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(57) ABSTRACT

A liquid crystal display (“LCD”) device includes an LCD
panel, a data driver and a gate driver. The LCD panel
includes a first pixel section and a second pixel section
formed in regions defined by a adjacent gate lines and
adjacent data lines. The first pixel section is electrically
charged at a first time point and the second pixel section is
electrically charged at a second time point later than the first
time point. The data driver provides the data lines with data
voltages. The gate driver applies a first gate signal to the first
pixel section, and a second gate signal having at least one
different characteristic from that of the first gate signal to the
second pixel section. Therefore, vertical flickering may be

Aug. 22, 2005 (KR) oo 2005-76614 prevented in the LCD device.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2005-76614, filed on Aug. 22, 2005 and all
the benefits accruing therefrom under 35 U.S.C. §119, and
the contents of which in its entirety are herein incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (“LCD”) device and a method of driving the LCD
device. More particularly, the present invention relates to an
LCD device capable of improving display quality and a
method of driving the LCD device.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display (“LCD”) device
displays images using optical and electrical properties of
liquid crystal, such as an anisotropic refractive index, an
anisotropic dielectric constant, etc. The LCD device has
characteristics, for example, lighter weight structure, lower
power consumption, lower driving voltage, etc., in compari-
son with a display device such as a cathode ray tube
(“CRT™), a plasma display panel (“PDP”) and so on.

[0006] Inthe LCD device, an amplitude of a signal voltage
that is transferred to liquid crystal molecules, in a liquid
crystal panel of the LCD device, through a data line is
controlled by a gate voltage applied from the gate electrode.
The data voltage changes an arrangement of the liquid
crystal molecules, so that various gray levels are displayed
in the LCD device.

[0007] The LCD device includes a source driving inte-
grated circuit (“IC”), a source printed circuit board (“PCB”)
driving the source driving IC, a gate driving IC, and a gate
PCB driving the gate driving IC. With increased usage of the
LCD device, various efforts for reducing the number of
source driving ICs are being made to lower manufacturing
costs and to enhance driving efficiency.

[0008] For example, in order to reduce the number of
source driving ICs, a half-reduced data line structure may be
applied to the LCD device. The half-reduced data line
structure includes a first pixel and a second pixel formed in
one area that is divided by data lines adjacent to each other
and gate lines adjacent to each other. The first and second
pixels are charged at different times with respect to each
other.

[0009] In the half-reduced data line structure of the LCD
device, when the second pixel is charged after the first pixel
is charged, a charging quantity of the second pixel is
changed due to a coupling capacitance between the first
pixel and the second pixel.

[0010] The difference of charging quantity induces verti-
cal flickering that is displayed in a display area of the liquid
crystal panel.

1. Field of the Invention

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention provides a liquid crystal
display (“LCD”) device capable of improving display qual-
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ity by preventing flickering induced by a change of charging
quantity in a half-reduced data line structure.

[0012] The present invention also provides a method of
driving the above-mentioned LCD device.

[0013] In exemplary embodiments of the present inven-
tion, the LCD device includes an LCD panel, a data driver,
and a gate driver. The LCD panel includes a first pixel
section and a second pixel section respectively formed in
corresponding regions defined by a plurality of gate lines
adjacent to each other and a plurality of data lines adjacent
to each other. The first pixel section is electrically charged
at a first time point and the second pixel section is electri-
cally charged at a second time point later than the first time
point. The data driver provides the data lines with data
voltages. The gate driver applies a first gate signal to the first
pixel section, and a second gate signal, having at least one
different characteristic from that of the first gate signal, to
the second pixel section.

[0014] The data driver may apply a first data signal to the
first pixel section, and a second data signal, having an
opposite polarity to that of the first data signal, to the second
pixel section, in which case an amplitude of the first gate
signal may be greater than an amplitude of the second gate
signal. Alternatively, a pulse width of the first gate signal
may be wider than a pulse width of the second gate signal.

[0015] The data driver may apply a first data signal to the
first pixel section, and a second data signal, having a same
polarity as that of the first data signal, to the second pixel
section, in which case an amplitude of the first gate signal
may be smaller than an amplitude of the second gate signal.
Alternatively, a pulse width of the first gate signal may be
narrower than a pulse width of the second gate signal.

[0016] In other exemplary embodiments of the present
invention, there is provided a method of driving the LCD
device, such as the above-described LCD device. In the
method, data voltages are outputted to the data lines. A first
gate signal is outputted to a gate line electrically connected
to the first pixel section. Then, a second gate signal having
at least one different characteristic from that of the first gate
signal is outputted to a gate line electrically connected to the
second pixel section after the first gate signal is applied to
the gate line electrically connected to the first pixel section.

[0017] The data voltages may include a first data signal
applied to the first pixel section, and a second data signal,
having an opposite polarity to that of the first data signal,
applied to the second pixel section. Then, an amplitude of
the first gate signal may be greater than an amplitude of the
second gate signal. Alternatively, a pulse width of the first
gate signal may be wider than a pulse width of the second
gate signal.

[0018] The data voltages may include a first data signal
applied to the first pixel section, and a second data signal,
having a same polarity as that of the first data signal, applied
to the second pixel section. Then, an amplitude of the first
gate signal may be smaller than an amplitude of the second
gate signal. Alternatively, a pulse width of the first gate
signal may be narrower than a pulse width of the second gate
signal.

[0019] According to the LCD device and the method of
driving the LCD device, vertical flickering may be pre-
vented in the LCD device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0021] FIG. 1is a block diagram illustrating an exemplary
liquid crystal display (“LCD”) device according to an exem-
plary embodiment of the present invention;

[0022] FIG. 2 is a waveform diagram illustrating exem-
plary gate signals outputted from the exemplary first and
second gate drivers in FIG. 1;

[0023] FIG. 3 is a layout diagram illustrating an exem-
plary pixel section that is formed on the exemplary LCD
panel in FIG. 1;

[0024] FIG. 4 is an equivalent circuit diagram illustrating
an exemplary pixel section of the exemplary LCD panel in
FIG. 1;

[0025] FIG. 5 is a circuit diagram illustrating an exem-
plary pixel section of the exemplary LCD device in FIG. 1;

[0026] FIG. 6 is a waveform diagram illustrating exem-
plary gate voltages and exemplary data voltages in FIG. 5;

[0027] FIG. 7 is a waveform diagram illustrating charging
quantity characteristics of exemplary data voltages in FIG.
5;

[0028] FIG. 8is a block diagram illustrating an exemplary

LCD device according to another exemplary embodiment of
the present invention;

[0029] FIG. 9 is a waveform diagram illustrating exem-
plary gate signals outputted from exemplary first and second
gate drivers in FIG. 8;

[0030] FIG. 10 is a circuit diagram illustrating an exem-
plary pixel element section of the exemplary LCD device in
FIG. 8,

[0031] FIG. 11 is a waveform diagram illustrating exem-
plary gate voltages and exemplary data voltages in FIG. 10;
and

[0032] FIG. 12 is a waveform diagram illustrating charg-
ing quantity characteristics of exemplary data voltages in
FIG. 10.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] The invention is desctibed more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
In the drawings, the size and relative sizes of layers and
regions may be exaggerated for clarity.

[0034] Tt will be understood that when an element or layer
is referred to as being “on,‘connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
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referred to as being “directly on,”directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0035] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the present invention.

[0036] Spatially relative terms, such as “beneath,”™below,
”lower,”*“above,”“‘upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0037] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,”“an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0038] Embodiments of the invention are described herein
with reference to cross-section illustrations that are sche-
matic illustrations of idealized embodiments (and interme-
diate structures) of the invention. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, an
implanted region illustrated as a rectangle will, typically,
have rounded or curved features and/or a gradient of implant
concentration at its edges rather than a binary change from
implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implan-
tation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the figures are schematic in nature
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and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit
the scope of the invention.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly, formal sense unless expressly so defined herein.

[0040] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
Some exemplary embodiments of the present invention will
be explained based on a structure of having first and second
pixel element sections where data signals of the same
polarity are applied thereto. When data signals of opposite
polarity are applied to the first and second pixel element
sections, the gate signals applied to the first and second pixel
element sections are opposite.

[0041] FIG. 1is a block diagram illustrating an exemplary
liquid crystal display (“LLCD” ) device according to an
exemplary embodiment of the present invention. FIG. 2 is a
waveform diagram illustrating exemplary gate signals out-
putted from the exemplary first and second gate drivers in
FIG. 1.

[0042] Referring to FIGS. 1 and 2, an LCD device 100
includes a first timing controller 110, a first data driver 120,
a first gate driver 130, a second gate driver 140, and an LCD
panel 150.

[0043] The first timing controller 110 receives a first data
signal DATA1, various synchronizing signals HYNC and
VSYNC, a data enable signal DE, and a main clock signal
MCLK from an external device. The first timing controller
110 outputs a second data signal DATA2, and a data drive
signal to the first data driver 120. The data drive signal
includes a load signal LOAD and a horizontal start signal
STH.

[0044] The first timing controller 110 also outputs a first
gate drive signal and a first gate voltage to the first gate
driver 130, and outputs a second gate drive signal and a
second gate voltage to the second gate driver 140. The first
gate drive signal includes a first gate clock signal GCK1 and
a first vertical start signal STV1. The first gate voltage
includes a first gate-on voltage VON1 and a first gate-off
voltage VOFF1. The second gate drive signal includes a
second gate clock signal GCK2 and a second vertical start
signal STV2. The second gate voltage includes a second
gate-on voltage VON2 and a second gate-off voltage
VOFF2. The first vertical start signal STV1 precedes the
second vertical start signal STV?2. Therefore, the second gate
driver 140 is activated after the first gate driver 130 is
activated. A rising edge of the first vertical start signal STV1
and a rising edge of the second vertical start signal STV2 are
separated by about a 1 H time interval, or a falling edge of
the first vertical start signal STV1 and a falling edge of the
second vertical start signal STV2 are separated by a 1 H time
interval.

[0045] The second gate-on/off voltages VON2/VOFF2
may be at levels at which a switching element of the LCD
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panel 150 is normally turned on/off. A thin-film transistor
(“TFT”) may be employed as the switching element.

[0046] Inoneexample, the first gate-off voltage VOFF1 is
substantially equal to the second gate-off voltage VOFF2,
and the first gate-on voltage VON1 is higher than the second
gate-on voltage VON2. In such an example, the first gate-on
voltage VONI is at a higher level than what is required to
turn on a TFT of the LCD panel 150.

[0047] Alternatively, the first gate-on voltage VONI is
relatively higher than the second gate-on voltage VON2, and
the first gate-off voltage VOFF1 is relatively lower than the
second gate-off' voltage VOFF2. For example, when the
second gate-off voltage VOFF2 is about -6V, the first
gate-off voltage VOFF1 may be about =7V, and when the
second gate-on voltage VON2 is about 20V, the first gate-on
voltage VON1 may be about 25V.

[0048] When the first data driver 120 receives the second
data signal DATA?2 from the first timing controller 110, the
first data driver 120 changes the second data signal DATA2
into a data voltage that corresponds to a gray-scale voltage.
Then, the first data driver 120 provides data lines of the LCD
panel 150 with the changed data voltages D1, D2, . . ., Dm,
wherein ‘m’ represents an integer.

[0049] The first gate driver 130 sequentially provides
odd-numbered gate lines of the LCD panel 150 with odd-
numbered gate signals AG1, AG3, . . ., AGn-3 and AGn-1
activating the odd-numbered gate lines in response to the
first gate drive signal GCK1 and STV1, where ‘n’ represents
an even number.

[0050] The second gate driver 140 sequentially provides
even-numbered gate lines of the LCD panel 150 with
even-numbered gate signals AG2, AG4, . . ., AGn-2 and
AGn in response to the second gate drive signal GCK2 and
STV2, activating the even-numbered gate lines. The odd-
numbered gate signals AG1, AG3, . . ., AGn-3 and AGn-1
and the even-numbered gate signals AG2, AG4, . . ., AGn-2
and AGn are alternately outputted to the LCD panel 150.

[0051] In one exemplary embodiment, a level of the
odd-numbered gate signals AG1, AG3, . .., AGn-3 and
AGn-1 is higher than a level of the even-numbered gate
signals AG2, AG4, . . ., AGn-2 and AGn. Also in one
exemplary embodiment, charges applied to second pixel
element sections corresponding to the even-numbered gate
signals AG2, AG4, . . ., AGn-2 and AGn are opposite to
charges previously stored in first pixel element sections
corresponding to the odd-numbered gate signals AG1, AG3,
..., AGn-3 and AGn-1. That is, they may have an opposite
polarity. As a result, charges are easily stored in the second
pixel element sections corresponding to the even-numbered
gate signals AG2, AG4, . . ., AGn-2 and AGn. Therefore, the
even-numbered gate signals AG2, AG4, . . ., AGn-2 and
AGn have a lower level than the odd-numbered gate signals
AGI1, AG3, . . ., AGn-3 and AGn-1.

[0052] On the contrary, in an alternative embodiment,
when charges applied to the second pixel element sections
corresponding to the even-numbered gate signals AG2,
AG4, . .., AGn-2 and AGn are substantially the same as
charges previously stored in first pixel element sections
corresponding to the odd-numbered gate signals AG1, AG3,
..., AGn-3 and AGn-1, such as by having the same polarity,
the charges are not easily stored in the second pixel element
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sections corresponding to the even-numbered gate signals
AG2, AG4, . . ., AGn-2 and AGn. Therefore, in this
embodiment, the even-numbered gate signals AG2, AG4, . .
., AGn-2 and AGn have a higher level than the odd-
numbered gate signals AG1, AG3, . .., AGn-3 and AGn-1.

[0053] The LCD panel 150 includes a plurality of gate
lines (or scan lines) extending in a first direction and
transferring the gate signals (or scan signals) AG1, AG2, . .
., AGn-1 and AGn, and a plurality of data lines (or source
lines) extending in a second direction substantially perpen-
dicular to the first direction and transferring the data volt-
ages D1, D2, . . ., Dm. The LCD panel 150 has a
half-reduced data line structure, so that the LCD panel 150
has an increased number of gate lines and reduced number
of data lines.

[0054] An LCD panel having the half-reduced data line
structure includes the first pixel element section and the
second pixel element section formed on an area defined by
a plurality of gate lines adjacent to each other and a plurality
of data lines adjacent to each other.

[0055] For example, as will be further described below,
the first pixel element section includes a first TFT, and a first
liquid crystal capacitor electrically connected to a drain
electrode of the first TFT. The second pixel element section
includes a second TFT and a second liquid crystal capacitor
electrically connected to a drain electrode of the second TFT.
A storage capacitor is electrically connected to the first and
second liquid crystal capacitors, so that the first and second
pixel element sections share the storage capacitor.

[0056] FIG. 3 is a layout diagram illustrating exemplary
pixel sections that are formed on the exemplary LCD panel
in FIG. 1.

[0057] Referring to FIG. 3, a first pixel element section P1
is electrically connected to a first gate line GL1, and a
second pixel element section P2 is electrically connected to
a second gate line GL2. The first pixel element section P1 is
also electrically connected to a first data line DL1, and the
second pixel element section P2 is also electrically con-
nected to a second data line DL2.

[0058] The first pixel element section P1 includes a first
TFT TR1 and a first pixel electrode 210. The first TFT TR1
includes a gate electrode extended from the first gate line
GL1, a source electrode extended from the first data line
DL1, and a drain electrode. The drain electrode of the first
TFT TR1 is electrically connected to the first pixel electrode
210 through a first contact hole 215.

[0059] The second pixel element section P2 includes a
second TFT TR2 and a second pixel electrode 220. The
second TFT TR2 includes a gate electrode extended from a
second gate line GL2, a source electrode extended from a
second data line DL2, and a drain electrode. The drain
electrode of the second TFT TR2 is electrically connected to
the second pixel electrode 220 through a second contact hole
225.

[0060] Additionally, a first storage line 240q is formed at
the first and second pixel element sections P1 and P2, and is
extended in parallel with and adjacent to the first gate line
GL1. A second storage line 2405 is formed at the first and
second pixel element sections P1 and P2, and is extended in
parallel with and adjacent to the second gate line GL2.
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[0061] A third storage line 240c that is substantially par-
allel with the first data line DL1 is formed at the first pixel
element section P1, which electrically connects a first end
portion of the first storage line 240 to a first end portion of
the second storage line 2405. For example, the third storage
line 240¢ is formed such that the third storage line 240¢ is
partially overlapped with the first pixel electrode 210.

[0062] Also, a fourth storage line 2404 that is parallel with
the third storage line 240¢ and the second data line DL2 is
formed at the second pixel element section P2, which
electrically connects a second end portion of the first storage
line 240q to a second end portion of the second storage line
240b. For example, the fourth storage line 2404 is formed
such that the fourth storage line 2404 is partially overlapped
with the second pixel electrode 220.

[0063] A fifth storage line 240e is formed at an adjoining
area between the first and second pixel element sections P1
and P2. The fifth storage line 240e electrically connects a
central portion of the first storage line 240a to a central
portion of the second storage line 2405. The fifth storage line
240e is extended along a direction that is substantially
parallel with the first and second data lines DL1 and DL2,
and substantially parallel with the third storage line 240¢ and
the fourth storage line 240d. For example, the fifth storage
line 240¢ is partially overlapped with both the first pixel
electrode 210 and the second pixel electrode 220. Therefore,
the first pixel element section P1 and the second pixel
element section P2 share the fifth storage line 240e.

[0064] Alower electrode of a storage capacitor Cst for the
first pixel element section P1 is defined by portions of the
first and second storage lines 240a and 2405, a portion of the
third storage line 240c and a portion of the fifth storage line
240e. Also, the lower electrode of a storage capacitor Cst for
the second pixel element section P2 is defined by one portion
of the first and second storage lines 240a and 24054, one
portion of the fourth storage line 2404 and one portion of the
fifth storage line 240e.

[0065] The first to fifth storage lines 240a to 240e and
source and drain electrodes of the first and second TFTs TR1
and TR2 include substantially the same metal. Additionally,
the first to fifth storage lines 240a to 240e and source and
drain electrodes of the first and second TFTs TR1 and TR2
are formed through substantially the same process.

[0066] Accordingly, the first to fifth storage lines 240a to
240e are formed on a gate insulating layer, so that the first
to fifth storage lines 2404 to 240¢ define the lower electrode
of the storage capacitor Cst. An insulating layer (not shown)
is formed on the first to fifth storage lines 240a to 240e, so
that the insulating layer defines a dielectric substance of the
storage capacitor Cst. The first and second pixel electrodes
210 and 220 that are formed on the insulating layer (not
shown) defining an upper electrode of the storage capacitor
Cst.

[0067] FIG. 4 is an equivalent circuit diagram illustrating
an exemplary pixel section of the exemplary LCD panel in
FIG. 1.

[0068] Referring to FIG. 4, a pixel element section is
formed in an area surrounded by the first and second data
lines DL1 and DI.2, and the first and second gate lines GL1
and GL2. The pixel element section includes a first TFT
TR1, a first pixel P1 electrically connected to the first TFT



US 2007/0040795 A1l

TR1, a second TFT TR2, and a second pixel P2 electrically
connected to the second TFT TR2.

[0069] A gate electrode, a source electrode and a drain
electrode of the first TFT TR1 are electrically connected to
the first gate line GL1, the first data line DL1 and the first
pixel P1, respectively. A gate electrode, a source electrode
and a drain electrode of the second TFT TR2 are electrically
connected to the second gate line GL.2, the second data line
DL2 and the second pixel P2, respectively.

[0070] In FIG. 4, a structure of the pixel element section
corresponds to the half-reduced data line structure having a
first pixel P1 and a second pixel P2, and is electrically
connected to the first data line DL.1 and the second data line
DL2 adjacent to each other. In the half-reduced data line
structure, a first coupling capacitor Cdp1 is induced between
the first data line DL1 and the first pixel P1, a second
coupling capacitor Cdp2 is induced between the first pixel
P1 and the second pixel P2, and a third coupling capacitor
Cdp3 is induced between the second pixel P2 and the second
data line DL.2.

[0071] According to a conventional driving method, the
first pixel P1 is charged when the first gate line GL1 is
activated, and then the second pixel P2 is charged when the
second gate line GL2 is activated.

[0072] In the conventional driving method, the second
pixel P2 is abnormally charged due to charges stored in the
first pixel P1 that has been previously charged. As a result,
a difference of charging quantity between a pixel electrically
connected to odd-numbered data lines and a pixel electri-
cally connected to even-numbered data lines generates a
vertical flickering displayed in a display area of the LCD
panel 150.

[0073] However, according to exemplary embodiments of
the present invention, a relatively pre-charged first pixel P1
is charged by a first gate signal of a relatively higher level
than a relatively ordinary level, and a relatively post-charged
second pixel P2 is charged by a second gate signal of a
relatively ordinary level. Therefore, a vertical flickering may
be prevented.

[0074] FIG. 5 is a circuit diagram illustrating an exem-
plary pixel section of the exemplary LCD device in FIG. 1.
FIG. 6 is a waveform diagram illustrating exemplary gate
voltages and exemplary data voltages in FIG. 5.

[0075] Referring to FIGS. 5 and 6, the first data voltage
VD1 applied to the first data line DL1 is charged to the first
pixel section PX1 in response to the first gate signal AG1
having a first level. The first pixel section PX1 includes a
first TFT TR1, a first liquid crystal capacitor Clcl, and a first
storage capacitor Cstl.

[0076] The first data voltage VD1 has a positive polarity
with reference to a common voltage VCOM. The first gate
signal AG1 is applied to the first gate line GL1, so that the
first TFT TR1, which is electrically connected to the first
gate line GL1, is activated. The first data voltage VD1 is
charged in the first liquid crystal capacitor Clcl and a first
storage capacitor Cstl through the first TFT TR1. The first
liquid crystal capacitor Clc1 and a first storage capacitor
Cstl are electrically connected to each other. A first terminal
of the first storage capacitor Cst1 is electrically connected to
a drain electrode of the first TFT TR1, and a second terminal
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thereof is electrically connected to a VST terminal that
receives a storage voltage VST.

[0077] The second data voltage VD2 applied to the second
data line DL2 is charged in the second pixel section PX2 in
response to the second gate signal AG2 having a second
level different than the first level of the first gate signal AG1.
The second pixel section PX2 includes a second TFT TR2,
a second liquid crystal capacitor Clc2, and a second storage
capacitor Cst2. A first terminal of the second storage capaci-
tor Cst2 is electrically connected to a drain electrode of the
second TFT TR1, and a second terminal thereof is electri-
cally connected to the VST terminal that is also connected
to the first storage capacitor Cst1. The VST terminal receives
a storage voltage VST.

[0078] The second data voltage VD2 may have a negative
polarity with reference to a common voltage VCOM. The
second gate signal AG2 is applied to the second gate line
GL2, so that the second TFT TR2, which is electrically
connected to the second gate line GL2, is activated. The
second data voltage VD2 is charged in the second liquid
crystal capacitor Clc2 and the second storage capacitor Cst2
through the second TFT TR2. The second liquid crystal
capacitor Clc2 and the second storage capacitor Cst2 are
electrically connected to each other.

[0079] For example, a high level of the second gate signal
AG2, having the second level, is substantially equal to a
turn-on voltage of the second TFT TR2, while a high level
of the first gate signal AG1, having the first level, is
relatively higher than the high level of the second gate signal
AG2. As shown in FIG. 6, when the second gate signal AG2
has an ‘A’ level, the first gate signal AG1 has an ‘A+A’ level,
wherein ‘A’ represents positive, and the absolute value of the
‘A+A’ level is greater than the absolute value of the ‘A’ level.
For example, when low and high levels of the second gate
signal AG2 are about -6V and about 20V, respectively, low
and high levels of the first gate signal AG1 are about -7V
and about 25V, respectively.

[0080] In FIGS. 5 and 6, the data voltages of opposite
polarity with reference to a common voltage VCOM are
applied to the data lines adjacent to each other. Alternatively,
the data voltages of the same polarity with reference to a
common voltage VCOM may be applied to the data lines
adjacent to each other. When data voltages of the same
polarity are applied to the data lines adjacent to each other,
charges of the first pixel electrode, which have been previ-
ously charged, repulse charges of the same polarity. There-
fore, a difference between a low level and a high level of the
second gate signal AG2 may be greater than a difference
between a low level and a high level of the first gate signal
AQG1 in order to prevent the vertical flickering. For example
when low and high levels of the second gate signal AG2 are
about -7V and about 25V, respectively, low and high levels
of the first gate signal AG1 are about -6V and about 20V,
respectively.

[0081] Hereinafter, charging quantity characteristics of
data voltages that are charged in the first and second pixel
sections PX1 and PX2 are described with reference to FIG.
7.

[0082] FIG. 7 is a waveform diagram illustrating charging
quantity characteristics of exemplary data voltages in FIG.
s
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[0083] Referring to FIG. 7, when a first gate signal AG1
having a relatively high voltage gap is activated, the first
data voltage VD1 is applied to the first pixel section PX1 to
charge the first pixel section PX1.

[0084] Then, when the second gate signal AG2 having a
relatively low voltage gap is subsequently activated, the
second data voltage VD2, of which polarity is opposite to
that of the first data voltage VDI, is applied to the second
pixel section PX2 to charge the second pixel section PX2.
The second pixel section PX2 is easily charged due to
attractive force of the first pixel section PX1 because the
second pixel section PX2 is charged with electrical charges
having an opposite polarity to that of the first pixel section
PX1. As a result, when the second gate signal AG2 of which
voltage gap is smaller than that of the first gate signal AG1
is applied to the second pixel section PX2, a second charge
quantity QC2 of the second pixel section PX2 becomes
substantially the same as a first charge quantity QC1 of the
first pixel section PX1. With the second charge quantity QC2
being substantially the same as the first charge quantity
QC1, vertical flickering may be prevented.

[0085] Although not illustrated, it should be understood
that the first and second charge quantities QC1 and QC2 may
also be substantially the same in the exemplary embodiment
where the first and second data voltages VD1 and VD2 have
the same polarity and the second gate signal AG2 has a
relatively higher voltage gap than the first gate signal AG1.

[0086] FIG. 8is a block diagram illustrating an exemplary
LCD device according to another exemplary embodiment of
the present invention. FIG. 9 is a waveform diagram illus-
trating exemplary gate signals outputted from an exemplary
first and second gate driver in FIG. 8.

[0087] Referring to FIGS. 8 and 9, an LCD device 300
includes a first timing controller 310, a first data driver 320,
a first gate driver 330, a second gate driver 340 and an LCD
panel 350.

[0088] The first timing controller 310 receives a first data
signal DATA1, various synchronizing signals HSYNC and
VSYNC, a data enable signal DE, and a main clock signal
MCLK from an external device.

[0089] The first timing controller 310 outputs a second
data signal DATA2 and a second data drive signal for
outputting the second data signal DATA2 to the first data
driver 320. The second data drive signal includes a load
signal LOAD and a horizontal start signal STH. The first
timing controller 310 outputs a first gate drive signal to the
first gate driver 330, and outputs a second gate drive signal
to the second gate driver 340. The first gate drive signal
includes a first gate clock signal GCK1, a first vertical start
signal STV1, and a first output enable signal OE1. The
second gate drive signal includes a second gate clock signal
GCK2, a first vertical start signal STV?2, and a second output
enable signal OE2.

[0090] A rising edge of the first vertical start signal STV1
and a rising edge of the second vertical start signal STV2 are
separated by about 1 H time interval, or a falling edge of the
first vertical start signal STV1 and a falling edge of the
second vertical start signal STV2 are separated by a 1 H time
interval. The first vertical start signal STV1 precedes the
second vertical start signal STV?2. Therefore, the second gate
driver 340 is activated after the first gate driver 330 is
activated.
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[0091] The first and second output enable signals OE1 and
OE2 have different pulse widths from each other. The first
output enable signal OF1 controls each of the odd-numbered
gate signals BG1, BG3, . . ., BGn-1, wherein ‘n’ represents
an even number. In an exemplary embodiment, the first
output enable signal OE1 controls each of the odd-numbered
gate signals BG1, BG3, . . ., BGn-1 to have a relatively wide
pulse width. In such an embodiment. the second output
enable signal OF2 controls each of the even-numbered gate
signals BG2, BG4, . . ., BGn-2 and BGn to have a relatively
narrow pulse width.

[0092] When the second data signal DATA2 is transferred
from the first timing controller 310 to the first data driver
320, the first data driver 320 changes the second data signal
DATA?2 into a data voltage that corresponds to a gray-scale
voltage. Then, the first data driver 320 provides data lines of
the LCD panel 350 with the changed data voltage D1, D2,
..., Dm, wherein ‘m’ represents a positive number.

[0093] The first gate driver 330 sequentially provides
odd-numbered gate lines of the LCD panel 350 with odd-
numbered gate signals BG1, BG3, . . ., BGn-3 and BGn-1
activating the odd-numbered gate lines in response to the
first gate drive signal GCK1 and STV1, wherein ‘n’ repre-
sents an even nurmber.

[0094] The second gate driver 340 sequentially provides
even-numbered gate lines of the LCD panel 350 with
even-numbered gate signals BG2, BG4, . . . , BGn-2 and
BGn in response to the second gate drive signal GCK2 and
STV2. The even-numbered gate signals E3G2, BG4, . . .,
BGn-2 and BGn activate the even-numbered gate lines of
the LCD panel 350. The odd-numbered gate signals BG1,
BG3, BGn-3 and BGn-1 and the even-numbered gate signals
BG2, BG4, . . ., BGn-2 and BGn are alternately outputted
to the LCD panel 350.

[0095] In one example, such as shown in FIG. 9, a pulse
width of the odd-numbered gate signals BG1, BG3, . . .,
BGn-3 and BGn-1 is relatively wider than a pulse width of
the even-numbered gate signals BG2, BG4, . . ., BGn-2 and
BGn. Charges applied to second pixel element sections
corresponding to the even-numbered gate signals BG2,
BG4, . . ., BGn-2 and BGn are opposite to charges
previously stored in first pixel element sections correspond-
ing to the odd-numbered gate signals BG1, BG3, . . ., BGn-3
and BGn-1. As a result, charges are easily stored in the
second pixel element sections corresponding to the even-
numbered gate signals BG2, BG4, . . . , BGn-2 and BGn.
Therefore, a pulse width of the even-numbered gate signals
BG2, BG4, . . ., BGn-2 and BGn is narrower than a pulse
width of the odd-numbered gate signals BG1, BG3, . . .,
BGn-3 and BGn-1.

[0096] On the contrary, although not illustrated, when
charges applied to the second pixel element sections corre-
sponding to the even-numbered gate signals BG2, BG4, . .
., BGn-2 and BGn are substantially the same as charges
previously stored in first pixel element sections correspond-
ing to the odd-numbered gate signals BG1, BG3, ..., BGn-3
and BGn-1, such as by having the same polarity, the charges
are not easily stored in the second pixel element sections
corresponding to the even-numbered gate signals BG2,
BG4, . . ., BGn-2 and BGn. Therefore, a pulse width of the
even-numbered gate signals BG2, BG4, . . . , BGn-2 and
BGn is wider than a pulse width of the odd-numbered gate
signals BG1, BG3, . . ., BGn-3 and BGn-1.
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[0097] The LCD panel 350 includes a plurality of gate
lines (or scan lines) extending in a first direction that transfer
a plurality of gate signals (or scan signals) BG1, BG2, . . .
, BGn-1 and BGn, and a plurality of data lines (or source
lines), extending in a second direction substantially perpen-
dicular to the first direction, transfer a plurality of data
voltages D1, D2, . . ., Dm. The LCD panel 350 has the
half-reduced data line structure. The half-reduced data line
structure includes an increased number of gate lines and a
decreased number of data lines. The half-reduced data line
structure is described in FIGS. 3 and 4.

[0098] FIG. 10 is a circuit diagram illustrating an exem-
plary pixel element section of the exemplary LCD device in
FIG. 8. FIG. 11 is a waveform diagram illustrating exem-
plary gate voltages and exemplary data voltages in FIG. 10.
The LCD device of the present embodiment is substantially
the same as in FIG. 5. Thus, the same reference numerals
will be used to refer to the same or like sections as those
described in FIG. 5 and any further explanation concerning
the above elements will be omitted.

[0099] Referring to FIGS. 10 and 11, the first data voltage
VD1 that is applied to the first data line DL1 is charged in
the first pixel section PX1 through the first gate signal BG1.

[0100] The first data voltage VD1 has a positive polarity
with reference to a common voltage VCOM. The first gate
signal BG1 is applied to the first gate line GL1, so that the
first TFT TR1, which is electrically connected to the first
gate line GL1, is activated. The first data voltage VD1 is
charged in a first liquid crystal capacitor Clcl and a first
storage capacitor Cst1 through the first TFT TR1. A second
liquid crystal capacitor Clc2 and a second storage capacitor
Cst2 are electrically connected to each other. A first terminal
of the first storage capacitor Cst1 is electrically connected to
a drain electrode of the first TFT TR1, and a second terminal
of the first storage capacitor Cst1 is electrically connected to
the VST terminal.

[0101] The second data voltage VD2 that is applied to the
second data line DL2 is charged in the second pixel section
PX2 in response to the second gate signal BG2. The second
data voltage VD2 has a negative polarity with reference to
a common voltage VCOM. The second gate signal BG2 is
applied to the second gate line GL.2, so that the second TFT
TR2, which is electrically connected to the second gate line
GL2, is activated. The second data voltage VD2 is charged
in the second liquid crystal capacitor Cle2 and the second
storage capacitor Cst2 through the second TFT TR2. The
second liquid crystal capacitor Clc2 and the second storage
capacitor Cst2 are electrically connected to each other. A
first terminal of the second storage capacitor Cst2 is elec-
trically connected to a drain electrode of the second TFT
TR2, and a second terminal of the second storage capacitor
Cst2 is electrically connected to the VST terminal.

[0102] Forexample, as shown in FIG. 11, a pulse width of
the second gate signal BG2 is substantially equal to a turn-on
voltage of the second TFT TR2, while a pulse width of the
first gate signal BG1 is relatively wider than a pulse width
of the second gate signal BG2. The pulse width of the first
gate signal BG1 is controlled by the first output enable signal
OE1. The pulse width of the second gate signal BG2 is
controlled by the second output enable signal OE2.

[0103] In FIGS. 10 and 11, the data voltages of opposite
polarity with reference to a common voltage VCOM are
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applied to the data lines adjacent to each other. However, in
an alternative embodiment, the data voltages of the same
polarity with reference to a common voltage VCOM may be
applied to the data lines adjacent to each other. When data
voltages of the same polarity are applied to the data lines
adjacent to each other, charges of the first pixel electrode,
which have been previously charged, repulse charges of the
same polarity. Therefore, a pulse width of the second gate
signal BG2 is greater than a pulse width of the first gate
signal BG1 in order to prevent the vertical flickering.

[0104] Hereinafter, charging quantity characteristics of
data voltages that are charged in the first and second pixel
sections PX1 and PX2 are described with respect to FIG. 12.

[0105] FIG. 12 is a waveform diagram illustrating charg-
ing quantity characteristics of data voltages in FIG. 10.

[0106] Referring to FIG. 12, when the first gate signal
BG1 having a relatively wide pulse width is activated, the
first data voltage VD1 is applied to the first pixel section
PX1 to charge the first pixel section PX1.

[0107] Then, when the second gate signal BG2 having a
relatively narrow pulse width is activated, the second data
voltage VD2, of which polarity is opposite to that of the first
data voltage VDI, is applied to the second pixel section PX2
to charge the second pixel section PX2. The second pixel
section PX2 is easily charged due to an attractive force of the
first pixel section PX1 because the second pixel section PX2
is charged with electrical charges having an opposite polar-
ity to that of the first pixel section PX1.

[0108] As a result, when the second gate signal BG2 of
which a pulse width is narrower than that of the first gate
signal BG1 is applied to the second pixel section PX2, a
second charge quantity QC2 of the second pixel section PX2
becomes substantially the same as a first charge quantity
QC1 of the first pixel section PX1. As a result, the vertical
flickering may be prevented.

[0109] Although not illustrated, it should be understood
that the first and second charge quantities QC1 and QC2 may
also be substantially the same in the exemplary embodiment
where the first and second data voltages VD1 and VD2 have
the same polarity and the second gate signal BG2 has a
relatively wider pulse width than the first gate signal BG1.

[0110] As described above, according to the LCD device
and the method of driving the LCD device, in driving of the
LCD device having a half-reduced data line structure, a
relatively pre-charged first pixel performs a charging opera-
tion in response to a gate signal of a relatively higher level
or a gate signal of a relatively wide pulse width. Alterna-
tively, a relatively post-charged second pixel performs a
charging operation in response to a gate signal of an ordinary
level or a gate signal of an ordinary wide pulse width.
Therefore, a vertical flickering may be prevented.

[0111] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these example
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.
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What is claimed is:
1. A liquid crystal display device comprising:

a liquid crystal display panel having a first pixel section
and a second pixel section formed in regions defined by
a plurality of gate lines adjacent to each other and a
plurality of data lines adjacent to each other, the first
pixel section electrically charged at a first time point,
and the second pixel section electrically charged at a
second time point later than the first time point;

a data driver providing the data lines with data voltages;
and

a gate driver applying a first gate signal to the first pixel
section, and a second gate signal, having at least one
different characteristic from that of the first gate signal,
to the second pixel section.

2. The liquid crystal display device of claim 1, wherein
the data driver applies a first data signal to the first pixel
section, and applies a second data signal having an opposite
polarity to that of the first data signal to the second pixel
section.

3. The liquid crystal display device of claim 2, wherein an
amplitude of the first gate signal is greater than an amplitude
of the second gate signal.

4. The liquid crystal display device of claim 2, wherein a
pulse width of the first gate signal is wider than a pulse width
of the second gate signal.

5. The liquid crystal display device of claim 1, wherein
the data driver applies a first data signal to the first pixel
section, and applies a second data signal having a same
polarity as that of the first data signal to the second pixel
section.

6. The liquid crystal display device of claim 5, wherein an
amplitude of the first gate signal is smaller than an amplitude
of the second gate signal.

7. The liquid crystal display device of claim 5, wherein a
pulse width of the first gate signal is narrower than a pulse
width of the second gate signal.

8. The liquid crystal display device of claim 1, wherein
the first pixel section comprises a first switching element and
a first liquid crystal capacitor electrically connected to the
first switching element,

the second pixel section comprises a second switching
element and a second liquid crystal capacitor electri-
cally connected to the second switching element, and

each of the first and second pixel sections are commonly
connected to a storage capacitor.
9. The liquid crystal display device of claim 1, wherein
the gate driver comprises:

a first gate driver outputting the first gate signal having a
first level to a gate line electrically connected to the first
pixel section in response to a first gate-on voltage; and

a second gate driver outputting the second gate signal
having a second level to a gate line electrically con-
nected to the second pixel section in response to a
second gate-on voltage.

10. The liquid crystal display device of claim 9, further

comprising:

a timing controller outputting the first gate-on voltage and
the second gate-on voltage to the first gate driver and
the second gate driver, respectively.
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11. The liquid crystal display device of claim 9, wherein
the first level is higher than the second level.

12. The liquid crystal display device of claim 9, wherein
the first gate driver is activated by a first vertical start signal
and the second gate driver is activated by a second vertical
start signal different from the first vertical start signal.

13. The liquid crystal display device of claim 12, wherein
each of the vertical start signals is separated by a 1 H time
interval.

14. The liquid crystal display device of claim 1, wherein
the gate driver comprises:

a first gate driver outputting the first gate signal having a
first pulse width to a gate line electrically connected to
the first pixel section in response to a first output enable
signal; and

a second gate driver outputting the second gate signal
having a second pulse width to a gate line electrically
connected to the second pixel section in response to a
second output enable signal.

15. The liquid crystal display device of claim 14, wherein
the first pulse width is relatively wider than the second pulse
width.

16. The liquid crystal display device of claim 14, wherein
the first gate driver is activated by a first vertical start signal
and the second gate driver is activated by a second vertical
start signal, different from the first vertical start signal.

17. The liquid crystal display device of claim 16, wherein
the vertical start signals are separated by a 1 H time interval.

18. The liquid crystal display device of claim 14, further
comprising a timing controller outputting the first output
enable signal and the second output enable signal to the first
gate driver and the second gate driver, respectively.

19. The liquid crystal display device of claim 1, wherein
a first charge quantity of the first pixel section is substan-
tially same as a second charge quantity of the second pixel
section.

20. A method of driving a liquid crystal display device
having a liquid crystal display panel with a first pixel section
and a second pixel section formed in regions defined by a
plurality of gate lines adjacent to each other and a plurality
of data lines adjacent to each other, the method comprising:

applying data voltages to the data lines;

applying a first gate signal to a gate line electrically
connected to the first pixel section; and

applying a second gate signal, having at least one different
characteristic from that of the first gate signal, to a gate
line electrically connected to the second pixel section
after the first gate signal is applied to the gate line
electrically connected to the first pixel section.
21. The method of claim 20, wherein applying data
voltages to the data lines comprises:

applying a first data signal to the first pixel section; and

applying a second data signal, having an opposite polarity
to that of the first data signal, to the second pixel
section.

22. The method of claim 21, wherein applying a second
gate signal includes applying the second gate signal having
an amplitude less than an amplitude of the first gate signal
to the gate line electrically connected to the second pixel
section.
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23. The method of claim 21, wherein applying a second
gate signal includes applying the second gate signal having
a pulse width less than a pulse width of the first gate signal
to the gate line electrically connected to the second pixel
section.

24. The method of claim 20, wherein applying data
voltages to the data lines comprises:

applying a first data signal to the first pixel section; and

applying a second data signal, having a same polarity as

that of the first data signal, to the second pixel section.

25. The method of claim 24, wherein applying a second
gate signal includes applying the second gate signal having
an amplitude greater than an amplitude of the first gate
signal to the gate line electrically connected to the second
pixel section.

26. The method of claim 24, wherein applying a second
gate signal includes applying the second gate signal having
a pulse width greater than a pulse width of the first gate
signal to the gate line electrically connected to the second
pixel section.
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27. The method of claim 20, wherein applying the first
and second gate signals includes providing a level of the first
gate signal higher than that of the second gate signal.

28. The method of claim 27, further comprising defining
the first gate signal by a first gate-on voltage and a first
gate-off voltage, and defining the second gate signal by a
second gate-on voltage and a second gate-off voltage dif-
ferent from the first gate-on voltage and the first gate-off
voltage.

29. The method of claim 27, wherein comprising defining
the first gate signal by a first gate-on voltage and a first
gate-off voltage, and defining the second gate signal by a
second gate-on voltage different than the first gate-on volt-
age and a second gate-off voltage substantially the same as
the first gate-off voltage.

30. The method of claim 20, wherein applying a first gate
signal includes applying a first gate signal having a pulse
width wider than a pulse width of the second gate signal.
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