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(7) ABSTRACT

A display apparatus includes a liquid crystal panel including
gate lines, data lines, and pixels, a gate driver, a data driver,
and a timing controller. The pixels include first and second
pixels. The first and second pixels are arranged in pixel rows
adjacent to each other, arranged in different pixel columns,
connected to the same gate line, display the same color, and
receive data voltages having different polarities from each
other. The image data include first pixel data displayed in the
first pixels and second pixel data displayed in the second
pixels. When the first pixel data have a first grayscale value
and the second pixel data have a second grayscale value
different from the first grayscale value, the timing controller
modulates the first and second pixel data to allow the first and
second pixel data to have a grayscale value between the first
and second grayscale values.
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DISPLAY APPARATUS AND METHOD OF
PROCESSING DATA THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2014-0194159, filed on Dec. 30, 2014, the contents of
which are hereby incorporated by reference in its entirety.

BACKGROUND
[0002] 1. Field of Disclosure
[0003] The present disclosure relates to a display apparatus

and a method of processing data for the display apparatus.
More particularly, the present disclosure relates to a display
apparatus driven in an inversion driving manner and a method
of processing data for the display apparatus.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display forms an electric field in a
liquid crystal layer disposed between two substrates and
changes an alignment of liquid crystal molecules of the liquid
crystal layer to control a transmittance of light passing
through the liquid crystal layer, and thus a desired image is
displayed through the liquid crystal display.

[0006] A method of driving the liquid crystal display is
classified into a line inversion method, a column inversion
method, and a dot inversion method according to a polarity of
adatavoltage applied to data lines. The line inversion method
inverts the polarity of image data applied to data lines every
pixel row, the column inversion method inverts the polarity of
the image applied to the data lines every pixel column, and the
dot inversion method inverts the polarity of the image data
applied to the data lines every pixel row and every pixel
column.

[0007] Ingeneral, a display apparatus displays colors using
three primary colors of red, green, and blue. Accordingly, the
display apparatus includes sub-pixels respectively corre-
sponding to the red, green, and blue colors. In recent years, a
display apparatus that displays the colors using red, green,
blue, and other primary colors has been developed. As the
other primary colors, one or more of the magenta, cyan,
vellow, and white colors are used. In addition, in order to
improve brightness of the image, a display apparatus includ-
ing red, blue, green, and white sub-pixels has been suggested.
To this end, red, green, and blue image signals from an exter-
nal source are applied to a display panel after being converted
to red, green, blue, and white data signals.

SUMMARY

[0008] The present disclosure provides a display apparatus
capable of preventing a one-line crosstalk from occurring.
[0009] The present disclosure provides a method of pro-
cessing data of the display apparatus.

[0010] Embodiments of the inventive concept provide a
display apparatus including a liquid crystal panel, a gate
driver, a data driver, and a timing controller. The liquid crystal
panel includes a plurality of gate lines extending in a first
direction, a plurality of data lines extending in a second direc-
tion crossing the first direction, and a plurality of pixels con-
nected to the gate lines and the data lines.

[0011] The gate driver applies gate signals to the gate lines
and the data driver applies data voltages to the data lines.
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[0012] The timing controller receives a control signal and
image datato apply a gate control signal to the gate driver and
to apply a data control signal to the data driver.

[0013] The pixels include pixels arranged in a h-th (his a
natural number) row and pixels arranged in a (h+1)th row,
which are adjacent to each other in the second direction such
that a (k+1)th (k is a natural number) of the gate lines is
disposed between the pixels arranged in the h-th row and the
pixels arranged in the (h+1)th row.

[0014] First pixels displaying a first color and connected to
the (k+1)th gate line among the pixels arranged in the h-th row
are spaced apart from second pixels displaying the first color
and connected to the (k+1)th gate line among the pixels
arranged in the (h+1)th row and receive the data voltages
having a polarity different from that of the data voltages
applied to the second pixels.

[0015] The image data include first pixel data displayed in
at least a portion of the first pixels and second pixel data
displayed in at least a portion of the second pixels.

[0016] When the first pixel data have a first grayscale value
and the second pixel data have a second grayscale value
different from the first grayscale value, the timing controller
modulates the first and second pixel data to allow the first and
second pixel data to have a grayscale value between the first
and second grayscale values.

[0017] The timing controller modulates the first pixel data
to generate first modulated pixel data having a third grayscale
value different from the first and second grayscale values and
modulates the second pixel data to generate second modu-
lated pixel data having the third grayscale value.

[0018] The third grayscale value corresponds to a half of a
sum of the first and second grayscale values.

[0019] The timing controller includes a pattern analyzing
part, a modulation determining part, and a data modulating
part. The pattern analyzing part analyzes a pattern of the
image data and determining whether a boundary of the pat-
tern extending in the first direction is disposed between the
first and second pixels.

[0020] In an embodiment of the inventive concept, the
modulation determining part determines whether a number of
the first pixels displaying the pattern or a number of the
second pixels displaying the pattern is equal to or greater than
a reference number.

[0021] In an embodiment of the inventive concept, the
modulation determining part determines whether sum of gray
voltage of the first pixels displaying the pattern or sum of gray
voltage of the second pixels displaying the pattern is equal to
or greater than a reference voltage

[0022] The data modulating part modulates the first and
second pixel data.

[0023] The data modulating part modulates the first and
second pixel data when the boundary extending in the first
direction of the pattern is disposed between the first and
second pixels and the number of the first pixels displaying the
pattern or the number of the second pixels displaying the
pattern is equal to or greater than the reference number.
[0024] The data modulating part does not modulate the first
and second pixel data when the boundary extending in the
first direction of the pattern is not disposed between the first
and second pixels or when the number of the first pixels
displaying the pattern or the number of the second pixels
displaying the pattern is smaller than the reference number.
[0025] When the first grayscale value is not zero and the
second grayscale value is zero, the modulation determining
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part checks whether the number of the first pixels displaying
the pattern is equal to or greater than the reference number,
and when the second grayscale value is not zero and the first
grayscale value is zero, the modulation determining part
checks whether the number of the second pixels displaying
the pattern is equal to or greater than the reference number.
[0026] The first color is a red, green, blue, or white color.
[0027] The pixels arranged in the h-th row include a first
pixel group and a second pixel group, which are sequentially
arranged in the first direction, the pixels arranged in the (h+1)
th row include a third pixel group and a fourth pixel group,
which are sequentially arranged in the first direction, and each
of the first, second, third, and fourth pixel groups includes an
even number of pixels.

[0028] Each of the first and fourth pixel groups includes
two pixels of a red pixel, a green pixel, a blue pixel, and a
white pixel, and each of the second and third pixel groups
includes the other two pixels of the red pixel, the green pixel,
the blue pixel, and the white pixel.

[0029] The second pixels are included in the pixels
arranged in a (2u+1)th (u is a natural number) column when
the first pixels are included in the pixels arranged in a (2u-1)
th column, and when the first pixels are included in the pixels
arranged in a 2u-th column, the second pixels are included in
the pixels arranged in a (2u+2)th column.

[0030] Among the pixels arranged in the (2u-1)th (uis a
natural number) column, two pixels adjacent to each other in
the second direction such that a 2k-th gate line is disposed
between the two pixels are commonly connected to the 2k-th
gate line, and among the pixels arranged in the 2u-th column,
two pixels adjacent to each other in the second direction such
that a (2k-1)th gate line is disposed between the two pixels
are commonly connected to the (2k-1)th gate line.

[0031] Among the pixels arranged in the (2u-1)th (uis a
natural number) column, two pixels adjacent to each other in
the second direction such that a (2k-1)th gate line is disposed
between the two pixels are commonly connected to the (2k—
1)th gate line, and among the pixels arranged in the 2u-th
column, two pixels adjacent to each other in the second direc-
tion such that a 2k-th gate line is disposed between the two
pixels are commonly connected to the 2k-th gate line.
[0032] The pixels arranged in a u-th (u is a natural number)
column, which is disposed between a j-th (j is a natural
number) and a (j+1)th data line of the data lines, are alter-
nately connected to the j-th data line and the (j+1)th data line
in the unit of at least one pixel.

[0033] The polarity of the data voltages applied to the data
lines is inverted every at least one data line.

[0034] The pixels arranged in the h-th row, which is dis-
posed between a k-th gate line and a (k+1)th gate line of the
gate lines, are alternately connected to the k-th gate line and
the (k+1)th gate line in the unit of at least one pixel.

[0035] Embodiments of the inventive concept provide a
method of processing data of a display apparatus, providing a
liquid crystal panel including a plurality of gate lines extend-
ing in a first direction, a plurality of data lines extending in a
second direction crossing the first direction, and a plurality of
pixels connected to the gate lines and the data lines, the pixels
comprising pixels arranged in a h-th (h is a natural number)
row and pixels arranged in a (h+1)th row, which are adjacent
to each other in the second direction such that a (k+1)th (k is
a natural number) of the gate lines is disposed between the
pixels arranged in the h-th row and the pixels arranged in the
(h+1)th row, first pixels displaying a first color and connected
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to the (k+1)th gate line among the pixels arranged in the h-th
row being spaced apart from second pixels displaying the first
color and connected to the (k+1)th gate line among the pixels
arranged in the (h+1)th row and receiving the data voltages
having a polarity different from that of the data voltages
applied to the second pixels, determining whether a boundary
extending in the first direction of a pattern of the image data
is disposed between the first and second pixels, determining
whether a number of the first pixels displaying the pattern or
anumber of the second pixels displaying the pattern is equal
to or greater than a reference number when the boundary
extending in the first direction of the pattern of the image data
is disposed between the first and second pixels, and modulat-
ing the image data including first pixel data corresponding to
the first pixels and having a first grayscale value and second
pixel data corresponding to the second pixels and having a
second grayscale value when the number of the first pixels or
the second pixels displaying the pattern of the image data is
equal to or greater than the reference number to generate first
modulated pixel data corresponding to the first pixels and
having a third grayscale value between the first and second
values and second modulated pixel data corresponding to the
second pixels and having a fourth grayscale value between the
first and second grayscale values.

[0036] The third grayscale value is substantially equal to
the fourth grayscale value.

[0037] The image data are not modulated when the bound-
ary extending in the first direction of the pattern of the image
data is not disposed between the first and second pixels or the
number of the first pixels displaying the pattern or the number
of the second pixels displaying the pattern is smaller than the
reference number.

[0038] According to the above, the one line crosstalk may
be prevented from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The above and other advantages of the present dis-
closure will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0040] FIG. 1 is a block diagram showing a liquid crystal
display device according to an exemplary embodiment of the
present disclosure;

[0041] FIG. 2 is an equivalent circuit diagram showing one
pixel shown in FIG. 1;

[0042] FIG. 3 is a plan view showing a portion of a liquid
crystal panel according to an exemplary embodiment of the
present disclosure;

[0043] FIG. 4Ais a plan view showing a portion of a liquid
crystal panel according to a first comparison example;
[0044] FIG. 4B is a plan view showing a portion of a liquid
crystal panel according to a second comparison example;
[0045] FIG. 5 is a view showing a liquid crystal panel in
which a horizontal crosstalk occurs;

[0046] FIG. 6isa view showing a first pattern of image data
displayed through the liquid crystal panel shown in FIG. 3;
[0047] FIG. 7 is a view showing an image obtained by
modulating the first pattern of the image data;

[0048] FIG. 8is a block diagram showing a timing control-
ler shown in FIG. 1;

[0049] FIG. 9 is a view showing a second pattern of image
data displayed through the liquid crystal panel shown in FIG.

Ll
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[0050] FIG. 10 is a view showing an image obtained by
modulating the second pattern of the image data;

[0051] FIG. 11 is a flowchart showing a method of process-
ing data of a display apparatus according to an exemplary
embodiment of the present disclosure; and

[0052] FIGS.12,13,14,15,16.17,18,19,20,21and 22 are
plan views showing liquid crystal panels according to various
exemplary embodiments of the present disclosure.

DETAILED DESCRIPTION

[0053] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present between the element or layer and the
another element or layer. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout the specification. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0054] Tt will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present inventive concept.

[0055] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0056] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the inventive concept. As used herein, the
singular forms, “a”, “an’ and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “includes”
and/or “including”, when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0057] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
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dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0058] Hereinafter, the present inventive concept will be
explained in detail with reference to the accompanying draw-
ings.

[0059] FIG. 1 is a block diagram showing a liquid crystal
display device 1000 according to an exemplary embodiment
of the present disclosure and FIG. 2 is an equivalent circuit
diagram showing one pixel shown in FIG. 1.

[0060] Referring to FIG. 1, the liquid crystal display device
1000 includes a liquid crystal panel 100, a timing controller
200, a gate driver 300, and a data driver 400.

[0061] The liquid crystal panel 100 includes a lower sub-
strate 110, an upper substrate 120 facing the lower substrate
110, and a liquid crystal layer 130 interposed between the
lower and upper substrates 110 and 120.

[0062] The display panel 110 includes a plurality of gate
lines G1 to Gm extending in a first direction DR1 and a
plurality of data lines D1 to Dn extending in a second direc-
tion DR2 crossing the first direction DR1. The gate lines G1
to Gm and the data lines D1 to Dn define pixel areas and pixels
PXs are respectively disposed in the pixel areas. FIG. 2 shows
apixel PX connected to a first gate line G1 and a first data line
D1.

[0063] Each pixel PX includes a thin film transistor TR
connected to a corresponding gate line of the gate lines G1 to
Gm, a liquid crystal capacitor Clc connected to the thin film
transistor TR, and a storage capacitor Cst connected to the
liquid crystal capacitor Cle in parallel. The storage capacitor
Cstmay be omitted if necessary. The thin film transistor TR is
disposed on the lower substrate 110. The thin film transistor
TR includes a gate electrode connected to the first gate line
(1, a source electrode connected to the first data line D1, and
adrain electrode connected to the liquid crystal capacitor Cle
and the storage capacitor Cst.

[0064] The liquid crystal capacitor Clc includes a pixel
electrode PE disposed on the lower substrate 110 and a com-
mon electrode CE disposed on the upper substrate 120 as its
two terminals, and the liquid crystal layer 130 disposed
between the pixel electrode PE and the common electrode CE
serves as a dielectric substance. The pixel electrode PE is
connected to the thin film transistor TR and the common
electrode CE is disposed on an entire surface of the upper
substrate 120 to receive a common voltage. Different from the
common electrode CE shown in FIG. 2, the common elec-
trode CE may be disposed on the lower substrate 110 accord-
ing to embodiments, and in this case, at least one of the pixel
electrode PE and the common electrode CE includes slits.
[0065] The storage capacitor Cst assists the liquid crystal
capacitor Clc and includes the pixel electrode PE, a storage
line (not shown), and an insulating layer disposed between
the pixel electrode PE and the storage line (not shown). The
storage line is disposed on the lower substrate 110 to overlap
with a portion of the pixel electrode PE. The storage line is
applied with a constant voltage, e.g., a storage voltage.
[0066] The pixel PX displays one of primary colors. The
primary colors include red, green, blue, and white colors, but
they should not be limited thereto or thereby. The primary
colors may further include various colors, e.g., cyan,
magenta, yellow, etc. The pixel PX may further include a
color filter CF to represent one of the primary colors. In FIG.
2, the color filter CF is disposed on the upper substrate 120,
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but it should not be limited thereto or thereby. That is, the
color filter CF may be disposed on the lower substrate 110.
[0067] The timing controller 200 receives image data RGB
and control signals from an external graphic controller (not
shown). The control signals include a vertical synchroniza-
tion signal as a frame distinction signal Vsyne, a horizontal
synchronization signal as a row distinction signal Hsync, a
data enable signal DE maintained at a high level during a
period, in which data are output, to indicate a data input
period, and a main clock signal MCLK.

[0068] The timing controller 200 analyzes the image data
RGB and modulates the image data RGB when determining
that the image data RGB are required to be modulated. When
no modulation is required for the image data RGB, the timing
controller 200 does not modulate the image data RGB.
[0069] The timing controller 200 converts the image data
RGB or the modulated image data in consideration of speci-
fications of the data driver 400. The timing controller 200
applies the converted data DATA to the data driver 400. The
timing controller 200 generates a gate control signal GS1 and
a data control signal DS1. The gate control signal GS1 is
applied to the gate driver 300 and the data control signal DS1
is applied to the data driver 400.

[0070] The gate control signal GS1 is used to drive the gate
driver 300 and the data control signal DS1 is used to drive the
data driver 400.

[0071] The gate driver 300 generates gate signals in
response to the gate control signal GS1 and applies the gate
signals to the gate lines G1 to Gm. The gate control signal
GS1includes a scan start signal indicating a start of scanning,
at least one clock signal controlling an output period of a gate
on voltage, and an output enable signal controlling the main-
taining of the gate on voltage.

[0072] The data control signal DS1 generates grayscale
voltages corresponding to the image data DATA in response
to the data control signal DS1 and applies the grayscale volt-
ages to the data lines D1 to Dn as data voltages. The data
voltages include a positive (+) data voltage having a positive
value with respect to the common voltage and a negative (-)
data voltage having a negative value with respect to the com-
mon voltage. The data control signal DS1 includes a horizon-
tal start signal STH indicating a start of transmitting of the
image data DATA to the data river 400, a load signal indicat-
ing application of data voltages to the data lines D1 to Dn, and
a polarity control signal inverting a polarity of the data volt-
ages with respect to the common voltage.

[0073] The polarity of the data voltages applied to the pix-
els PX is inverted every frame period to prevent liquid crystals
from burning or deteriorating. For instance, the data driver
400 inverts the polarity of the data voltages every frame
period in response to the polarity control signal. In addition,
when the image corresponding to one frame is displayed, the
data voltages having different polarities are output in the unit
of at least one data line and applied to the pixels to improve
display quality.

[0074] Each of the timing controller 200, the gate driver
300, and the data driver 400 may be directly mounted on the
liquid crystal panel 100, attached to the liquid crystal panel
100ina tape carrier packageafter being mounted on a flexible
printed circuit board, or mounted on a separate printed circuit
board. As another way, at least one of the gate driver 300 and
the data driver 400 may be integrated on the liquid crystal
panel 100 together with the gate lines G1 to Gm, the data lines
D1 to Dn, and the thin film transistor TR. In addition, the
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timing controller 200, the gate driver 300, and the data driver
400 may be integrated in a single chip.

[0075] FIG. 3 is a plan view showing a portion of a liquid
crystal panel according to an exemplary embodiment of the
present disclosure.

[0076] Referring to FIG. 3, the pixels include pixels
arranged in a h-th (h is a natural number) row and pixels
arranged in a (h-1)th row. A first pixel row PR1 and a second
pixel row PR2 are disposed adjacent to each other in the
second direction DR2 such that a (k+1)th (k is a natural
number) gate line among the gate lines G1 to Gm is disposed
between the first and second pixel rows PR1 and PR2. FIG. 3
shows first, second, third, and fourth pixel rows PR1, PR2,
PR3, and PR4 and two pixel rows adjacent to each other in the
second direction DR2 have the same structure. Hereinafter,
the first and second pixel rows PR1 and PR2 will be described
in detail with reference to FIG. 3 when assuming that each of
k"and “h”is 1.

[0077] The first pixel row PR1 includes a first pixel group
PG1 and a second pixel group PG2 sequentially arranged in
the first direction DR1. The second pixel row PR2 includes a
third pixel group PG3 and a fourth pixel group PG4 sequen-
tially arranged in the first direction DR1. Each of the first to
fourth pixel groups PG1 to PG4 includes an even number of
the pixels. In FIG. 3, each of the first to fourth pixel groups
PG1 to PG4 includes two pixels.

[0078] Each of the first to fourth pixel groups PG1 to PG4
displays a portion of the primary colors. Each of the first and
fourth pixel groups PG1 and PG4 includes a red pixel and a
green pixel. Each of the second and third pixel groups PG2
and PG3 includes a blue pixel and a white pixel.

[0079] The first to fourth pixel groups PG1 to PG4 may be
repeatedly arranged.

[0080] InFIG. 3, the red, green, blue, and white pixels are
indicated by “R”, “G”, “B”, and “W”, respectively. The pixels
applied with the data voltages having the positive (+) polarity
during an i-th (i is a natural number) frame period are repre-
sented by “R+”,“G+”, “B+”, and “W+”, respectively, and the
pixels applied with the data voltages having the negative (-)
polarity during the i-th frame period are represented by “R-",
“G-", “B-", and “W-", respectively.

[0081] The polarities of the data voltages applied to the
pixels of the liquid crystal panel 100 shown in FIG. 3 indicate
polarities of the data voltages during the i-th frame period.
The polarities of the data voltages are inverted during an
(i+1)th frame period. That is, the data driver 400 shown in
FIG. 1inverts the polarities of the data voltages applied to the
data lines D1 to Dn at every frame period.

[0082] Meanwhile, the arrangement of the pixels should
not be limited to that shown in FIG. 3. That is, positions of the
red, green, blue, and white pixels may be various forms in
each of the first and second pixel rows PR1 and PR2. In detail,
each of the first and second pixel groups PG1 and PG2 may
include the green and white pixels. In addition, each of the
firstand fourth pixel groups PG1 and PG4 may include the red
and white pixels and each of the second and fourth pixel
groups PG2 and PG3 may includes the green and blue pixels.

[0083] In the present exemplary embodiment, the polarity
of the data voltages applied to the data lines D1 to D9 is
inverted every data line. As shown in FIG. 3, the positive data
voltage is applied to odd-numbered data lines D1, D3, D5,
D7, and D9 and the negative data voltage is applied to even-
numbered data lines D2, D4, D6, and D8.
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[0084] The pixels arranged in an u-th (u is a natural num-
ber) column disposed between a j-th (j is a natural number)
data line and a (j+1)th data line are alternately connected to
the j-th data line and the (j+1)th data line in the unit of at least
one pixel. Hereinafter, the pixels disposed between the first
data line D1 and the second data line D2 will be described in

33

detail when assuming that each of “§” and “u” is 1.

[0085] The pixels arranged in a first column between the
first and second data lines D1 and D2 are alternately con-
nected to the first and second data lines D1 and D2 in the unit
of at least one pixel. In other words, the pixels arranged in the
same column are alternately connected to a left data line and
aright dataline in the unit of one row. The red pixel R+ of the
first pixel group PG1 is connected to the first data line D1 and
the blue pixel B- of the third pixel group PG3 is connected to
the second data line D2.

[0086] In the present exemplary embodiment, two pixels
adjacent to each other in the second direction DR2 among the
pixels arranged in a (2u-1)th column such that a 2k-th gate
line is disposed between the two pixels are commonly con-
nected to a 2k-th gate line. In addition, two pixels adjacent to
each other in the second direction DR2 among the pixels
arranged in a 2u-th column such that a (2k-1)th gate line is
disposed between the two pixels are commonly connected to
a (2k-1)th gate line.

[0087] In detail, among the pixels arranged in the first col-
umn, the red and blue pixels R+ and B- adjacent to each other
such that the second gate line G2 is disposed between the red
and blue pixels R+ and B- are commonly connected to the
second gate line G2, and among the pixels arranged in the
third column, the red and blue pixels R- and B+ adjacent to
each other such that the second gate line G2 is disposed
between the red and blue pixels R- and B+ are commonly
connected to the second gate line G2. Accordingly, the red
and blue pixels R+ and B- arranged in the first column and
connected to the second gate line G2 are driven in response to
the gate signal applied to the second gate line G2. The red and
blue pixels R- and B+ arranged in the third column and
connected to the second gate line G2 are driven in response to
the gate signal applied to the second gate line G2.

[0088] Inaddition,among the pixels arranged in the second
column, the white and green pixels W+ and G- adjacent to
each other such that the third gate line G3 is disposed between
the white and green pixels W+ and G- are commonly con-
nected to the third gate line G3, and among the pixels
arranged in the fourth column, the white and green pixels W-
and G+ adjacent to each other such that the third gate line G3
is disposed between the white and green pixels W- and G+
are commonly connected to the third gate line G3. Accord-
ingly, the white and green pixels W+ and G- arranged in the
second column and connected to the third gate line G3 are
driven in response to the gate signal applied to the third gate
line G3. The white and green pixels W= and G+ arranged in
the fourth column and connected to the third gate line G3 are
driven in response to the gate signal applied to the third gate
line G3.

[0089] According to another embodiment, two pixels adja-
cent to each other in the second direction DR2 among the
pixels arranged in a (2u-1)th column such that the (2k-1)th
gate line is disposed between the two pixels are commonly
connected to the (2k-1)th gate line. In addition, two pixels
adjacent to each other in the second direction DR2 among the
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pixels arranged in the 2u-th column such that the 2k-th gate
line is disposed between the two pixels are commonly con-
nected to the 2k-th gate line.

[0090] According to the present exemplary embodiment,
first pixels displaying a first color and connected to the k-th
gate line among the pixels arranged in the h-th row receive the
data voltage having the polarity different from that of the data
voltage applied to second pixels displaying the first color and
connected to the k-th gate line among the pixels arranged in
the (h+1)th row. The first pixels and the second pixels are
spaced apart from each other in the first direction DR1. The
first pixels and the second pixels are spaced apart from each
other such that the pixels arranged in an odd number of
columns are disposed between the first and second pixels.
That is, the column of each of the first pixels may be different
from the column of each of the second pixels.

[0091] The first color may be one of the red, green, blue,
and white colors.

[0092] Inthe first to fourth pixel groups PG1 to PG4, when
the first pixel is included in the first pixel group PG1, the
second pixel is included in the fourth pixel group PG4.
According to another embodiment, when the first pixel is
included in the second pixel group PG2, the second pixel is
included in the third pixel group PG3. In other words, when
the first pixel is included in the pixels arranged in the (2u-1)th
column, the second pixel is includes in the pixels arranged in
the (2u+1)th column. In addition, when the first pixel is
included in the pixels arranged in the 2u-th column, and the
second pixel is included in the pixels arranged in a (2u-2)th
column.

[0093] When the first color is the red and each of the first
and second pixels is the red pixel, the red pixels R+ arranged
in the first pixel row PR1 and the red pixels R- arranged in the
second pixel row PR2 are connected to the second gate line
G2, but the red pixels R+ arranged in the first pixel row PR1
receive the data voltages having the polarity different from
that of the data voltages applied to the red pixels R arranged
in the second pixel row PR2.

[0094] FIG. 4A is a plan view showing a portion of a liquid
crystal panel according to a first comparison example and
FIG. 4B is a plan view showing a portion of a liquid crystal
panel according to a second comparison example.

[0095] Hereinafter, the liquid crystal panels according to
the first and second comparison examples will be described
with reference to FIGS. 4A and 4B and effects of the liquid
crystal panel 100 according to the present exemplary embodi-
ment shown in FIG. 3 will be described.

[0096] Referring to FIGS. 4A and 4B, each of a first com-
parison liquid crystal panel 1A according to the first compari-
son example and a second comparison liquid crystal panel 1B
according to the second comparison example includes a plu-
rality of pixels. The pixels arranged in odd-numbered rows
are arranged in order ofred, green, blue, and white pixels, and
the pixels arranged in even-numbered rows are arranged in
order of blue, white, red, and green pixels.

[0097] Each of the pixels of the first and second comparison
liquid crystal panels 1A and 1B is connected to a lower gate
line and a left data line.

[0098] Thepolarities of the data voltages applied to the data
lines D1 to D9 of the first comparison liquid crystal panel 1A
are repeated in positive, negative, negative, and positive
polarities. In detail, the polarities of the data voltages applied
to the data lines D1 to D9 of'the first comparison liquid crystal
panel 1A are +, -, —, +, +, —, -, and +, respectively.
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[0099] Thepolarities of the data voltages applied to the data
lines D1 to D9 of the second comparison liquid crystal panel
1B are inverted every four data lines and the polarities of the
data voltages are inverted every one data line in the four data
lines. In detail, the polarities of the data voltages applied to
the data lines D1 to D9 of the second comparison liquid
crystal panel 1B are +, -, +, =, —, +, =, +, and +, respectively.
[0100] The polarities of the data voltages applied to the
pixels of the first and second comparison liquid crystal panels
1A and 1B are inverted every frame period.

[0101] FIG. 5 is a view showing a liquid crystal panel 1 in
which a horizontal crosstalk occurs.

[0102] The liquid crystal panel 1 shown in FIG. 5 displays
a primary color, e.g., a red color, in a first area AR1.

[0103] When a sum of the polarities of the data voltages
applied to the pixel displaying the primary color during one
horizontal scan period 1H is biased to the positive or negative
polarity, the common voltage is not constantly maintained
due to a coupling phenomenon between the data lines and the
common electrode. Accordingly, a ripple occurs in a positive
or negative direction of the common voltage. In this case, the
horizontal crosstalk, in which a difference in brightness
between a peripheral area AR4 and second and third areas
AR2 and AR3 adjacent to the first area AR1 displaying the
primary color in the first direction DR1 is perceived, occurs in
the second and third areas AR2 and AR3

[0104] Hereinafter, the red pixels of the first comparison
liquid crystal panel 1A driven by the positive or negative data
voltages will be described with reference to FIG. 4A. Refer-
ring to FIG. 4A, the red pixels R+ included in the pixels
arranged in the first row of the first comparison liquid crystal
panel 1A receive the positive data voltage during a first hori-
zontal scan period 1H in response to the gate signal applied to
the first gate line G1. In this case, the ripple occurs in the
positive direction of the common voltage. In addition, the red
pixels R-included in the pixels arranged in the second row of
the first comparison liquid crystal panel 1A receive the nega-
tive data voltage during a second horizontal scan period 1H
following the first horizontal scan period 1H in response to
the gate signal applied to the second gate line G2. In this case,
the ripple occurs in the negative direction of the common
voltage.

[0105] Thered pixelsofthe second comparison liquid crys-
tal panel 1B are driven by the positive or negative data volt-
ages will be described with reference to F1G. 4B. Referring to
FIG. 4B, the second comparison liquid crystal panel 1B dis-
plays the red image in fifth and sixth areas AR5 and AR6
during the i-th frame period and displays the red image in
sixth and seventh areas AR6 and AR7 during the (i+1 )th frame
period. In this case, a difference in brightness between the red
pixel applied with the positive data voltage and the red pixel
applied with the negative data voltage occurs, and as a result,
a vertical line seems to move when the i-th frame period is
changed to the (i+1)th frame period. The phenomenon that
the vertical line seems to move is called a moving line-stain.
The moving line-stain may occur not only in the pixels dis-
playing specific colors but also in the pixels displaying the
white color.

[0106] That is, the horizontal crosstalk occurs in the first
comparison liquid crystal panel 1A shown in FIG. 4A and the
moving line-stain occurs in the second comparison liquid
crystal panel 1B shown in FIG. 4B.

[0107] Referring to FIG. 3 again, the red pixels R+ included
in the pixels arranged in the first row of the liquid crystal panel
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100 and the red pixels R- included in the pixels arranged in
the second row of the liquid crystal panel 100 are driven in
response to the gate signal applied to the second gate line G2
during one horizontal scan period.

[0108] The first and fifth data lines D1 and D5 are con-
nected to the red pixels R+ arranged in the first row to apply
the positive data voltage to the red pixels R+. The fourth and
eight data lines D4 and D8 are connected to the red pixels R-
arranged in the second row to apply the negative data voltage
to the red pixels R-. That is, the polarities of the data voltages
applied 1o the pixels to display the red color are offset with
respect to each other during one horizontal period, and thus
the ripple does not occur in the common voltage. Conse-
quently, the horizontal crosstalk phenomenon may be
improved.

[0109] In addition, since the pixels arranged in the same
row and displaying the same color in the liquid crystal panel
100 shown in FIG. 3 receive the data voltages having the same
polarity, the moving line-stain phenomenon may be
improved. That is, the horizontal crosstalk phenomenon and
the moving line-stain phenomenon may be improved.
[0110] FIG. 6 is a view showing a first pattern PTN1 of the
image data displayed through the liquid crystal panel 100
shown in FIG. 3.

[0111] Referring to FIGS. 1 and 6, the image data RGB
display the first pattern PTN1 on the liquid crystal panel 100.
According to the first pattern PTN1, the image is displayed in
the first pixels, but not displayed in the second pixels among
the first and second pixels commonly connected to one gate
line. In detail, a boundary extending in the first direction DR1
ofthe first pattern PTN1 is disposed between the first pixels in
the third pixel row PR3 and the second pixels in the fourth
pixel row PR4. The first pattern PTN1 displays the image in
the first pixels arranged in the third pixel row PR3 and does
not display the image in the second pixels arranged in the
fourth pixel row PR4.

[0112] Hereinafter, the red image displayed in the first to
third pixel rows PR1 to PR3 is described as the first pattern
PTN1 and a black image is displayed in red pixels in the
fourth pixel row PR4 in which the first pattern PTN1 is not
displayed. According to the display of the first pattern PTN1,
the red pixels included in the first to third pixel rows PR1 to
PR3 display the red image but the red pixels included in the
fourth pixel rows PR4 display the black image.

[0113] During a time in which the gate signal is applied to
the fourth gate line G4, the positive (+) data voltages are
applied to the red pixels R+ arranged in the third pixel row
PR3 and no voltages is applied to the red pixels R- arranged
in the fourth pixel row PR4. Therefore, when the gate signal
is applied to the fourth gate line G4, the ripple occurs in the
positive direction of the common voltage and the horizontal
crosstalk (one line crosstalk) occurs in one line shape.
[0114] FIG. 7 is a view showing an image obtained by
modulating the first pattern of the image data.

[0115] Referring to FIGS. 1, 6, and 7, when the image data
RGB have the first pattern PTN1, the liquid crystal panel 100
applies the data voltages that are other than zero to the red
pixels R- arranged in the fourth pixel row PR4. The data
voltages applied to the red pixel R~ arranged in the fourth
pixel row PR4 are determine on the basis of the data voltages
applied to the red pixels R+ arranged in the third pixel row
PR3.

[0116] The timing controller 200 modulates the image data
RGB when the image data RGB have the first pattern PTN1,
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and thus the data voltages that are other than zero are applied
not only to the red pixels R+ arranged in the third pixel row
PR3 but also to the red pixels R- arranged in the fourth pixel
row PR4.

[0117] According to the present exemplary embodiment,
when the image data RGB have the first pattern PTNI1, the
data voltages that are other than zero may be applied to the red
pixels R- arranged in the fourth pixel row PR4. Since the red
pixels R+ arranged in the third pixel row PR3 receive the data
voltages having the polarity opposite to that of the data volt-
ages applied to the red pixels R- arranged in the fourth pixel
row PR4, the ripple may be prevented from occurring in the
common voltage during the time in which the gate signal is
applied to the fourth gate line G4. Thus, the one line crosstalk
may be prevented from being generated.

[0118] FIG. 8is a block diagram showing the timing con-
troller 200 shown in FIG. 1.

[0119] Hereinafter, the timing controller 200 will be
described in detail with reference to FIGS. 1 and 6 to 8.
[0120] Referring to FIG. 8, the timing controller 200
includes a pattern analyzing part 210, a modulating determin-
ing part 220, and a data modulating part 230.

[0121] The pattern analyzing part 210 analyzes the pattern
of the image data RGB. The pattern analyzing part 210 ana-
lyzes whether the pattern of the image data RGB displays the
image in the first pixels or the second pixels. The first and
second pixels share one gate line, display the same color, and
are disposed in different rows from each other. For instance,
the pattern analyzing part 210 analyzes whether the pattern of
the image data RGB displays the image in the first pixels and
does not display the image in the second pixels. In other
words, the pattern analyzing part 210 checks whether the
boundary extending in the firstdirection DR1 ofthe pattern of
the image data RGB is disposed between the first and second
pixels.

[0122] According to the result of analyzing the pattern of
the image data RGB, when the boundary extending in the first
direction DR1 of the pattern of the image data RGB is not
disposed between the first and second pixels, the pattern
analyzing part 210 transmits the image data RGB without
modulation.

[0123] According to the result of analyzing the pattern of
the image data RGB, when the boundary extending in the first
direction DR1 of the pattern of the image data RGB is dis-
posed between the first and second pixels, the pattern analyz-
ing part 210 outputs an analyzing signal C1. When the image
data RGB have the first pattern PTN1 shown in FIG. 6, the
boundary extending in the first direction DR1 of the first
pattern PTN1 is disposed between the third pixel row PR3 and
the fourth pixel row PR4, and thus the pattern analyzing part
210 outputs the analyzing signal C1.

[0124] The pattern analyzing part 210 analyzes the image
data RGB using three by three mask filters and gets the
boundary extending in the firstdirection DR1 ofthe pattern of
the image data RGB. In detail, the pattern analyzing part 210
scan analyzes the image data RGB in the unit of data corre-
sponding to the pixels arranged in three rows by three col-
umns to get the boundary extending in the first direction DR1
of the pattern of the image data RGB on the basis of the
analyzed result.

[0125] The modulating determining part 220 determines
the modulation of the image data RGB in response to the
analyzing signal C1.
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[0126] The image data RGB may include first pixel data
displayed in at least a portion of the first pixels and second
pixel data displayed in at least a portion of the second pixels.
When the image data RGB have the first pattern PTN1, the
image data RGB include the first pixel data displayed in at
least a portion of the red pixels arranged in the third pixel row
and the second pixel data displayed in at least a portion of the
red pixels arranged in the fourth pixel row PR4.

[0127] The first pixel data have a first grayscale value and
the second pixel data have a second grayscale value different
from the first grayscale value. When the image dataRGB have
the first pattern PTN1, the first grayscale value is not zero and
the second grayscale value is zero.

[0128] The modulating determining part 220 checks
whether the number of the first pixels in which the first pixel
data are displayed is equal to or greater than a reference
number. When the number of the first pixels in which the first
pixel data are displayed is equal to or greater than the refer-
ence number, the modulation determining part 220 outputs a
modulating signal C2 to modulate data. The reference num-
ber is determined depending on the number of the first pixels
displaying the first pixel data, which causes the ripple in the
common voltage. Instead of using the reference number, the
modulating determining part 220 may check whether sum of
gray voltages of the first pixels in which the first pixel data are
displayed is equal to or greater than a reference voltage to
decide whether the modulation determining part 220 outputs
amodulating signal C2 to modulate data. The reference volt-
age of the first pixels is determined depending on the sum of
gray voltages of the first pixels displaying the first pixel data,
which causes the ripple in the common voltage.

[0129] According to FIG. 7, the number of the red pixels of
the third pixel row PR3, in which the image is displayed, is
two (2). When the reference number is one (1), the modula-
tion determining part 220 outputs the modulating signal C2.
In other words, when the image data RGB have the pattern
causing the one line crosstalk, the modulation determining
part 220 outputs the modulating signal C2.

[0130] The modulation determining part 220 outputs
unmodulated image data RGB without changing the image
data RGB when the number of the first pixels displaying the
first pixel data or the sum of gray voltages of the first pixels is
smaller than the reference number or the reference voltage,
respectively.

[0131] The data modulating part 230 modulates the image
data RGB in response to the modulation signal C2.

[0132] The data modulating part 230 modulates the first
and second pixel data to allow the first and second pixel data
have grayscale values between the first and second grayscale
values.

[0133] The data modulating part 230 modulates the first
pixel data to generate first modulated pixel data having a third
grayscale value smaller than the first grayscale value. The
data modulating part 230 modulates the second pixel data to
generate second modulated pixel data having a fourth gray-
scale value. The third grayscale value may be equal to the
fourth grayscale value. The data modulating part 230 outputs
the modulated image data RGB' having the first and second
modulated pixel data.

[0134] For instance, the first grayscale value may corre-
spond to a highest brightness and the second grayscale value
may correspond to a lowest brightness, e.g., a black color. The
first pixels, in which the first pixel data are displayed, display
the red at the highest brightness and the second pixels, in
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which the second pixel data are displayed, display the black.
The data modulating part 230 modulates the first and second
pixel data to generate the first and second modulated pixel
data having the grayscale value corresponding to a half of the
highest brightness. Fach of the first pixels, in which the first
modulated pixel data are displayed. and the second pixels, in
which the second modulated pixel data are displayed, dis-
plays the red corresponding to the half of the highest bright-
ness.

[0135] Each of the third and fourth grayscale values corre-
sponds to a half of the sum of the first and second grayscale
values. Accordingly, the brightness of the first and second
pixels, in which the first and second pixel data area displayed,
may be substantially the same as the brightness of the first and
second pixels in which the first and second modulated pixel
data are displayed. For instance, the brightness of the image
displayed in the red pixels R+ arranged in the third pixel row
PR3 shown in FIG. 6 may be substantially the same as a sum
of the brightness of the image displayed in the red pixels R+
arranged in the third pixel row PR3 and the brightness of the
image displayed in the red pixels R- arranged in the fourth
pixel row PR4 shown in FIG. 7.

[0136] Among the red pixels R- arranged in the fourth
pixel row PR4, the second pixel data displayed in the red
pixels R- connected to the fourth data line D4 are generated
on the basis of the first pixel data displayed in the red pixels
R+ connected to the first and fifth data lines D1 and D5 among
the red pixels R+ arranged in the third pixel row PR3, but they
should not be limited thereto or thereby. That is, among the
red pixels R— arranged in the fourth pixel row PR4, the second
pixel data displayed in the red pixels R— connected to the
fourth data line D4 are generated on the basis of the first pixel
data displayed in the red pixels R+ connected to one of the
first and fifth data lines D1 and D5 among the red pixels R+
arranged in the third pixel row PR3.

[0137] According to the present exemplary embodiment,
when the boundary extending in the first direction DR1 of the
pattern of the image data RGB is disposed between the first
and second pixels and the number of the first pixels displaying
the first pixel data or the sum of gray voltages of the first
pixels is equal to or greater than the reference number or the
reference voltage, respectively, the one line crosstalk may be
prevented from occurring since the first and second pixels
share the brightness of the image displayed in the first pixels.
[0138] FIG. 91isa view showing a second pattern PTN2 of
the image data displayed through the liquid crystal panel
shown in FIG. 3 and FIG. 10 is a view showing an image
obtained by modulating the second pattern of the image data.
[0139] Referring to FIGS. 6 and 9, the second pattern PTN2
may include different pixels from those of the first pattern
PTN1 and a boundary extending in the first direction DR1 of
the second pattern PTN2 may be disposed between the first
pixels in the second pixel row PR2 and the second pixels in
the first pixel row PR1. Accordingly, similar to the first pattern
PTN1, the one line crosstalk may occur in the second pattern
PTN shown in FIG. 9.

[0140] Referring to FIGS.1,9, and 10, when theimage data
RGB have the second pattern PTN2, the liquid crystal panel
100 applies the data voltages that are other than zero to the
second pixels, the red pixels R+ arranged in the first pixel row
PR1. The data voltages applied to the red pixels R+ arranged
in the first pixel row PR1 are determined on the basis of the
data voltages applied to the red pixels R- arranged in the
second pixel row PR2.
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[0141] When the image data RGB have the second pattern
PTN2, the timing controller 200 modulates the image data
RGB to apply the data voltages that are other than zero not
only to the red pixels R- arranged in the second pixel row PR2
but also the red pixels R+ arranged in the first pixel row PR1.
The data modulation performed by the timing controller 200
is substantially similar to that described with reference to
FIG. 8, and thus details thereof will be omitted.

[0142] According to the present exemplary embodiment,
when the image data RGB have the second pattern PTN2, the
data voltages that are other than zero may be applied to the red
pixels R+ arranged in the first pixel row PR1. Since the red
pixels R+ arranged in the first pixel row PR1 receive the data
voltages having the polarity opposite to that of the data volt-
ages applied to the red pixels R— arranged in the second pixel
row PR2, the ripple may be prevented from occurring in the
common voltage during the time in which the gate signal is
applied to the first gate line G1. Thus, the one line crosstalk
may be prevented from being generated.

[0143] FIG. 11 is a flowchart showing a method of process-
ing data of a display apparatus according to an exemplary
embodiment of the present disclosure.

[0144] Referring to FIGS. 1, 3, 6, and 11, the liquid crystal
panel 100 is provided (S110). The configurations of the liquid
crystal panel 100 are as shown in FIG. 3, and thus details
thereof will be omitted.

[0145] The timing controller 200 receives the image data
RGB (5120).
[0146] Then, the timing controller 200 checks whether the

boundary extending in the first direction DR1 of the pattern of
the image data RGB is disposed between the first and second
pixels (§130). The checking of the position of the boundary
(5130) is performed by scan-analyzing the image data RGB
in the unit of data corresponding to the pixels arranged in
three rows by three columns. Through the checking of the
position of the boundary (S130), the image data having the
pattern causing the one line crosstalk are primarily deter-
mined.

[0147] When it is determined that the boundary extending
in the first direction DR1 of the pattern of the image data RGB
is not disposed between the first and second pixels (S130), the
data voltages corresponding to the image data RGB are
applied to the liquid crystal panel (S170). That is, the image
data RGB are not modulated.

[0148] When it is determined that the boundary extending
in the first direction DR1 of the pattern of the image data RGB
is disposed between the first and second pixels (S130), it is
determined whether the number of the first or second pixels
displaying the pattern is equal to or greater than the reference
number or the sum of gray voltages of the first pixels is greater
than the reference voltage (S140). Through the checking of
the number or the sum of gray voltages of the first or second
pixels displaying the pattern (S140), the image data having
the pattern causing the one line crosstalk are secondary deter-
mined.

[0149] When it is determined that the number of the first or
second pixels displaying the pattern is smaller than the refer-
ence number or the sum of gray voltages of the first pixels is
smaller than the reference voltage (S140), the data voltages
corresponding to the image data RGB are applied to the liquid
crystal panel (S170).

[0150] Whenitis determined that the number of the first or
second pixels displaying the pattern is equal to or greater than
the reference number or the sum of gray voltages of the first
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pixels is equal to or greater than the reference voltage (S140),
the image data RGB are modulated (5150). The image data
RGB include the first pixel data corresponding to the first
pixels and having the first grayscale value and the second
pixel data corresponding to the second pixels and having the
second grayscale value. The first modulated pixel data having
the third grayscale value between the first and second gray-
scale values to correspond to the first pixels and the second
modulated pixel data having the fourth grayscale value
between the first and second grayscale values to correspond to
the second pixels are generated through the modulating of the
image data RGB.

[0151] Then, the data voltages corresponding to the modu-
lated image data are applied to the liquid crystal panel 100
(S160).

[0152] FIGS. 121022 are plan views showing liquid crystal
panels according to various exemplary embodiments of the
present disclosure. In FIGS. 12 to 22, different features of the
liquid crystal panels from those of the liquid crystal panel
shown in FIG. 3 will be mainly described.

[0153] In the following embodiments, the polarities of the
data voltages applied to the data lines are inverted every two
datalines. In FIGS. 12 to 22, the polarities of the data voltages

applied to the data lines are inverted in order of +, +, -, -, +,
+, -, and —.
[0154] Different from the liquid crystal panel 100 shown in

FIG. 3, each of the liquid crystal panels 100A to 100D shown
in FIGS. 12 to 15 has a structure that the pixels arranged in the
same column are alternately connected to two data lines adja-
cent thereto in the unit of two pixels. Referring to FIGS. 12 to
15, the pixels arranged in a u-th (u is a natural number)
column disposed between a j-th (j is a natural number) data
lineand a (j+1)th data line are alternately connected to the j-th
data line and the (j+1)th data line in the unit of two pixels.
[0155] Different from the liquid crystal panel 100 shown in
FIG. 3, each of the liquid crystal panels 100B to 100D shown
in FIGS. 13 to 15 has a structure that the pixels arranged in the
same column are alternately connected to two data lines adja-
cent thereto in the unit of two pixels. Referring to FIGS. 12 to
15, the pixels arranged in a h-th row disposed between a k-th
gate line and a (k+1)th gate line are alternately connected to
the k-th gate line and the (k+1)th gate line in the unit of at least
one pixel.

[0156] Referring to FIG. 12, the pixels arranged in the h-th
row disposed between the k-th gate line and the (k+1)th gate
line of the liquid crystal panel 100A are alternately connected
to the k-th gate line and the (k+1)th gate line in the unit of one
pixel.

[0157] Referring to FIG. 13, the pixels arranged in the h-th
row disposed between the k-th gate line and the (k+1)th gate
line of the liquid crystal panel 100B are alternately connected
to the k-th gate line and the (k+1)th gate line in the unit of two
pixels.

[0158] Referring to FIG. 14, the pixels arranged in the h-th
row disposed between the k-th gate line and the (k+1)th gate
line of the liquid crystal panel 100C are alternately connected
to the k-th gate line and the (k+1)th gate line in the unit of four
pixels.

[0159] Referring to FIG. 15, the pixels arranged in the h-th
row disposed between the k-th gate line and the (k+1)th gate
line of the liquid crystal panel 100D are alternately connected
to the k-th gate line and the (k+1)th gate line, and the gate line,
to which each of the pixels arranged in the h-th row disposed
between the k-th gate line and the (k+1)th gate line of the
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liquid crystal panel 100D is connected, is changed to the k-th
or (k+1)th gate line in the unit of four pixels.

[0160] Each of the liquid crystal panels 100E to 100H
shown in FIGS. 16 to 19 has the same structure and function
as those of the liquid crystal panels 100A to 100D shown in
FIGS. 12 to 15 except that the pixels arranged in the same
column are alternately connected to two data lines adjacent
thereto in the unit of four pixels.

[0161] Each of the liquid crystal panels 1001 to 100K
shown in FIGS. 20 to 22 has the same structure and function
as those of the liquid crystal panels 100B to 100D shown in
FIGS. 13 to 15 except that the pixels arranged in the same
column are alternately connected to two data lines adjacent
thereto in the unit of one pixel.

[0162] Each of the liquid crystal panels 100A to 100K
shown in FIGS. 12 to 22 may improve the horizontal crosstalk
phenomenon and the moving line-stain phenomenon.

[0163] Although the exemplary embodiments of the
present inventive concept have been described, it is under-
stood that the present inventive concept should not be limited
to these exemplary embodiments but various changes and
modifications can be made by one ordinary skilled in the art
within the spirit and scope of the present inventive concept as
hereinafter claimed.

What is claimed is:

1. A display apparatus comprising:

a liquid crystal panel comprising a plurality of gate lines
extending in a first direction, a plurality of data lines
extending in a second direction crossing the first direc-
tion, and a plurality of pixels connected to the gate lines
and the data lines;

a gate driver applying gate signals to the gate lines;

a data driver applying data voltages to the data lines; and

a timing controller receiving a control signal and image
data to apply a gate control signal to the gate driver and
to apply a data control signal to the data driver, wherein
the pixels comprise pixels arranged in a h-th (h is a
natural number) row and pixels arranged in a (h+1)th
row, which are adjacent to each other in the second
direction such that a (k+1)th (k is a natural number) of
the gate lines is disposed between the pixels arranged in
the h-th row and the pixels arranged in the (h+1)th row,
first pixels displaying a first color and connected to the
(k+1)th gate line among the pixels arranged in the h-th
row, and second pixels displaying the first color and
connected to the (k+1)th gate line among the pixels
arranged in the (h+1)th row, are spaced apart from each
other in the first direction and receive data voltages
having different polarities, the image data comprise first
pixel data displayed in at least a portion of the first pixels
and second pixel data displayed in at least a portion of
the second pixels, and when the first pixel data have a
first grayscale value and the second pixel data have a
second grayscale value different from the first grayscale
value, the timing controller modulates the first and sec-
ond pixel data to allow the first and second pixel data to
have a grayscale value between the first and second
grayscale values.

2. The display apparatus of claim 1, wherein the timing
controller modulates the first pixel data to generate first
modulated pixel data having a third grayscale value different
from the first and second grayscale values and modulates the
second pixel data to generate second modulated pixel data
having the third grayscale value.
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3. The display apparatus of claim 2, wherein the third
grayscale value corresponds to a half of a sum of the first and
second grayscale values.

4. The display apparatus of claim 1, wherein the timing
controller comprises:

a pattern analyzing part configured to analyze a pattern of
the image data and determining whether a boundary of
the pattern extending in the first direction is disposed
between the first and second pixels;

a modulation determining part configured to determine
whether a number of the first pixels displaying the pat-
tern or a number of the second pixels displaying the
pattern is equal to or greater than a reference number;
and

a data modulating part configured to modulate the first and
second pixel data.

5. The display apparatus of claim 4, wherein the data
modulating part modulates the first and second pixel data
when the boundary extending in the first direction of the
pattern is disposed between the first and second pixels and the
number of the first pixels displaying the pattern or the number
of the second pixels displaying the pattern is equal to or
greater than the reference number.

6. The display apparatus of claim 4, wherein the data
modulating part does not modulate the first and second pixel
data when the boundary extending in the first direction of the
pattern is not disposed between the first and second pixels or
when the number of the first pixels displaying the pattern or
the number of the second pixels displaying the pattern is
smaller than the reference number.

7. The display apparatus of claim 4, wherein, when the first
grayscale value is not zero and the second grayscale value is
zero, the modulation determining part checks whether the
number of the first pixels displaying the pattern is equal to or
greater than the reference number, and when the second gray-
scale value is not zero and the first grayscale value is zero, the
modulation determining part checks whether the number of
the second pixels displaying the pattern is equal to or greater
than the reference number.

8. The display apparatus of claim 1, wherein the first color
is a red, green, blue, or white color.

9. The display apparatus of claim 1, wherein the pixels
arranged in the h-th row comprise a first pixel group and a
second pixel group, which are sequentially arranged in the
first direction, the pixels arranged in the (h+1)th row comprise
athird pixel group and a fourth pixel group, which are sequen-
tially arranged in the first direction, and each of the first,
second, third, and fourth pixel groups comprises an even
number of pixels.

10. The display apparatus of claim 9, wherein each of the
first and fourth pixel groups comprises two pixels of a red
pixel, a green pixel, a blue pixel, and a white pixel, and each
of the second and third pixel groups comprises the other two
pixels of the red pixel, the green pixel, the blue pixel, and the
white pixel.

11. The display apparatus of claim 1, wherein the second
pixels are included in the pixels arranged ina (2u+1)th (uisa
natural number) column when the first pixels are included in
the pixels arranged in a (2u-1)th column, and when the first
pixels are included in the pixels arranged in a 2u-th column,
the second pixels are included in the pixels arranged in a
(2u+2)th column.

12. The display apparatus of claim 1, wherein, among the
pixels arranged in the (2u-1)th (u is a natural number) col-
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umn, two pixels adjacent to each other in the second direction
such that a 2k-th gate line is disposed between the two pixels
are commonly connected to the 2k-th gate line, and among the
pixels arranged in the 2u-th column, two pixels adjacent to
each other in the second direction such that a (2k-1)th gate
line is disposed between the two pixels are commonly con-
nected to the (2k-1)th gate line.
13. The display apparatus of claim 1, wherein, among the
pixels arranged in the (2u-1)th (u is a natural number) col-
umn, two pixels adjacent to each other in the second direction
such that a (2k-1)th gate line is disposed between the two
pixels are commonly connected to the (2k-1)th gate line, and
among the pixels arranged in the 2u-th column, two pixels
adjacent to each other in the second direction such that a 2k-th
gate line is disposed between the two pixels are commonly
connected to the 2k-th gate line.
14. The display apparatus of claim 1, wherein the pixels
arranged in a u-th (u is a natural number) column, which is
disposed between a j-th (j is a natural number) and a (j+1)th
data line of the data lines, are alternately connected to the j-th
data line and the (j+1)th data line in the unit of at least one
pixel.
15. The display apparatus of claim 14, wherein the polarity
of the data voltages applied to the data lines is inverted every
at least one data line.
16. The display apparatus of claim 14, wherein the pixels
arranged in the h-th row, which is disposed between a k-th
gate line and a (k+1)th gate line of the gate lines, are alter-
nately connected to the k-th gate line and the (k+1)th gate line
in the unit of at least one pixel.
17. A method of processing data of a display apparatus,
comprising:
providing a liquid crystal panel comprising a plurality of
gate lines extending in a first direction, a plurality of data
lines extending in a second direction crossing the first
direction, and a plurality of pixels connected to the gate
lines and the data lines, the pixels comprising pixels
arranged in a h-th (h is a natural number) row and pixels
arranged in a (h+1)th row, which are adjacent to each
other in the second direction such that a (k+1)th (k is a
natural number) of the gate lines is disposed between the
pixels arranged in the h-th row and the pixels arranged in
the (h+1)th row, first pixels displaying a first color and
connected to the (k+1)th gate line among the pixels
arranged in the h-th row, and second pixels displaying
the first color and connected to the (k+1)th gate line
among the pixels arranged in the (h+1)th row, being
spaced apart from each other in the first direction and
receiving data voltages having different polarities;

determining whether a boundary extending in the first
direction of a pattern of the image data is disposed
between the first and second pixels;

determining whether a number ofthe first pixels displaying

the pattern or a number of the second pixels displaying
the pattern is equal to or greater than a reference number
when the boundary extending in the first direction of the
pattern of the image data is disposed between the first
and second pixels; and

modulating the image data comprising first pixel data cor-

responding to the first pixels and having a first grayscale
value and second pixel data corresponding to the second
pixels and having a second grayscale value when the
number of the first pixels or the second pixels displaying
the pattern of the image data is equal to or greater than
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the reference number to generate first modulated pixel
data corresponding to the first pixels and having a third
grayscale value between the first and second values and
second modulated pixel data corresponding to the sec-
ond pixels and having a fourth grayscale value between
the first and second grayscale values.

18. The method of claim 17, wherein the third grayscale
value is substantially equal to the fourth grayscale value.

19. The method of claim 17, wherein the image data are not
modulated when the boundary extending in the first direction
of the pattern of the image data is not disposed between the
first and second pixels or the number of the first pixels dis-
playing the pattern or the number of the second pixels dis-
playing the pattern is smaller than the reference number.

20. The display apparatus of claim 1, wherein the timing
controller comprises:

a pattern analyzing part configured to analyze a pattern of
the image data and determining whether a boundary of
the pattern extending in the first direction is disposed
between the first and second pixels;

a modulation determining part configured to determine
whether sum of gray voltage of the first pixels displaying
the pattern or sum of gray voltage of the second pixels
displaying the pattern is equal to or greater than a refer-
ence voltage; and

a data modulating part configured to modulate the first and
second pixel data.
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