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Active matrix liquid crystal display panel with coupling of gate lines and data lines to pixels

which reduces crosstalk and power consumption, and method of driving the same

(57)  Aliquid crystal display (LCD) panel is disclosed.
The LCD panel includes a plurality of pixels arranged in
rows and columns, a first sub gate-line coupled to first
row-pixels that are adjacent to a lower side of the first
sub gate-line, a second sub gate-line coupled to second
row-pixels that are adjacent to an upper side of the sec-
ond sub gate-line, a plurality of gate-lines between the
first sub gate-line and the second sub gate-line, a plurality
of even data-lines coupled to first column-pixels that are
adjacent to the even data-lines, and a plurality of odd
data-lines coupled to second column-pixels that are ad-
jacent to the odd data-lines. Here, each gate-line of the
plurality of gate lines is coupled to first row-pixels that
are adjacent to a lower side of the gate-line and second
row-pixels that are adjacent to an upper side of the gate-
line.
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Description

[0001] The present invention relates to a display de-
vice. More particularly, aspects of the present invention
relate to a liquid crystal display (LCD) panel, an LCD
device, and a method of driving an LCD device.

[0002] A liquid crystal display (LCD) device displays
an image by forming an electric field (i.e., an electric po-
tential difference) between a pixel electrode and a com-
mon electrode of a liquid crystal capacitor included in
each pixel. In the liquid crystal capacitor, a liquid crystal
layer is placed between the pixel electrode and the com-
mon electrode so that light transmittance of the liquid
crystal layer is controlled by an intensity of the electric
field formed between the pixel electrode and the common
electrode. Recently, an LCD device having a thin film
transistor (TFT) as a switching element included in each
pixel has been in widespread use. This type of LCD de-
vice has been referred to as a TFT LCD device.

[0003] AnLCD device may periodically invert polarities
of data signals to reduce or prevent deterioration of the
liquid crystal capacitor included in each pixel due to po-
larization. For example, the LCD device may employ in-
version methods such as a dot inversion method, a line
inversion method, a column inversion method, a frame
inversion method, a Z-inversion method, an active level
shift (ALS) inversion method, etc. However, these inver-
sion methods may cause various problems, such as hor-
izontal crosstalk, vertical crosstalk, unnecessary power
consumption, etc.

[0004] Example embodiments provide for a liquid crys-
tal display (LCD) panel capable of reducing or preventing
horizontal crosstalk and vertical crosstalk while efficiently
reducing power consumption. Further, example embod-
iments provide for an LCD device capable of generating
a high quality image by reducing or preventing horizontal
crosstalk and vertical crosstalk while efficiently reducing
power consumption. In addition, example embodiments
provide for a method of driving an LCD device capable
ofreducing or preventing horizontal crosstalk and vertical
crosstalk while efficiently reducing power consumption.
[0005] In an exemplary embodiment according to the
present invention, a liquid crystal display (LCD) panel is
disclosed. The LCD panel includes a plurality of pixels,
a first sub gate-line, a second sub gate-line, a plurality
of gate lines, a plurality of even data lines, and a plurality
of odd data-lines. The plurality of pixels is arranged in
rows and columns. The first sub gate-line is coupled to
first row-pixels that are adjacent to a lower side of the
first sub gate-line. The second sub gate-line is coupled
to second row-pixels that are adjacent to an upper side
of the second sub gate-line. The plurality of gate-lines is
between the first sub gate-line and the second sub gate-
line. Each gate-line of the plurality of gate-lines is coupled
to first row-pixels that are adjacent to a lower side of the
gate-line and second row-pixels that are adjacent to an
upper side of the gate-line. The plurality of even data-
lines is coupled to first column-pixels that are adjacent
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to the even data-lines. The plurality of odd data-lines is
coupled to second column-pixels that are adjacent to the
odd data-lines.

[0006] The first row-pixels may include odd column
row-pixels and the second row-pixels may include even
column row-pixels. The first column-pixels may include
odd row column-pixels and the second column-pixels
may include even row column-pixels. The first column-
pixels may include even row column-pixels and the sec-
ond column-pixels may include odd row column-pixels.
The first row-pixels may include even column row-pixels
and the second row-pixels may include odd column row-
pixels. The first column-pixels may include odd row col-
umn-pixels and the second column-pixels may include
even row column-pixels. The first column-pixels may in-
clude even row column-pixels and the second column-
pixels may include odd row column-pixels.

[0007] Inanoddframe, the odd data-lines may be con-
figured to receive data signals of a first polarity and the
even data-lines may be configured to receive data signals
of a second polarity, the second polarity being opposite
to the first polarity. In an even frame, the odd data-lines
may be configured to receive data signals of the second
polarity and the even data-lines may be configured to
receive data signals of the first polarity.

[0008] Thefirstpolarity may be positive polarity relative
to a common voltage and the second polarity may be
negative polarity relative to the common voltage or vice
versa.

[0009] The LCD panel may further include a charge-
sharing control circuit configured to control the odd data-
lines to share electric charges in accordance with a
charge-sharing control signal and to control the even da-
ta-lines to share electric charges in accordance with the
charge-sharing control signal.

[0010] The charge-sharing control circuit may include
a plurality of first switches and a plurality of second
switches. The plurality of first switches is configured to
couple the odd data-lines to each other in accordance
with the charge-sharing control signal. The plurality of
second switches is configured to couple the even data-
lines to each other in accordance with the charge-sharing
control signal.

[0011] The charge-sharing control signal may be a pre
charge-sharing (PCS) signal. The first switches and the
second switches may be configured to turn on before or
after row-pixels coupled to the first sub gate-line, the sec-
ond sub gate-line, and the plurality of gate-lines are
charged.

[0012] Each of the pixels may include a switching el-
ement and a liquid crystal capacitor. The switching ele-
ment is configured to perform switching operations in ac-
cordance with a gate signal output from the first sub gate-
line, the second sub gate-line, or one of the gate-lines.
The liquid crystal capacitor may be configured to control
light transmittance of a liquid crystal layer in accordance
with a data signal output from one of the odd data-lines
or one of the even data-lines.
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[0013] The switching element may be a thin film tran-
sistor (TFT) that includes a gate terminal for receiving
the gate signal, a source terminal for receiving the data
signal, and a drain terminal for outputting the data signal
to the liquid crystal capacitor. Each of the pixels may
further include a storage capacitor configured to maintain
a charged voltage of the liquid crystal capacitor.

[0014] According to another exemplary embodiment
of the present invention, a liquid crystal display (LCD)
device is disclosed. The LCD device includes an LCD
panel, a source driver, a gate driver, and a timing con-
troller. The LCD panel is configured to apply data signals
of a same polarity to odd column row-pixels and even
column row-pixels with an interval of one horizontal pe-
riod in a row direction, and to sequentially apply data
signals of alternate polarities to column-pixels with an
interval of one horizontal period in a column direction.
The source driver is configured to provide data signals
tothe LCD panel in accordance with a data control signal.
The gate driver is configured to provide gate signals cor-
responding to a scan pulse to the LCD panel in accord-
ance with a gate control signal. The timing controller is
configured to generate the data control signal and the
gate control signal.

[0015] According to yet another exemplary embodi-
ment of the present invention, a method of driving a liquid
crystal display (LCD) device is disclosed. The method
includes: applying data signals of a same polarity to odd
column row-pixels and even column row-pixels with an
interval of one horizontal period in a row direction; se-
quentially applying data signals of alternate polarities to
column-pixels with an interval of one horizontal period in
a column direction; and inverting polarities of data signals
provided to an LCD panel with each frame.

[0016] According to example embodiments, an LCD
panel may reduce power consumption by decreasing a
pulse repetition frequency of data signals (i.e., variance
of data signals) provided to data-lines in each frame, may
reduce or prevent horizontal crosstalk by applying data
signals of the same polarity to odd column row-pixels and
even column row-pixels with an interval of one horizontal
period in a row direction, and may reduce or prevent ver-
tical crosstalk by sequentially applying data signals of
alternate polarities to column-pixels with an interval of
one horizontal period in a column direction. Here, row-
pixels describe a plurality of pixels that are common to
one row (including a subset of the pixels of one row, such
as every other pixel), and column-pixels describe a plu-
rality of pixels that are common to one column (including
a subset of the pixels of one column, such as every other
pixel).

[0017] Additionally, an LCD device having the LCD
panel may generate a high quality image by reducing or
preventing horizontal crosstalk and vertical crosstalk
while efficiently reducing power consumption. Further-
more, a method of driving an LCD device may reduce or
prevent horizontal crosstalk and vertical crosstalk while
efficiently reducing power consumption.
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[0018] Example embodiments can be understood in
more detail from the following description taken in con-
junction with the accompanying drawings.

FIG. 1is adiagram illustrating a liquid crystal display
(LCD) panel in accordance with example embodi-
ments.

FIG. 2 is a diagram illustrating a structure of each
pixel in the LCD panel of FIG. 1.

FIG. 3 is a timing diagram illustrating an example of
providing common voltages in accordance with po-
larities of data signals provided to the LCD panel of
FIG. 1.

FIG. 4 is a diagram illustrating an example of provid-
ing data signals to the LCD panel of FIG. 1 in an odd
frame.

FIGS. 5A through 5E are diagrams illustrating an ex-
ample of applying data signals to pixels of the LCD
panel of FIG. 1 in a first five horizontal periods of an
odd frame.

FIG. 6 is a diagram illustrating an example of provid-
ing data signals to the LCD panel of FIG. 1 in an
even frame.

FIGS. 7A through 7E are diagrams illustrating an ex-
ample of applying data signals to pixels of the LCD
panel of FIG. 1 in a first five horizontal periods of an
even frame.

FIG. 8 is a diagram illustrating another LCD panel in
accordance with example embodiments.

FIG. 9 is a block diagram illustrating an LCD device
in accordance with example embodiments.

FIG. 10is a flow chartillustrating a method of driving
the LCD device of FIG. 9.

FIG. 11 is a block diagram illustrating an electric de-
vice having the LCD device of FIG. 9.

[0019] Spatially relative terms, such as "beneath," "be-
low," "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 dif-
ferent 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, ele-
ments described as "lower" or "upper" can be "upper"
and "lower" respectively. Thus, the exemplary term "up-
per" can encompass both upper and lower. The device
may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0020] FIG. 1 is a diagram illustrating a liquid crystal
display (LCD) panel 100 in accordance with example em-
bodiments.

[0021] ReferringtoFIG. 1, the LCD panel 100 includes
a plurality of pixels 110, a first sub gate-line 120_1, a
second sub gate-line 120_2, a plurality of gate-lines
130_1 through 130_k, a plurality of odd data-lines 140_1
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through 140_5, and a plurality of even data-lines 150_1
through 150_5. The first sub gate-line 120_1, the second
sub gate-line 120_2, and the plurality of gate-lines 130_1
through 130_k are collectively referred to as row-lines.
In some example embodiments, the LCD panel 100 fur-
ther includes a charge-sharing control circuit 160. In the
embodiment of FIG. 1, for ease of illustration, five odd
data lines 140_1 through 140_5 and five even data lines
150_1 through 150_5 are shown and described. Howev-
er, the LCD panel 100 may contain another number of
data lines without departing from the scope of the present
invention.

[0022] An LCD device displays an image by forming
an electric field (i.e., an electric potential difference) be-
tween a pixel electrode and a common electrode of a
liquid crystal capacitor included in each pixel. In the liquid
crystal capacitor, a liquid crystal layer is placed between
the pixel electrode and the common electrode so that
light transmittance of the liquid crystal layer is controlled
by an intensity of the electric field formed between the
pixel electrode and the common electrode.

[0023] Here, if the electric field is formed between the
pixel electrode and the common electrode in one direc-
tion for a long time, the liquid crystal capacitor may de-
teriorate due to polarization. Hence, the LCD device may
periodically invert polarities of data signals to reduce or
prevent the deterioration of the liquid crystal capacitor
included in each pixel. For example, the LCD device may
employ inversion methods such as a dot inversion meth-
od, a line inversion method, a column inversion method,
a frame inversion method, a Z-inversion method, an ac-
tive level shift (ALS) inversion method, etc.

[0024] The dot inversion method inverts polarities of
data signals with respect to alternating dots. Namely, a
certain pixel receives a data signal having a polarity op-
posite to data signals received by its adjacent pixels in
both a vertical direction (i.e., a column direction) and a
horizontal direction (i.e., a row direction). The line inver-
sion method inverts polarities of data signals with respect
to alternating gate-lines (for example, rows). The column
inversion method inverts polarities of data signals with
respect to alternating data-lines (for example, columns).
The frame inversion method inverts polarities of data sig-
nals with respect to alternating frames (for example, odd
frames and even frames).

[0025] The Z-inversion method arranges a plurality of
pixels in zigzags of a column direction. Thus, the Z-in-
version method substantially performs the dot inversion
when data signals are applied to the pixels in a similar
way to the column inversion method. The ALS inversion
method substantially inverts polarities of data signals in
a similar way to the line inversion method. Here, the ALS
inversion method may reduce a voltage displacement
applied to a common electrode compared to the line in-
version method.

[0026] However, these inversion methods may result
in various problems. For example, the dotinversion meth-
od may reduce or prevent vertical crosstalk and/or hori-
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zontal crosstalk because a certain pixel receives a data
signal having a polarity opposite to data signals received
by its adjacent pixels in a vertical direction (i.e., a column
direction) and a horizontal direction (i.e., a row direction).
However, the dot inversion method may consume high
power because a pulse repetition frequency of data sig-
nals (i.e., variance of data signals) is relatively high as
the dotinversion method inverts polarities of data signals
with respect to alternating dots.

[0027] In comparison, the line inversion method may
reduce power consumption compared to the dot inver-
sion method because a pulse repetition frequency of data
signals (i.e., variance of data signals) is decreased. How-
ever, the line inversion method may cause horizontal
crosstalk because the line inversion method inverts po-
larities of data signals with respect to alternating gate-
lines. The column inversion method may also reduce
power consumption compared to the dot inversion meth-
od because a pulse repetition frequency of data signals
(i.e., variance of data signals) is decreased. However,
the column inversion method may cause vertical cross-
talk because the column inversion method inverts polar-
ities of data signals with respect to alternating data-lines.
[0028] As for the other inversion methods mentioned
above, the frame inversion method may cause flickers
when frames are changed because the frame inversion
method inverts polarities of data signals with respect to
alternating frames. By contrast, the Z-inversion method
may reduce power consumption compared to the dot in-
version method because the Z-inversion method applies
data signals to the pixels in a similar way to the column
inversion method. However, the Z-inversion method may
cause vertical stripes in case that data signals have spe-
cific patterns. Finally, the ALS inversion method may re-
duce power consumption compared to the line inversion
method because a voltage displacement applied to a
common electrode is small compared to the line inversion
method. However, the ALS inversion method may cause
horizontal crosstalk because the ALS inversion method
inverts polarities of data signals with respect to alternat-
ing gate-lines.

[0029] For overcoming various problems of these in-
version methods, the LCD panel 100 includes the pixels
110, the first sub gate-line 120_1, the second sub gate-
line 120_2, the gate-lines 130_1 through 130_k, the odd
data-lines 140_1 through 140_5, and the even data-lines
150_1 through 150_5. The pixels 110 are arranged in a
matrix manner (that is, in rows and columns) at portions
corresponding to crossing regions of the first sub gate-
line 120_1, the second sub gate-line 120_2, the gate-
lines 130_1 through 130_k, the odd data-lines 140_1
through 140_5, and the even data-lines 150_1 through
150_5.

[0030] Here, each of the pixels 110 is coupled to the
first sub gate-line 120_1, the second sub gate-line 120_2,
or one of the gate-lines 130_1 through 130_k via a gate
terminal of its switching element (e.g., a TFT). Addition-
ally, each of the pixels 110 is coupled to one of the odd
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data-lines 140_1 through 140_5 or one of the even data-
lines 150_1 through 150_5 via a source terminal of its
switching element. As a result, each of the pixels 110
receives a gate signal (i.e., a scan pulse) output from the
firstsub gate-line 120_1, the second sub gate-line 120_2,
or one of the gate-lines 130_1 through 130_k via the gate
terminal of its switching element and receives a data sig-
nal output from one of the odd data-lines 140_1 through
140_5 or one of the even data-lines 150_1 through 150_5
via the source terminal of its switching element.

[0031] Insomeexample embodiments, each of the pix-
els 110includes a thinfilm transistor (TFT, i.e., the switch-
ing element), a liquid crystal capacitor, and a storage
capacitor. Here, the liquid crystal capacitor includes a
pixel electrode for receiving the data signal, a common
electrode for receiving the common voltage, and a liquid
crystal layer placed between the pixel electrode and the
common electrode. See, for example, the representative
pixelin FIG. 2. The liquid crystal layerincludes a dielectric
anisotropy material.

[0032] Inthe embodiment of FIG. 1, the first sub gate-
line 120_1 and the second sub gate-line 120_2 are
placed at peripheries of the display area, with the gate-
lines 130_1 through 130_k therebetween. In one exam-
ple embodiment, the first sub gate-line 120_1 is coupled
to first row-pixels that are adjacent to a lower side of the
first sub gate-line 120_1. Here, "row-pixels" describe a
plurality of pixels that are common to one row, including
a subset of the pixels of one row (such as every other
pixel). For example, in one embodiment, first row-pixels
correspond to (for example, are or include) the odd col-
umn row-pixels (that is, those pixels in one row that are
also in the odd columns). Likewise, the second sub gate-
line 120_2 is coupled to second row-pixels that are ad-
jacentto an upper side of the second sub gate-line 120_2.
For example, in one embodiment, second row-pixels cor-
respond to (for example, are or include) even column
row-pixels (that is, those pixels in one row that are also
in the even columns).

[0033] The gate-lines 130_1 through 130_k are locat-
ed (for example, placed) between the first sub gate-line
120_1 and the second sub gate-line 120_2. Further, each
gate-line of the gate-lines 130_1 through 130_k is cou-
pled to second row-pixels that are adjacent to an upper
side of the gate-line and to first row-pixels that are adja-
cent to a lower side of the gate-line.

[0034] In other words, each gate-line of the gate-lines
130_1 through 130_k is coupled to the pixels 110 in zig-
zag fashion proceeding in the row direction along the
gate-line (that is, the gate-line is alternately coupled to a
pixel 110 above the gate-line and to a pixel 110 below
the gate-line). Here, as described above, first row-pixels
correspond to (for example, are or include) odd column
row-pixels and second row-pixels correspond to (for ex-
ample, are or include) even column row-pixels.

[0035] Thatis, the first sub gate-line 120_1 is coupled
to odd column row-pixels that are adjacent to a lower
side of the first sub gate-line 120_1, the second sub gate-
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line 120_2 is coupled to even column row-pixels that are
adjacent to an upper side of the second sub gate-line
120_2, and each gate-line of the gate-lines 130_1
through 130_k is coupled to even column row-pixels that
are adjacent to an upper side of the gate-line and to odd
column row-pixels that are adjacent to a lower side of the
gate-line.

[0036] Inthe embodimentofFIG. 1, the pixels 110 cou-
pled to the odd data-lines 140_1 through 140_5 are dif-
ferent from the pixels 110 coupled to the even data-lines
150_1 through 150_5. In other words, when the odd data-
lines 140_1 through 140_5 are coupled to second col-
umn-pixels, then the even data-lines 150_1 through
150_5 are coupled to first column-pixels. Here, "column-
pixels" describe a plurality of pixels that are common to
one column, including a subset of the pixels of one col-
umn. For example, in one embodiment, first column-pix-
els correspond to (for example, are or include) odd row
column-pixels (that is, those pixels in one column that
are also in the odd rows) while second column-pixels
correspond to (for example, are or include) even row col-
umn-pixels (that is, those pixels in one column that are
also in the even rows).

[0037] In other embodiments, first column-pixels cor-
respond to (forexample, are orinclude) even row column-
pixels while second column-pixels correspond to (for ex-
ample, are or include) odd row column-pixels. In FIG. 1,
it is illustrated that the odd data-lines 140_1 through
140_5 are coupled to even row column-pixels and that
the even data-lines 150_1 through 150_5 are coupled to
odd row column-pixels.

[0038] As described above, each of the pixels 110 is
coupled to the first sub gate-line 120_1, the second sub
gate-line 120_2, or one of the gate-lines 130_1 through
130_k via a gate terminal of its switching element (e.g.,
a TFT). In addition, each of the pixels 110 is coupled to
one of the odd data-lines 140_1 through 140_5 or one
of the even data-lines 150_1 through 150_5 via a source
terminal of its switching element (e.g., a TFT).

[0039] Ineach frame, data signals of a first polarity are
applied to the odd data-lines 140_1 through 140_5 and
data signals of a second polarity (i.e., opposite to the first
polarity) are applied to the even data-lines 150_1 through
150_5. As a result, data signals of the same polarity are
applied to odd column row-pixels and even column row-
pixels with an interval of one horizontal period in the row
direction.

[0040] In addition, data signals of alternate polarities
are sequentially applied to column-pixels with an interval
of one horizontal period in a column direction. That is,
the LCD panel 100 substantially receives data signals in
a similar way to the column inversion method. For exam-
ple, in an odd frame, the odd data-lines 140_1 through
140_5 receive data signals of a first polarity while the
even data-lines 150_1 through 150_5 receive data sig-
nals of asecond polarity. Subsequently, inan even frame,
the odd data-lines 140_1 through 140_5 receive data sig-
nals of the second polarity while the even data-lines
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150_1 through 150_5 receive data signals of the first po-
larity. The LCD panel 100 may further include the charge-
sharing control circuit 160. The charge-sharing control
circuit 160 controls the odd data-lines 140_1 through
140_5 to share electric charges and controls the even
data-lines 150_1 through 150_5 to share electric charg-
es. Inone example embodiment, the charge-sharing con-
trol circuit 160 includes a plurality of first switches OST
and a plurality of second switches EST. The first switches
OST couple the odd data-lines 140_1 through 140_5 to
each other in accordance with a charge-sharing control
signal CSC. Likewise, the second switches EST couple
the even data-lines 150_1 through 150_5 to each other
in accordance with the charge-sharing control signal
CSC.

[0041] For example, in one example embodiment, the
charge-sharing control signal CSC is a pre charge-shar-
ing (PCS) signal. In addition, the first switches OST and
the second switches EST turn on before the pixels 110
coupledtotherow-lines (i.e., thefirst sub gate-line 120_1,
the second sub gate-line 120_2, and the gate-lines 130_1
through 130_k) are charged. In another example embod-
iment, the first switches OST and the second switches
EST turn on after the pixels 110 coupled to the row-lines
are charged. Thus, the odd data-lines 140_1 through
140_5 share electric charges and the even data-lines
150_1 through 150_5 share electric charges.

[0042] In one example embodiment, the first switches
OST and the second switches EST are implemented by
n-channel metal oxide semiconductor (NMOS) transis-
tors. In this case, when the charge-sharing control signal
CSC has a logic "high" voltage level, the first switches
OST and the second switches EST turn on. Accordingly,
the odd data-lines 140_1 through 140_5 are coupled to
each other and the even data-lines 150_1 through 150_5
are coupled to each other.

[0043] In another example embodiment, the first
switches OST and the second switches EST are imple-
mented by p-channel metal oxide semiconductor
(PMOS) transistors. In this case, when the charge-shar-
ing control signal CSC has a logic "low" level, the first
switches OST and the second switches EST turn on. Ac-
cordingly, the odd data-lines 140_1 through 140_5 are
coupled to each other and the even data-lines 150_1
through 150_5 are coupled to each other.

[0044] The LCD panel 100 having the charge-sharing
control circuit 160 may reduce power consumptionin cas-
es such as when data signals have fickle patterns and
may enhance charging-characteristics of the pixels 110
to have high performance. In FIG. 1, it is illustrated that
the LCD panel 100 includes the charge-sharing control
circuit 160. However, the charge-sharing control circuit
160 may be embedded in an integrated circuit (IC) in
other embodiments.

[0045] As described above, an LCD device may peri-
odically invert polarities of data signals to reduce or pre-
vent deterioration of a liquid crystal capacitor included in
each of the pixels 110. Here, since the LCD panel 100
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has a unique structure as illustrated in FIG. 1, the LCD
panel 100 may reduce power consumption by applying
data signals of a first polarity to odd data-lines and by
applying data signals of a second polarity (i.e., opposite
to the first polarity) to even data-lines in each frame.
[0046] In addition, the LCD panel 100 may reduce or
prevent horizontal crosstalk by applying data signals of
the same polarity to odd column row-pixels and even
column row-pixels with an interval of one horizontal pe-
riod in a row direction. Further, the LCD panel 100 may
reduce or prevent vertical crosstalk by sequentially ap-
plying data signals of alternate polarities to column-pixels
with an interval of one horizontal period in a column di-
rection.

[0047] Inone example embodiment, each of the pixels
110 generates one of a red color, a green color, a blue
color, etc. Inthis case, the LCD panel 100 further includes
a plurality of red filters, a plurality of green filters, a plu-
rality of blue filters, etc., on the pixels 110. In another
example embodiment, each of the pixels 110 generates
one of a yellow color, a cyan color, a magenta color, etc.
In this case, the LCD panel 100 furtherincludes a plurality
of yellow filters, a plurality of cyan filters, a plurality of
magenta filters, etc., on the pixels 110. Hence, the LCD
panel 100 may display an image by generating various
colors in accordance with a space-division method or a
time-division method.

[0048] FIG. 2 is a diagram illustrating a structure of
each pixel 110 in the LCD panel 100 of FIG. 1.

[0049] Referring to FIG. 2, each of the pixels 110 in-
cludes a switching element Q, a liquid crystal capacitor
CLC, and a storage capacitor CST. In some example
embodiments, the switching element Q may correspond
to (for example, be) a thin film transistor (TFT) using
amorphous silicon.

[0050] In the embodiment of FIG. 2, the switching el-
ement Q is placed on a lower display substrate. The
switching element Q (e.g., a TFT) provides a data signal
to the liquid crystal capacitor CLC in response to a gate
signal.

[0051] Asiillustrated in FIG. 2, the gate signal is input
from a gate-line GL and the data signal is input from a
data-line DL. The switching element Q is coupled to the
gate-line GL via its gate terminal, to the data-line DL via
its source terminal, and to the liquid crystal capacitor CLC
via its drain terminal.

[0052] The liquid crystal capacitor CLC is charged by
a voltage difference between the data signal and a com-
mon voltage. The data signal is applied to a pixel elec-
trode DE ofthe liquid crystal capacitor CLC. The common
voltage is applied to a common electrode CE of the liquid
crystal capacitor CLC.

[0053] As described above, a liquid crystal layer is
placed between the pixel electrode DE and the common
electrode CE. Hence, the light transmittance of the liquid
crystal layer is controlled by an intensity of the electric
field formed between the pixel electrode DE and the com-
mon electrode CE. This electric field intensity is also re-
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ferred to as a charged voltage.

[0054] In case of a normally black mode, for example,
the light transmittance of the liquid crystal layer may in-
crease as the intensity of the electric field formed be-
tween the pixel electrode DE and the common electrode
CE increases. On the other hand, the light transmittance
of the liquid crystal layer may decrease as the intensity
of the electric field formed between the pixel electrode
DE and the common electrode CE decreases.

[0055] Insome example embodiments, the liquid crys-
tal capacitor CLC includes the pixel electrode DE formed
on the lower display substrate, the common electrode
CE formed on an upper display substrate, and the liquid
crystal layer placed between the pixel electrode DE and
the common electrode CE. However, the structure of the
liquid crystal capacitor CLC is not limited thereto.
[0056] For example, the common electrode CE of the
liquid crystal capacitor CLC may be formed on the lower
display substrate. In this case, the common electrode CE
may receive the common voltage from a signal line
formed on the lower display substrate. In addition, the
pixel electrode DE is coupled to the drain terminal of the
switching element Q so that the pixel electrode DE re-
ceives the data signal from the data-line DL coupled to
the source terminal of the switching element Q.

[0057] In one example embodiment, a low common
voltage is applied to the pixels 110 when a data signal
of positive polarity is applied to the pixels 110. On the
other hand, ahigh common voltage is applied to the pixels
110 when a data signal of negative polarity is applied to
the pixels 110. As a result, the charged voltage (i.e., the
intensity of the electric field formed between the pixel
electrode DE and the common electrode CE) is greater
than a voltage level of the data signal so that power con-
sumption may be substantially reduced.

[0058] The storage capacitor CST maintains the
charged voltage of the liquid crystal capacitor CLC. That
is, the storage capacitor CST assists the liquid crystal
capacitor CLC. The storage capacitor CST may be
formed by placing an insulator between the pixel elec-
trode DE and the signal line.

[0059] In some example embodiments, the pixels 110
do notinclude the storage capacitor CST. The color filters
may be arranged on the upper display substrate. Polar-
izing plates may be attached to the upper display sub-
strate and/or the lower display substrate.

[0060] FIG. 3 is atiming diagram illustrating an exam-
ple of providing common voltages in accordance with po-
larities of data signals provided to the LCD panel 100 of
FIG. 1.

[0061] Referring to FIG. 3, a frame (i.e., a first frame
1F and a second frame 2F following the first frame 1F)
includes a plurality of horizontal periods 1H through 8H.
For ease of illustration, in each of the exemplary frames
1F and 2F of FIG. 3, eight horizontal periods are shown
and described. However, the frame may contain another
number of horizontal periods without departing from the
spirit or scope of the present invention. Here, the first
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frame 1F corresponds to an odd frame and the second
frame 2F corresponds to an even frame. As described
above, the LCD panel 100 displays an image in a frame
unit. Hence, the LCD panel 100 generates an image by
sequentially displaying a plurality of frames.

[0062] The first frame 1F includes eight horizontal pe-
riods 1H through 8H. When gate signals (i.e., a scan
pulse) are applied to the first sub gate-line 120_1, the
gate-lines 130_1 through 130_k, and the second sub
gate-line 120_2 in the first frame 1F, data signals output
from the odd data-lines 140_1 through 140_5 and the
even data-lines 150_1 through 150_5 are applied to odd
column row-pixels and even column row-pixels, as illus-
trated in FIG. 1.

[0063] Here, a low common voltage VCOM_L is ap-
plied to the pixels 110 when data signals of positive po-
larity are applied to the pixels 110. On the other hand, a
high common voltage VCOM_H is applied to the pixels
110 when data signals of negative polarity are applied to
the pixels 110.

[0064] In detail, when data signals of positive polarity
are applied to the odd data-lines 140_1 through 140_5
in the first frame 1F, the low common voltage VCOM_L
is applied to the common electrodes of the pixels 110
coupled to the odd data-lines 140_1 through 140_5 (that
is, the pixels in even rows, as illustrated in the LCD panel
100 of FIG. 1). On the other hand, when data signals of
negative polarity are applied to the even data-lines 150_1
through 150_5 in the first frame 1F, the high common
voltage VCOM_H is applied to the common electrodes
of the pixels 110 coupled to the even data-lines 150_1
through 150_5 (that is, the pixels in odd rows, as illus-
trated in FIG. 1).

[0065] Similarly, when data signals of negative polarity
are applied to the odd data-lines 140_1 through 140_5
in the second frame 2F, the high common voltage
VCOM_H is applied to the common electrodes of the
pixels 110 coupled to the odd data-lines 140_1 through
140_5 (the pixels in even rows). On the other hand, when
data signals of positive polarity are applied to the even
data-lines 150_1 through 150_5 in the second frame 2F,
the low common voltage VCOM_L is applied to the com-
mon electrodes of the pixels 110 coupled to the even
data-lines 150_1 through 150_5 (the pixels in odd rows).
[0066] Therefore, charged voltages of the liquid crystal
capacitors CLC in the pixels 110 may be greater than
voltage levels of data signals provided to the pixels 110.
As described above, the LCD panel 100 may substan-
tially receive the low common voltage VCOM_L and the
high common voltage VCOM_H in a similar way to the
ALS inversion method (i.e., common voltages applied to
the odd data-lines 140_1 through 140_5 and the even
data-lines 150_1 through 150_5 may be inverted with
each frame). Thus, power consumption of the LCD panel
100 may be reduced compared to the earlier described
inversion methods.

[0067] FIG. 4 is a diagram illustrating an example of
providing data signals to the LCD panel 100 of FIG. 1 in
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an odd frame 1F.

[0068] Referring to FIG. 4, when an LCD device pro-
vides data signals to the data-lines DL1 through DL8 of
the LCD panel 100 in the odd frame 1F, the LCD device
provides data signals of a first polarity (e.g., positive po-
larity) to the odd data-lines 140_1 through 140_4 and
provides data signals of a second polarity (e.g., negative
polarity) to the even data-lines 150_1 through 150_4. In
FIG. 4, for ease of illustration, the first eight data lines
DL1 through DL8 (corresponding to odd data-lines 140_1
through 140_4 and evendatalines 150_1 through 150_4)
and the first eight horizontal periods 1H through 8H are
shown and described. However, there may be another
number of data lines and horizontal periods without de-
parting from the spirit or scope of the present invention.
[0069] In other words, the data-lines DL1 through DL8
are divided into the odd data-lines 140_1 through 140_4
and the even data-lines 150_1 through 150_4 in terms
of operations. For example, in the odd frame 1F, the LCD
device provides data signals of positive polarity to the
odd data-lines 140_1 through 140_4 and provides data
signals of negative polarity to the even data-lines 150_1
through 150_4.

[0070] Asdescribed above, the LCD device inverts po-
larities of data signals with each frame. Therefore, in the
even frame 2F following the odd frame 1F, the LCD de-
vice provides data signals of negative polarity to the odd
data-lines 140_1 through 140_4 and provides data sig-
nals of positive polarity to the even data-lines 150_1
through 150_4.

[0071] However, a polarity pattern as displayed on the
LCD panel 100 may be different from a polarity pattern
as applied to the data-lines DL1 through DL8. Here, a
driver polarity pattern indicates the polarity pattern as
applied to the data-lines DL1 through DL8 (for example,
odd data-lines receiving data signals of positive polarity
and even data-lines receiving data signals of negative
polarity), and an apparent polarity pattern indicates the
polarity pattern as displayed on the LCD panel 100 (for
example, pixels in odd rows receiving data signals of neg-
ative polarity and pixels in even rows receiving data sig-
nals of positive polarity, which is both rotated and inverted
from the driver polarity pattern shown in FIG. 4).

[0072] Forexample, a driver polarity pattern of the em-
bodiment of the present invention shown in FIGS. 3 (odd
frame 1F) and 4 is similar to a driver polarity pattern of
the column inversion method (as illustrated in FIG. 4).
On the other hand, because of the characteristics of this
embodiment of the present invention, namely that data
signals are applied to odd column row-pixels and even
column row-pixels with an interval of one horizontal pe-
riod in a row direction, an apparent polarity pattern of the
embodiment of FIGS. 3 (odd frame 1F) and 4 of the
presentinvention is similar to an apparent polarity pattern
of the ALS inversion method and the line inversion meth-
od (as illustrated in FIGS. 5A through 5E).

[0073] FIGS. 5A through 5E are diagrams illustrating
an example of applying data signals to pixels of the LCD
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panel 100 of FIG. 1 in a first five horizontal periods 1H
through 5H, respectively, of an odd frame 1F.

[0074] Referring to FIG. 5A, a gate signal for turning
on TFTs of the pixels 110 coupled to the first sub gate-
line 120_1 is provided during a first horizontal period 1H.
Since the first sub gate-line 120_1 is coupled to odd col-
umn row-pixels among the pixels 110 that constitute a
first row, data signals are applied to the odd column row-
pixels among the pixels 110 that constitute the first row.
[0075] As illustrated in FIG. 5A, the odd column row-
pixels among the pixels 110 that constitute the first row
are coupled to the even data-lines 150_1 through 150_5.
In the odd frame 1F, data signals applied to the even
data-lines 150_1 through 150_5 have negative polarity.
Thus, the odd column row-pixels among the pixels 110
that constitute the first row receive data signals of neg-
ative polarity during the first horizontal period 1H. As a
result, horizontal crosstalk may be reduced or prevented
because data signals of the same polarity are not applied
to adjacent row-pixels at the same time during the first
horizontal period 1H.

[0076] Referring to FIG. 5B, a gate signal for turning
on TFTs of the pixels 110 coupled to the first gate-line
130_1 is provided during a second horizontal period 2H.
Since the first gate-line 130_1 is coupled to even column
row-pixels among the pixels 110 that constitute the first
row and to odd column row-pixels among the pixels 110
that constitute a second row, data signals are applied to
the even column row-pixels among the pixels 110 that
constitute the first row and to the odd column row-pixels
among the pixels 110 that constitute the second row.
[0077] Asiillustrated in FIG. 5B, the even column row-
pixels among the pixels 110 that constitute the first row
are coupled to the even data-lines 150_1 through 150_4.
In the odd frame 1F, data signals applied to the even
data-lines 150_1 through 150_4 have negative polarity.
Thus, the even column row-pixels among the pixels 110
that constitute the first row receive data signals of neg-
ative polarity during the second horizontal period 2H.
[0078] Further, as illustrated in FIG. 5B, the odd col-
umn row-pixels among the pixels 110 that constitute the
second row are coupled to the odd data-lines 140_1
through 140_5. In the odd frame 1F, data signals applied
to the odd data-lines 140_1 through 140_5 have positive
polarity. Thus, the odd column row-pixels among the pix-
els 110 that constitute the second row receive data sig-
nals of positive polarity during the second horizontal pe-
riod 2H.

[0079] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the second horizontal period 2H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
first row of pixels in FIG. 5B). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0080] Referring to FIG. 5C, a gate signal for turning
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on TFTs of the pixels 110 coupled to the second gate-
line 130_2 is provided during a third horizontal period 3H.
Since the second gate-line 130_2 is coupled to even col-
umn row-pixels among the pixels 110 that constitute the
second row to and odd column row-pixels among the
pixels 110 that constitute a third row, data signals are
applied to the even column row-pixels among the pixels
110 that constitute the second row and to the odd column
row-pixels among the pixels 110 that constitute the third
row.

[0081] As illustrated in FIG. 5C, the even column row-
pixels among the pixels 110 that constitute the second
row are coupled to the odd data-lines 140_2 through
140_5. In the odd frame 1F, data signals applied to the
odd data-lines 140_2 through 140_5 have positive po-
larity. Thus, the even column row-pixels among the pixels
110 that constitute the second row receive data signals
of positive polarity during the third horizontal period 3H.
[0082] Further, as illustrated in FIG. 5C, the odd col-
umn row-pixels among the pixels 110 that constitute the
third row are coupled to the even data-lines 150_1
through 150_5. In the odd frame 1F, data signals applied
to the even data-lines 150_1 through 150_5 have nega-
tive polarity. Thus, the odd column row-pixels among the
pixels 110 that constitute the third row receive data sig-
nals of negative polarity during the third horizontal period
3H.

[0083] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the third horizontal period 3H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
second row of pixels in FIG. 5C). Further, vertical cross-
talk may be reduced or prevented because data signals
of opposite polarities are applied to adjacent column-pix-
els.

[0084] Referring to FIG. 5D, a gate signal for turning
on TFTs of the pixels 110 coupled to the third gate-line
130_3 is provided during a fourth horizontal period 4H.
Since the third gate-line 130_3is coupled to even column
row-pixels among the pixels 110 that constitute the third
row and to odd column row-pixels among the pixels 110
that constitute a fourth row, data signals are applied to
the even column row-pixels among the pixels 110 that
constitute the third row and to the odd column row-pixels
among the pixels 110 that constitute the fourth row.
[0085] As illustrated in FIG. 5D, the even column row-
pixels among the pixels 110 that constitute the third row
are coupled to the even data-lines 150_1 through 150_4.
In the odd frame 1F, data signals applied to the even
data-lines 150_1 through 150_4 have negative polarity.
Thus, the even column row-pixels among the pixels 110
that constitute the third row receive data signals of neg-
ative polarity during the fourth horizontal period 4H.
[0086] Further, as illustrated in FIG. 5D, the odd col-
umn row-pixels among the pixels 110 that constitute the
fourth row are coupled to the odd data-lines 140_1

10

15

20

25

30

35

40

45

50

55

through 140_5. In the odd frame 1F, data signals applied
to the odd data-lines 140_1 through 140_5 have positive
polarity. Thus, the odd column row-pixels among the pix-
els 110 that constitute the fourth row receive data signals
of positive polarity during the fourth horizontal period 4H.
[0087] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the fourth horizontal period 4H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
third row of pixels in FIG. 5D). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0088] Referring to FIG. 5E, a gate signal for turning
on TFTs of the pixels 110 coupled to the fourth gate-line
130_4 is provided during a fifth horizontal period 5H.
Since the fourth gate-line 130_4 is coupled to even col-
umn row-pixels among the pixels 110 that constitute the
fourth row, data signals are applied to the even column
row-pixels among the pixels 110 that constitute the fourth
row.

[0089] Asiillustrated in FIG. 5E, the even column row-
pixels among the pixels 110 that constitute the fourth row
are coupled to the odd data-lines 140_2 through 140_5.
As described above, even column row-pixels among the
pixels 110 that constitute the fourth row receive data sig-
nals of positive polarity during the fifth horizontal period
5H of the odd frame 1F. Further, though not specifically
illustrated in FIG. 5E, odd column row-pixels among the
pixels 110 that constitute a fifth row receive data signals
of negative polarity during the fifth horizontal period 5H.
[0090] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the fifth horizontal period 5H (that is, adjacent row-
pixels receiving data signals of the same polarity do so
during different horizontal periods, as illustrated in the
fourth row of pixels in FIG. 5E). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0091] This process continues until the odd frame 1F
is finished by applying a gate signal for turning on TFTs
of the pixels 110 coupled to the second sub gate-line
120_2. Then, polarities of data signals are inverted when
the LCD device changes a display frame from the odd
frame 1F to the even frame 2F. Hence, polarities of data
signals in the odd frame 1F are opposite to polarities of
data signals in the even frame 2F following the odd frame
1F.

[0092] As illustrated in FIGS. 5A through 5E, a driver
polarity pattern of the embodiment of the present inven-
tion shown in FIGS. 3 (odd frame 1F) and 4 is similar to
a driver polarity pattern of the column inversion method
(as displayed in FIG. 4). In addition, because of the char-
acteristics of this embodiment of the present invention,
namely that data signals are applied to odd column row-
pixels and even column row-pixels with an interval of one
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horizontal period in a row direction, an apparent polarity
pattern of the embodiment of FIGS. 3 (odd frame 1F) and
4 ofthe presentinvention is similar to an apparent polarity
pattern ofthe ALS inversion method and the line inversion
method.

[0093] FIG. 6 is a diagram illustrating an example of
providing data signals to the LCD panel 100 of FIG. 1 in
an even frame 2F.

[0094] Referring to FIG. 6, when an LCD device pro-
vides data signals to the data-lines DL1 through DL8 of
the LCD panel 100 in the even frame 2F, the LCD device
provides data signals of a second polarity (e.g., negative
polarity) to the odd data-lines 140_1 through 140_4 and
provides data signals of a first polarity (e.g., positive po-
larity) to the even data-lines 150_1 through 150_4. In
FIG. 6, for ease of illustration, the first eight data lines
DL1 through DL8 (corresponding to odd data-lines 140_1
through 140_4 and even datalines 150_1 through 150_4)
and the first eight horizontal periods 1H through 8H are
shown and described. However, there may be another
number of data lines and horizontal periods without de-
parting from the spirit or scope of the present invention.
[0095] In other words, the data-lines DL1 through DL8
are divided into the odd data-lines 140_1 through 140_4
and the even data-lines 150_1 through 150_4 in terms
of operations. For example, in the even frame 2F, the
LCD device provides data signals of negative polarity to
the odd data-lines 140_1 through 140_4 and provides
data signals of positive polarity to the even data-lines
150_1 through 150_4.

[0096] Asdescribed above, the LCD device inverts po-
larities of data signals with each frame. Therefore, in the
first frame 1F following the second frame 2F, the LCD
device provides data signals of positive polarity to the
odd data-lines 140_1 through 140_4 and provides data
signals of negative polarity to the even data-lines 150_1
through 150_4.

[0097] However, a polarity pattern as displayed on the
LCD panel 100 may be different from a polarity pattern
as applied to the data-lines DL1 through DL8. Here, a
driver polarity pattern indicates the polarity pattern as
applied to the data-lines DL1 through DL8 (for example,
odd data-lines receiving data signals of negative polarity
and even data-lines receiving data signals of positive po-
larity), and an apparent polarity pattern indicates the po-
larity pattern as displayed on the LCD panel 100 (for ex-
ample, pixels in odd rows receiving data signals of pos-
itive polarity and pixels in even rows receiving data sig-
nals of negative polarity, which is both rotated and invert-
ed from the driver polarity pattern shown in FIG. 6).
[0098] Forexample, a driver polarity pattern of an em-
bodiment of the presentinvention shownin FIGS. 3 (even
frame 2F) and 6 is similar to a driver polarity pattern of
the column inversion method (as illustrated in FIG. 6).
On the other hand, because of the characteristics of this
embodiment of the present invention, namely that data
signals are applied to odd column row-pixels and even
column row-pixels with an interval of one horizontal pe-
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riod in a row direction, an apparent polarity pattern of the
embodiment of FIGS. 3 (even frame 2F) and 6 of the
presentinvention is similar to an apparent polarity pattern
of the ALS inversion method and the line inversion meth-
od (as illustrated in FIGS. 7A through 7E).

[0099] FIGS. 7A through 7E are diagrams illustrating
an example of applying data signals to pixels of the LCD
panel 100 of FIG. 1 in a first five horizontal periods 1H
through 5H, respectively, of an even frame 2F.

[0100] Referring to FIG. 7A, a gate signal for turning
on TFTs of the pixels 110 coupled to the first sub gate-
line 120_1 is provided during a first horizontal period 1H.
Since the first sub gate-line 120_1 is coupled to odd col-
umn row-pixels among the pixels 110 that constitute a
first row, data signals are applied to the odd column row-
pixels among the pixels 110 that constitute the first row.
[0101] Asiillustrated in FIG. 7A, the odd column row-
pixels among the pixels 110 that constitute the first row
are coupled to the even data-lines 150_1 through 150_5.
In the even frame 2F, data signals applied to the even
data-lines 150_1 through 150_5 have positive polarity.
Thus, the odd column row-pixels among the pixels 110
that constitute the firstrow receive data signals of positive
polarity during the first horizontal period 1H. As a result,
horizontal crosstalk may be reduced or prevented be-
cause data signals of the same polarity are not applied
to adjacent row-pixels at the same time during the first
horizontal period 1H.

[0102] Referring to FIG. 7B, a gate signal for turning
on TFTs of the pixels 110 coupled to the first gate-line
130_1 is provided during a second horizontal period 2H.
Since the first gate-line 130_1 is coupled to even column
row-pixels among the pixels 110 that constitute the first
row and to odd column row-pixels among the pixels 110
that constitute a second row, data signals are applied to
the even column row-pixels among the pixels 110 that
constitute the first row and to the odd column row-pixels
among the pixels 110 that constitute the second row.
[0103] Asiillustrated in FIG. 7B, the even column row-
pixels among the pixels 110 that constitute the first row
are coupled to the even data-lines 150_1 through 150_4.
In the even frame 2F, data signals applied to the even
data-lines 150_1 through 150_4 have positive polarity.
Thus, the even column row-pixels among the pixels 110
that constitute the first row receive data signals of positive
polarity during the second horizontal period 2H.

[0104] Further, as illustrated in FIG. 7B, the odd col-
umn row-pixels among the pixels 110 that constitute the
second row are coupled to the odd data-lines 140_1
through 140_5. Inthe evenframe 2F, data signals applied
to the odd data-lines 140_1 through 140_5 have negative
polarity. Thus, the odd column row-pixels among the pix-
els 110 that constitute the second row receive data sig-
nals of negative polarity during the second horizontal pe-
riod 2H.

[0105] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
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during the second horizontal period 2H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
first row of pixels in FIG. 7B). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0106] Referring to FIG. 7C, a gate signal for turning
on TFTs of the pixels 110 coupled to the second gate-
line 130_2 is provided during a third horizontal period 3H.
Since the second gate-line 130_2 is coupled to even col-
umn row-pixels among the pixels 110 that constitute the
second row and to odd column row-pixels among the
pixels 110 that constitute a third row, data signals are
applied to the even column row-pixels among the pixels
110 that constitute the second row and to the odd column
row-pixels among the pixels 110 that constitute the third
row.

[0107] As illustratedin FIG. 7C, the even column row-
pixels among the pixels 110 that constitute the second
row are coupled to the odd data-lines 140_2 through
140_5. In the even frame 2F, data signals applied to the
odd data-lines 140_2 through 140_5 have negative po-
larity. Thus, the even column row-pixels among the pixels
110 that constitute the second row receive data signals
of negative polarity during the third horizontal period 3H.
[0108] Further, as illustrated in FIG. 7C, the odd col-
umn row-pixels among the pixels 110 that constitute the
third row are coupled to the even data-lines 150_1
through 150_5. Inthe evenframe 2F, data signals applied
tothe even data-lines 150_1 through 150_5 have positive
polarity. Thus, the odd column row-pixels among the pix-
els 110 that constitute the third row receive data signals
of positive polarity during the third horizontal period 3H.
[0109] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the third horizontal period 3H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
second row of pixels in FIG. 7C). Further, vertical cross-
talk may be reduced or prevented because data signals
of opposite polarities are applied to adjacent column-pix-
els.

[0110] Referring to FIG. 7D, a gate signal for turning
on TFTs of the pixels 110 coupled to the third gate-line
130_3 is provided during a fourth horizontal period 4H.
Since the third gate-line 130_3 is coupled to even column
row-pixels among the pixels 110 that constitute the third
row and to odd column row-pixels among the pixels 110
that constitute a fourth row, data signals are applied to
the even column row-pixels among the pixels 110 that
constitute the third row and to the odd column row-pixels
among the pixels 110 that constitute the fourth row.
[0111] Asillustrated in FIG. 7D, the even column row-
pixels among the pixels 110 that constitute the third row
are coupled to the even data-lines 150_1 through 150_4.
In the even frame 2F, data signals applied to the even
data-lines 150_1 through 150_4 have positive polarity.
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Thus, the even column row-pixels among the pixels 110
that constitute the third row receive data signals of pos-
itive polarity during the fourth horizontal period 4H.
[0112] Further, as illustrated in FIG. 7D, the odd col-
umn row-pixels among the pixels 110 that constitute the
fourth row are coupled to the odd data-lines 140_1
through 140_5. Inthe evenframe 2F, data signals applied
tothe odd data-lines 140_1 through 140_5 have negative
polarity. Thus, the odd column row-pixels among the pix-
els 110 that constitute the fourth row receive data signals
of negative polarity during the fourth horizontal period 4H.
[0113] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the fourth horizontal period 4H (that is, adjacent
row-pixels receiving data signals of the same polarity do
so during different horizontal periods, as illustrated in the
third row of pixels in FIG. 7D). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0114] Referring to FIG. 7E, a gate signal for turning
on TFTs of the pixels 110 coupled to the fourth gate-line
130_4 is provided during a fifth horizontal period 5H.
Since the fourth gate-line 130_4 is coupled to even col-
umn row-pixels among the pixels 110 that constitute the
fourth row, data signals are applied to the even column
row-pixels among the pixels 110 that constitute the fourth
row.

[0115] Asiillustrated in FIG. 7E, the even column row-
pixels among the pixels 110 that constitute the fourth row
are coupled to the odd data-lines 140_2 through 140_5.
As described above, even column row-pixels among the
pixels 110 that constitute the fourth row receive data sig-
nals of negative polarity during the fifth horizontal period
5H of the even frame 2F. Further, though not specifically
illustrated in FIG. 5E, odd column row-pixels among the
pixels 110 that constitute a fifth row receive data signals
of positive polarity during the fifth horizontal period 5H.
[0116] Asaresult, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are not applied to adjacent row-pixels at the same time
during the fifth horizontal period 5H (that is, adjacent row-
pixels receiving data signals of the same polarity do so
during different horizontal periods, as illustrated in the
fourth row of pixels in FIG. 7E). Further, vertical crosstalk
may be reduced or prevented because data signals of
opposite polarities are applied to adjacent column-pixels.
[0117] This process continues until the even frame 2F
is finished by applying a gate signal for turning on TFTs
of the pixels 110 coupled to the second sub gate-line
120_2. Then, polarities of data signals are inverted when
the LCD device changes a display frame from the even
frame 2F to the odd frame 1F. Hence, polarities of data
signals in the even frame 2F are opposite to polarities of
data signals in the odd frame 1F following the even frame
2F.

[0118] As illustrated in FIGS. 7A through 7E, a driver
polarity pattern of the embodiment of the present inven-
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tion shown in FIGS. 3 (even frame 2F) and 6 is similar
to adriver polarity pattern of the column inversion method
(as displayed in FIG. 6). In addition, because of the char-
acteristics of this embodiment of the present invention,
namely that data signals are applied to odd column row-
pixels and even column row-pixels with an interval of one
horizontal period in a row direction, an apparent polarity
pattern of the embodiment of FIGS. 3 (even frame 2F)
and 6 of the present invention is similar to an apparent
polarity pattern of the ALS inversion method and the line
inversion method.

[0119] FIG. 8 is a diagram illustrating another LCD
panel 500 in accordance with example embodiments.
[0120] ReferringtoFIG. 8, the LCD panel 500 includes
a plurality of pixels 510, a first sub gate-line 520_1, a
second sub gate-line 520_2, a plurality of gate-lines
530_1 through 530_k, a plurality of odd data-lines 540_1
through 540_5, and a plurality of even data-lines 550_1
through 550_5. The first sub gate-line 520_1, the second
sub gate-line 520_2, and the plurality of gate-lines 530_1
through 530_k are collectively referred to as row-lines.
According to some example embodiments, the LCD pan-
el 500 further includes a charge-sharing control circuit
560. In the embodiment of FIG. 8, for ease of illustration,
five odd data lines 540_1 through 540_5 and five even
data lines 550_1 through 550_5 are shown and de-
scribed. However, the LCD panel 500 may contain an-
other number of data lines without departing from the
spirit or scope of the present invention.

[0121] The pixels 510 are arranged in a matrix manner
(that is, in rows and columns) at portions corresponding
to crossing regions of the first sub gate-line 520_1, the
second sub gate-line 520_2, the gate-lines 530_1
through 530_k, the odd data-lines 540_1 through 540_5,
and the even data-lines 550_1 through 550_5. Here,
each of the pixels 510 is coupled to the first sub gate-line
520_1, the second sub gate-line 520_2, or one of the
gate-lines 530_1 through 530_k via a gate terminal of its
switching element (e.g., a TFT). Additionally, each of the
pixels 510 is coupled to one of the odd data-lines 540_1
through 540_5 or one of the even data-lines 550_1
through 550_5 via a source terminal of its switching ele-
ment (e.g., a TFT). As a result, each of the pixels 510
receives a gate signal (i.e., a scan pulse) output from the
first sub gate-line 520_1, the second sub gate-line 520_2,
or one of the gate-lines 530_1 through 530_k via the gate
terminal of its switching element (e.g., a TFT) and re-
ceives a data signal output from one of the odd data-lines
540_1through 540_5 or one of the even data-lines 550_1
through 550_5 via the source terminal of its switching
element (e.g., a TFT).

[0122] Inthe embodiment of FIG. 8, the first sub gate-
line 520_1 and the second sub gate-line 520_2 are
placed at peripheries of the display area, with the gate-
lines 530_1 through 530_k therebetween. In one exam-
ple embodiment, the first sub gate-line 520_1 is coupled
to first row-pixels (for example, even column row-pixels)
that are adjacent to a lower side of the first sub gate-line
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520_1. Likewise, the second sub gate-line 520_2 is cou-
pled to second row-pixels (for example, odd column row-
pixels) that are adjacent to an upper side of the second
sub gate-line 520_2.

[0123] The gate-lines 530_1 through 530_k are locat-
ed (for example, placed) between the first sub gate-line
520_1 and the second sub gate-line 520_2. Further, each
gate-line of the gate-lines 530_1 through 530_k is cou-
pled to second row-pixels that are adjacent to an upper
side of the gate-line and to first row-pixels that are adja-
cent to a lower side of the gate-line.

[0124] In other words, each gate-line of the gate-lines
530_1 through 530_k is coupled to the pixels 510 in zig-
zag fashion proceeding in the row direction along the
gate-line (that is, the gate-line is alternately coupled to a
pixel 110 above the gate-line and to a pixel 110 below
the gate-line). Here, as described above, first row-pixels
correspond to (for example, are or include) even column
row-pixels and second row-pixels correspond to (for ex-
ample, are or include) odd column row-pixels. That is,
the first sub gate-line 520_1 is coupled to even column
row-pixels that are adjacent to a lower side of the first
sub gate-line 520_1, the second sub gate-line 520_2 is
coupled to odd column row-pixels that are adjacent to an
upper side of the second sub gate-line 520_2, and each
gate-line of the gate-lines 530_1 through 530_k is cou-
pled to odd column row-pixels that are adjacent to an
upper side of the gate-line and even column row-pixels
that are adjacent to a lower side of the gate-line.

[0125] Inthe embodimentofFIG. 8, the pixels 510 cou-
pled to the odd data-lines 540_1 through 540_5 are dif-
ferent from the pixels 510 coupled to the even data-lines
550_1through 550_5. In other words, when the odd data-
lines 540_1 through 540_5 are coupled to second col-
umn-pixels, then the even data-lines 550_1 through
550_5 are coupled to first column-pixels. Here, "column-
pixels" describe a plurality of pixels that are common to
one column, including a subset of the pixels of one col-
umn. For example, in one embodiment, first column-pix-
els correspond to (for example, are or include) odd row
column-pixels and second column-pixels correspond to
(for example, are or include) even row column-pixels.
[0126] In other embodiments, first column-pixels cor-
respond to (forexample, are or include) even row column-
pixels while second column-pixels correspond to (for ex-
ample, are or include) odd row column-pixels. In FIG. 8,
it is illustrated that the odd data-lines 540_1 through
540_5 are coupled to even row column-pixels and that
the even data-lines 550_1 through 550_5 are coupled to
odd row column-pixels.

[0127] As described above, each of the pixels 510 is
coupled to the first sub gate-line 520_1, the second sub
gate-line 520_2, or one of the gate-lines 530_1 through
530_k via a gate terminal of its switching element (e.g.,
a TFT). In addition, each of the pixels 510 is coupled to
one of the odd data-lines 540_1 through 540_5 or one
of the even data-lines 550_1 through 550_5 via a source
terminal of its switching element (e.g., a TFT).
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[0128] Ineach frame, data signals of a first polarity are
applied to the odd data-lines 540_1 through 540_5 and
data signals of a second polarity (i.e., opposite to the first
polarity) are applied to the even data-lines 550_1 through
550_5. As a result, data signals of the same polarity are
applied to odd column row-pixels and even column row-
pixels with an interval of one horizontal period in the row
direction.

[0129] In addition, data signals of alternate polarities
are sequentially applied to column-pixels with an interval
of one horizontal period in a column direction. That is,
the LCD panel 500 substantially receives data signals in
a similar way to the column inversion method. For exam-
ple, in an odd frame, the odd data-lines 540_1 through
540_5 receive data signals of a first polarity and the even
data-lines 550_1 through 550_5 receive data signals of
a second polarity. Subsequently, in an even frame, the
odd data-lines 540_1 through 540_5 receive data signals
of the second polarity and the even data-lines 550_1
through 550_5 receive data signals of the first polarity.
[0130] The LCD panel 500 may further include the
charge-sharing control circuit 560. The charge-sharing
control circuit 560 controls the odd data-lines 540 1
through 540_5 to share electric charges and controls the
even data-lines 550_1 through 550_5 to share electric
charges. In one example embodiment, the charge-shar-
ing control circuit 560 includes a plurality of first switches
OST and a plurality of second switches EST. The first
switches OST couple the odd data-lines 540_1 through
540_5to each other in accordance with a charge-sharing
control signal CSC. Likewise, the second switches EST
couple the even data-lines 550_1 through 550_5 to each
other in accordance with the charge-sharing control sig-
nal CSC.

[0131] For example, in one example embodiment, the
charge-sharing control signal CSC is a pre charge-shar-
ing (PCS) signal. In addition, the first switches OST and
the second switches EST turn on before the pixels 510
coupledtotherow-lines (i.e., thefirst sub gate-line 520_1,
the second sub gate-line 520_2, and the gate-lines 530_1
through 530_k) are charged. In another example embod-
iment, the first switches OST and the second switches
EST turn on after the pixels 510 coupled to the row-lines
are charged. Thus, the odd data-lines 540_1 through
540_5 share electric charges and the even data-lines
550_1 through 550_5 share electric charges. Therefore,
the LCD panel 500 having the charge-sharing control cir-
cuit 560 may reduce power consumption in cases such
as when the data signals have fickle patterns and may
enhance charging-characteristics of the pixels 510 to
have high performance. In FIG. 8, it is illustrated that the
LCD panel 500 includes the charge-sharing control circuit
560. However, the charge-sharing control circuit 560 may
be embedded in an integrated circuit (IC) in other em-
bodiments.

[0132] FIG. 9 is a block diagram illustrating an LCD
device 1000 in accordance with example embodiments.
[0133] Referring to FIG. 9, the LCD device 1000 in-

10

15

20

25

30

35

40

45

50

55

13

cludes an LCD panel 100, a source driver 200, a gate
driver 300, and a timing controller 400. Although not il-
lustrated in FIG. 9, the LCD device 1000 may further in-
clude a gradation voltage generator that generates a plu-
rality of gradation voltages. The gradation voltage gen-
erator may be coupled, for example, to the source driver
200.

[0134] The LCD panel 100 displays an image in ac-
cordance with data signals output from the source driver
200 and gate signals (i.e., a scan pulse) output from the
gate driver 300. The LCD panel 100 includes a plurality
of pixels. In a row direction, the pixels are divided into
odd column row-pixels and even column row-pixels. In a
column direction, the pixels are divided into odd row col-
umn-pixels and even row column-pixels.

[0135] As described above, "row-pixels" describe a
plurality of pixels that are common to one row (including
a subset of the pixels of one row, such as every other
pixel) and "column-pixels" describe a plurality of pixels
that are common to one column (including a subset of
the pixels of one column, such as every other pixel). In
the LCD panel 100, data signals of the same polarity are
applied to odd column row-pixels and even column row-
pixels with an interval of one horizontal period in the row
direction. In addition, data signals of opposite polarities
are sequentially applied to column-pixels with an interval
of one horizontal period in the column direction. For these
operations, the LCD panel 100 includes the pixels, the
first sub gate-line, the second sub gate-line, the gate-
lines, the odd data-lines, and the even data-lines as de-
scribed earlier (see, for example, FIGS. 1 and 8).
[0136] The pixels are arranged in a matrixmanner (that
is, in rows and columns) at portions corresponding to
crossing regions of the first sub gate-line, the second sub
gate-line, the gate-lines, the odd data-lines, and the even
data-lines. The first sub gate-line is coupled to first row-
pixels that are adjacent to a lower side of the first sub
gate-line and the second sub gate-line is coupled to sec-
ond row-pixels that are adjacent to an upper side of the
second sub gate-line. For instance, first row-pixels may
correspond to (for example, are or include) the odd col-
umn row-pixels while second row-pixels may correspond
to (for example, are or include) the even-column row-
pixels.

[0137] The gate-lines are located (for example,
placed) between the first sub gate-line and the second
sub gate-line. Here, each of the gate-lines is coupled to
second row-pixels that are adjacent to an upper side of
the each of the gate-lines and first row-pixels that are
adjacent to a lower side of the each of the gate-lines. In
otherwords, each of the gate-lines is coupled to the pixels
in zigzag fashion proceeding in the row direction along
the gate-line.

[0138] The odd data-lines are coupled to second col-
umn-pixels that are adjacent to the odd data-lines. The
even data-lines are coupled to first column-pixels that
are adjacent to the even data-lines. For instance, second
column-pixels may correspond to (for example, are or
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include) the even row column-pixels while first column-
pixels may correspond to (for example, are or include)
the odd row column-pixels.

[0139] The LCD panel 100 may further include a
charge-sharing control circuit. The charge-sharing con-
trol circuit controls the odd data-lines to share electric
charges and controls the even data-lines to share electric
charges.

[0140] Asdescribed above, first row-pixels correspond
to (for example, are or include) odd column row-pixels
and second row-pixels correspond to (for example, are
or include) even column row-pixels. In other embodi-
ments, first row-pixels correspond to (for example, are
or include) even column row-pixels and second row-pix-
els correspond to (for example, are or include) odd col-
umn row-pixels. Furthermore, as described above, first
column-pixels correspond to (for example, are or include)
odd row column-pixels and second column-pixels corre-
spond to (for example, are or include) even row column-
pixels. In other embodiments, first column-pixels corre-
spond to (for example, are or include) even row column-
pixels and second column-pixels correspond to (for ex-
ample, are or include) odd row column-pixels.

[0141] In the LCD device 1000 of FIG. 9, the source
driver 200 applies data signals to the data-lines DL1
through DLm of the LCD panel 100 in accordance with
a data control signal DCS. The data control signal DCS
is output from the timing controller 400. Here, data signals
are generated by selecting gradation voltages generated
by the gradation voltage generator (which is part of, or
coupled to, the source driver 200). In some example em-
bodiments, the gradation voltage generator may gener-
ate pairs of gradation voltages (i.e., one has positive po-
larity relative to a common voltage and another has neg-
ative polarity relative to the common voltage).

[0142] The source driver 200 determines polarities of
data signals by selecting gradation voltages of positive
polarity or gradation voltages of negative polarity. Hence,
data signals may have positive polarity relative to the
common voltage or negative polarity relative to the com-
mon voltage.

[0143] In some example embodiments, the data con-
trol signal DCS includes a polarity control signal that con-
trols polarities of data signals. In accordance with the
polarity control signal, the LCD device 1000 periodically
inverts polarities of data signals applied to the data-lines
DL1 through DLm. In each frame, for example, the LCD
device 1000 may apply data signals of a first polarity to
even data-lines and may apply data signals of a second
polarity to odd data-lines.

[0144] As described above, the LCD device 1000 in-
verts polarities of data signals (from a first polarity to a
second polarity) provided to the LCD panel 100 with each
frame (i.e., when the LCD device 1000 changes display
frames from an odd frame to an even frame and from an
even frame to an odd frame). For example, the first po-
larity may correspond to (for example, is) positive polarity
while the second polarity corresponds to (for example,
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is) negative polarity. In other embodiments, the first po-
larity may correspond to (for example, is) negative po-
larity while the second polarity corresponds to (for exam-
ple, is) positive polarity.

[0145] Continuing with the LCD device 1000 of FIG. 9,
the gate driver 300 applies gate signals to gate-lines GL1
through GLn of the LCD panel 100 in accordance with a
gate control signal GCS. The gate control signal GCS is
output from the timing controller 400. In each frame, the
gate signals are sequentially shifted (i.e., a scan pulse).
[0146] In addition, the timing controller 400 generates
the gate control signal GCS and the data control signal
DCS, which control driving timings for the LCD device
1000. In some example embodiments, the timing con-
troller 400 receives a RGB image signal, a horizontal
synchronization signal H, a vertical synchronization sig-
nal V, a main clock CLK, a data enable signal DES, etc.,
from an external graphic controller (not part of the LCD
device 1000), and generates the gate control signal GCS
and the data control signal DCS in accordance with these
received signals.

[0147] For example, the gate control signal GCS may
include a vertical synchronization start signal that con-
trols an output start timing of gate signals, a gate clock
signal that controls an output timing of gate signals, an
output enable signal that controls a duration time of gate
signals, etc. In addition, the data control signal DCS may
include a horizontal synchronization start signal that con-
trols an input start timing of data signals, a load signal
that applies data signals to the data-lines DL1 through
DLm, a polarity control signal that periodically inverts po-
larities of the data signals, etc.

[0148] FIG. 10 is a flow chart illustrating a method of
driving the LCD device 1000 of FIG. 9.

[0149] Referring to FIG. 10, the LCD device 1000 dis-
plays animage in a frame unit. As described above, each
frame includes a plurality of horizontal periods. In the
method of FIG. 10, data signals of the same polarity are
applied to odd column row-pixels and even column row-
pixels with an interval of one horizontal period in a row
direction (Step S120). Further, data signals of opposite
polarities are sequentially applied to column-pixels with
an interval of one horizontal period in a column direction
(Step S140). Subsequently, polarities of data signals pro-
vided to the LCD panel 100 are inverted with each frame
(i.e., when the LCD device 1000 changes display frames
from an odd frame to an even frame and from an even
frame to an odd frame).

[0150] Through Steps S120 and S140, the method of
FIG. 10 may reduce or prevent horizontal crosstalk and
vertical crosstalk while efficiently reducing power con-
sumption. In detail, horizontal crosstalk may be reduced
or prevented because data signals of the same polarity
are applied to odd column row-pixels and even column
row-pixels with an interval of one horizontal period in a
row direction (Step S120). For example, during a first
horizontal period, data signals of a first polarity may be
concurrently (e.g., simultaneously) applied to odd col-
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umn row-pixels among a plurality of pixels that constitute
a first row. Then, during a second horizontal period, data
signals of a first polarity may be concurrently (e.g., simul-
taneously) applied to even column row-pixels among the
pixels that constitute the first row.

[0151] Further, vertical crosstalk may be reduced or
prevented because data signals of opposite polarities are
sequentially applied to column-pixels with an interval of
one horizontal period in a column direction (Step S140).
For example, during a first horizontal period, data signals
of afirst polarity are applied to the first row column-pixels.
Then, during a second horizontal period, data signals of
a second polarity are applied to the corresponding sec-
ond row column-pixels. Then, during a third horizontal
period, data signals of the first polarity are applied to the
corresponding third row column-pixels. Then, during a
fourth horizontal period, data signals of the second po-
larity are applied to the corresponding fourth row column-
pixels, etc.

[0152] Steps S120 and S140 may be performed, for
example, in a frame unit. That is, in order to reduce or
prevent deterioration of liquid crystal capacitors in the
pixels due to polarization, the method of FIG. 10 inverts
polarities of data signals provided to the LCD panel 100
with each frame (Step S160). For example, in afirstframe
(e.g., an odd frame), data signals applied to odd data-
lines may have a first polarity while data signals applied
to even data-lines may have a second polarity. Then, in
a second frame (e.g., an even frame), data signals ap-
plied to odd data-lines have the second polarity while
data signals applied to even data-lines have the first po-
larity. Then, in a third frame (e.g., an odd frame), data
signals applied to odd data-lines have the first polarity
while data signals applied to even data-lines have the
second polarity.

[0153] Here, power consumption may be efficiently re-
duced because polarities of data signals are inverted with
respect to alternating data-lines. As described above, a
driver polarity pattern of an embodiment of the present
invention may be similar to a driver polarity pattern of the
column inversion method. On the other hand, because
of the characteristics of this embodiment of the present
invention, namely that data signals are applied to odd
column row-pixels and even column row-pixels with an
interval of one horizontal period in a row direction, an
apparent polarity pattern of this embodiment of the
presentinvention is similar to an apparent polarity pattern
of the ALS inversion method and the line inversion meth-
od.

[0154] FIG. 11isablockdiagramillustrating an electric
device 1100 having the LCD device 1000 of FIG. 9.
[0155] Referring to FIG. 11, the electric device 1100
includes the LCD device 1000, a processor 1010, a mem-
ory device 1020, a storage device 1030, an I/O device
1040, and a power supply 1050. The electric device 1100
may correspond to (for example, be) a digital television,
acellular phone, a smart phone, a computer monitor, etc.
In some example embodiments, the electric device 1100
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may further include a plurality of ports that communicate
with a video card, a sound card, a memory card, a uni-
versal serial bus (USB) device, other electric devices, etc.
[0156] In the electric device 1100 of FIG. 11, the proc-
essor 1010 performs specific calculations or computing
functions for various tasks. For example, the processor
1010 may correspond to (for example, be) a microproc-
essor, a central processing unit (CPU), etc. The proces-
sor 1010 may be coupled to the memory device 1020,
the storage device 1030, and the I/O device 1040 via an
address bus, a control bus, and/or a data bus. In addition,
the processor 1010 may be coupled to an extended bus
such as a peripheral component interconnection (PCI)
bus.

[0157] The memory device 1020 stores data for oper-
ations of the electric device 1100. For example, the mem-
ory device 1020 may include at least one volatile memory
device such as a dynamic random access memory
(DRAM) device, a static random access memory (SRAM)
device, etc. and/or at least one non-volatile memory de-
vice such as an erasable programmable read-only mem-
ory (EPROM) device, an electrically erasable program-
mable read-only memory (EEPROM) device, a flash
memory device, etc.

[0158] The storage device 1030 may correspond to
(for example, be) a solid-state drive (SSD), a hard disk
drive (HHD), a CD-ROM, etc. The 1/O device 1040 may
include at least one input device (e.g., a keyboard, key-
pad, a mouse, etc.) and/or at least one output device
(e.g., a printer, a speaker, etc.). In some example em-
bodiments, the LCD device 1000 may be included in the
I/O device 1040. The power supply 1050 supplies various
voltages for operations of the electric device 1100.
[0159] The LCD device 1000 may communicate with
the processor 1010 via the buses and/or other commu-
nication links. As described above, the LCD device 1000
includes the LCD panel 100, the source driver 200, the
gate driver 300, and the timing controller 400.

[0160] The LCD panel 100 displays an image using
the data signals output from the source driver 200 and
gate signals output from the gate driver 300. Here, for
example, data signals of the same polarity are applied
to odd column row-pixels and even column row-pixels
with an interval of one horizontal period in a row direction.
Further, data signals of opposite polarities are sequen-
tially applied to column-pixels with an interval of one hor-
izontal period in a column direction.

[0161] For these operations, the LCD panel 100 in-
cludes a plurality of pixels, a first sub gate-line, a second
sub gate-line, a plurality of gate-lines, a plurality of odd
data-lines, and a plurality of even data-lines. In some
example embodiments, the LCD panel 100 further in-
cludes a charge-sharing control circuit. The LCD device
1000 may be applied to a twisted nematic (TN) mode, a
vertical alignment (VA) mode, an in plane switching (IPS)
mode, a fringe field switching (FFS) mode, etc.

[0162] Embodiments of the present invention may be
applied, for example, to a liquid crystal display (LCD)
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device and an electric device having the LCD device.
Thus, embodiments of the present invention may be ap-
plied to a computer monitor, a digital television, a laptop,
a digital camera, a video camcorder, a cellular phone, a
smart phone, a portable multimedia player (PMP), a per-
sonal digital assistant (PDA), a MP3 player, a navigation
device, a video phone, etc.

[0163] The foregoing is illustrative of example embod-
iments and is not to be construed as limiting thereof. Al-
though a few example embodiments have been de-
scribed, those skilled in the art will readily appreciate that
many modifications are possible in the example embod-
iments without materially departing from the principles of
the present invention as defined in the claims.

Claims
1. Aliquid crystal display LCD panel comprising:

a plurality of pixels arranged in rows and col-
umns;

a first sub gate-line coupled to first row-pixels
that are adjacent to a lower side of the first sub
gate-line;

a second sub gate-line coupled to second row-
pixels that are adjacent to an upper side of the
second sub gate-line;

a plurality of gate-lines between the first sub
gate-line and the second sub gate-line, each
gate-line of the plurality of gate-lines being cou-
pled to first row-pixels that are adjacent to a low-
er side of the gate-line and second row-pixels
that are adjacent to an upper side of the gate-
line;

a plurality of even data-lines coupled to first col-
umn-pixels that are adjacent to the even data-
lines; and

a plurality of odd data-lines coupled to second
column-pixels that are adjacent to the odd data-
lines.

2. TheLCD panelofclaim 1, wherein the first row-pixels
comprise odd column row-pixels and the second
row-pixels comprise even column row-pixels, or
wherein the first row-pixels comprise even column
row-pixels and the second row-pixels comprise odd
column row-pixels.

3. The LCD panel of claim 2, wherein the first column-
pixels comprise odd row column-pixels and the sec-
ond column-pixels comprise even row column-pix-
els, or wherein the first column-pixels comprise even
row column-pixels and the second column-pixels
comprise odd row column-pixels.

4. The LCD panel of any one of the preceding claims,
wherein in an odd frame, the odd data-lines are con-
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figured to receive data signals of a first polarity and
the even data-lines are configured to receive data
signals of a second polarity, the second polarity be-
ing opposite to the first polarity, or whereinin an even
frame, the odd data-lines are configured to receive
data signals of the second polarity and the even data-
lines are configured to receive data signals of the
first polarity.

5. The LCD panel of claim 4, wherein the first polarity
is positive polarity relative to a common voltage and
the second polarity is negative polarity relative to the
common voltage, or wherein the first polarity is neg-
ative polarity relative to a common voltage and the
second polarity is positive polarity relative to the
common voltage.

6. The LCD panel of any one of the preceding claims,
further comprising a charge-sharing control circuit
configured to control the odd data-lines to share elec-
tric charges in accordance with a charge-sharing
control signal and to control the even data-lines to
share electric charges in accordance with the
charge-sharing control signal.

7. The LCD panel of claim 6, wherein the charge-shar-
ing control circuit comprises:

a plurality of first switches configured to couple
the odd data-lines to each other in accordance
with the charge-sharing control signal; and

a plurality of second switches configured to cou-
ple the even data-lines to each other in accord-
ance with the charge-sharing control signal.

8. The LCD panel of claim 7, wherein the charge-shar-
ing control signal comprises a pre charge-sharing
(PCS) signal, and
wherein the first switches and the second switches
are configured to turn on before or after row-pixels
coupled to the first sub gate-line, the second sub
gate-line, and the plurality of gate-lines are charged.

9. The LCD panel of any one of the preceding claims,

wherein each of the pixels comprises:

a switching element configured to perform
switching operations in accordance with a gate
signal output from the first sub gate-line, the sec-
ond sub gate-line, or one of the gate-lines; and
a liquid crystal capacitor configured to control
light transmittance of a liquid crystal layer in ac-
cordance with a data signal output from one of
the odd data-lines or one of the even data-lines.

10. The LCD panel of claim 9, wherein the switching el-
ement comprises a thin film transistor (TFT) that in-
cludes a gate terminal for receiving the gate signal,
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a source terminal for receiving the data signal, and
a drain terminal for outputting the data signal to the
liquid crystal capacitor.

11. The LCD panel of claim 10, wherein each of the pix- 5
els further comprises a storage capacitor configured
to maintain a charged voltage of the liquid crystal
capacitor.

12. A liquid crystal display LCD device comprising: 10

an LCD panel according to any one of the pre-
ceding claims configured to apply data signals

of the same polarity to odd column row-pixels

and even column row-pixels with an interval of 15
one horizontal period in a row direction, and to
sequentially apply data signals of alternate po-
larities to column-pixels with an interval of one
horizontal period in a column direction;

a source driver configured to provide data sig- 20
nals to the LCD panel in accordance with a data
control signal;

a gate driver configured to provide gate signals
corresponding to a scan pulse to the LCD panel

in accordance with a gate control signal; and 25
a timing controller configured to generate the
data control signal and the gate control signal.

13. A method of driving a liquid crystal display (LCD)
device, the method comprising: 30

applying data signals of the same polarity to odd
column row-pixels and even column row-pixels

with an interval of one horizontal period in a row
direction; 35
sequentially applying data signals of alternate
polarities to column-pixels with aninterval of one
horizontal period in a column direction; and
inverting polarities of data signals provided to

an LCD panel with each frame. 40

45

50

55
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