even one of the gate lines and a
(4j-2)th one of the data lines, and a fourth liquid crystal
cell group including the thin film transistors each con-
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nected to a corresponding even one of the gate lines and
a (4j-1)th one of the data lines.
15. The liquid crystal display device according to claim 8,
wherein the data driving circuit samples the data supplied
from the data arranger, and converts the sampled data into any
one of the first and second image signals having a voltage
level higher than the middle voltage and the other one of the
first and second image signals having a voltage level lower
than the middle voltage in response to a polarity control
signal.
16. A method for driving a liquid crystal display device, the
liquid crystal display device having a plurality of liquid crys-
tal cells formed respectively in pixel areas defined by inter-
sections of n gate lines and m data lines, the method compris-
ing:
sequentially driving the gate lines;
converting the same data into first and second image sig-
nals, the first and second image signals being symmetti-
cal about a middle voltage between a lowest voltage and
a highest voltage;

supplying the first and second image signals to each of the
liquid crystal cells, respectively, through two data lines
adjacent respectively to left and right sides thereof,
among the data lines, synchronously with the driving of
a corresponding one of the gate lines; and

simultaneously driving all the liquid crystal cells arranged
on each of horizontal lines corresponding respectively to
the gate lines using the first and second image signals
supplied to each of the liquid crystal cells.

17. The method according to claim 16, wherein the step of
converting comprises:

generating a plurality of positive gamma voltages having

different voltage levels higher than the middle voltage

and a plurality of negative gamma voltages having dif-

ferent voltage levels lower than the middle voltage, the

negative gamma voltages being symmetrical to the posi-

tive gamma voltages with respect to the middle voltage;
sampling the data; and

converting the sampled data into the first and second image

signals in response to a polarity control signal using the
positive gamma voltages and the negative gamma volt-
ages.

18. The method according to claim 16, wherein the step of
supplying comprises supplying the first image signal to each
odd one of the data lines and, at the same time, the second
image signal to each even one of the data lines synchronously
with the driving of each of the gate lines.

19. The method according to claim 18, wherein the step of
driving comprises driving each of the liquid crystal cells
using a potential difference of the first image signal supplied
to a corresponding one of the odd data lines from the second
image signal supplied to a corresponding one of the even data
lines as a reference voltage.

20. The method according to claim 18, wherein the step of
driving comprises:

driving each of the liquid crystal cells on each odd hori-

zontal line using a potential difference of the first image
signal supplied to a corresponding one of the odd data
lines from the second image signal supplied to a corre-
sponding one of the even data lines as a reference volt-
age; and

driving each of the liquid crystal cells on each even hori-

zontal line using a potential difference of the second
image signal supplied to a corresponding one of the even
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data lines from the first image signal supplied to a cor-
responding one of the odd data lines as a reference
voltage.

21. The method according to claim 18, wherein the step of

driving comprises:

driving each odd one of the liquid crystal cells on each
horizontal line using a potential difference of the first
image signal supplied to a (4j-3)th one of the data lines
from the second image signal supplied to a (4j=2)th
(where j is a natural number which is m/4) one of the data
lines as a reference voltage; and

driving each even one of the liquid crystal cells on each
horizontal line using a potential difference of the second
image signal supplied to a (4j)th one of the data lines
from the first image signal supplied to a (4j-1)th one of
the data lines as a reference voltage.

22. The method according to claim 18, wherein the step of

driving comprises:

driving each odd one of the liquid crystal cells on each
horizontal line using a potential difference of the second
image signal supplied to a (4j-2)th one of the data lines
from the first image signal supplied to a (4j-3)th (where
] 1s a natural number which is m/4) one of the data lines
as a reference voltage; and

driving each even one of the liquid crystal cells on each
horizontal line using a potential difference of the first
image signal supplied to a (4j-1)th one of the data lines
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from the second image signal supplied to a (4j)th one of
the data lines as a reference voltage.

23. The method according to claim 18, wherein the step of

driving comprises:

driving each odd one of the liquid crystal cells on each odd
horizontal line using a potential difference of the first
image signal supplied to a (4j-3)th one of the data lines
from the second image signal supplied to a (4j-2)th
(wherej is a natural number which is m/4) one ofthe data
lines as a reference voltage;

driving each even one of the liquid crystal cells on each odd
horizontal line using a potential difference of the second
image signal supplied to a (4j)th one of the data lines
from the first image signal supplied to a (4j-1)th one of
the data lines as a reference voltage;

driving each odd one of the liquid crystal cells on each even
horizontal line using a potential difference of the second
image signal supplied to the (4j-2)th data line from the
first image signal supplied to the (4j-3)th data line as a
reference voltage; and

driving each even one of the liquid crystal cells on each
even horizontal line using a potential difference of the
first image signal supplied to the (4j-1)th data line from
the second image signal supplied to the (4))th data line as
a reference voltage.
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