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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2014-0157397, filed on
Nov. 12,2014, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to a liquid crystal
display device, in which a data voltage supplied to a data line
has either a positive polarity or a negative polarity, and a
driving method thereof.

[0004] 2. Discussion of the Background

[0005] Various flat panel displays have recently been devel-
oped as alternatives to a relatively heavy and bulky cathode
ray tube (CRT) display. The flat panel displays include a
liquid crystal display (LCD), a field emission display (FED),
a plasma display panels (PDP), an organic light emitting
display (OLED), and the like.

[0006] For the LCD device, it is advantageous to improve a
ratio (transmissivity) of luminance of light reaching a user to
luminance of light emitted from a backlight. In order to
improve transmissivity, a method has been developed in
whichred (R), green (G), blue (B), and white (W) pixels form
one pixel group and light emitted in an area corresponding to
a white (W) pixel part reaches the user without passing
through a color filter.

[0007] Further, theliquid crystal display device is driven by
a difference in a voltage between two electrodes (a pixel
electrode anda common electrode) supplied to both terminals
of liquid crystal. When a voltage level supplied to the pixel
electrode 1s higher than a voltage level supplied to the com-
mon electrode, a polarity of a data voltage supplied to the
pixel electrode is referred to as having “positive polarity”.
When a voltage level supplied to the pixel electrode is lower
than a voltage level supplied to the common electrode, a
polarity of a data voltage supplied to the pixel electrode is
referred to as having “negative polarity”.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0009] Exemplary embodiments provide a liquid crystal
display device, in which a polarity of a data voltage supplied
to a data line is a positive polarity or a negative polarity, and
a driving method thereof.

[0010] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent from
the disclosure, or may be learned by practice of the inventive
concept.

[0011] An exemplary embodiment discloses a liquid crys-
tal display device, including: pixels; data lines and scan lines
coupled to the pixels; and a driver configured to supply a scan
signal to the scan lines, and to supply a data voltage to the data
lines. The data lines include first to sixth data lines, which are
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adjacent to each other, and in a first frame, a polarity of the
data voltage supplied to each of the first to third data lines has
apositive polarity, and the data voltage supplied to each of the
fourth to sixth data lines has a negative polarity

[0012] An exemplary embodiment also discloses a method
of driving a liquid crystal display device including: determin-
ing a driving mode; and driving the liquid crystal display
device ina first mode, in which the driving of the liquid crystal
display device in the first mode includes: determining polarity
information corresponding to data lines; receiving image data
from the outside; and determining levels of data voltages
supplied to the data lines based on the polarity information
and the image data, and supplying the data voltage, of which
the level is determined, to the data lines. In a first frame
displayed by the supplying of the data voltage to the data
lines, the data voltage supplied to each of the first to third data
lines among the first to sixth data lines has a positive polarity,
and the data voltage supplied to each of the fourth to sixth data
lines has a negative polarity.

[0013] The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain principles
of the inventive concept.

[0015] FIG. 1A is a diagram for describing a liquid crystal
display device according to an exemplary embodiment of the
present invention.

[0016] FIG. 1B is a diagram for describing an exemplary
embodiment of a pixel illustrated in FIG. 1A.

[0017] FIG. 2 is a diagram for describing an exemplary
embodiment of a pixel group illustrated in FIG. 1A.

[0018] FIG. 3A and FIG. 3B are diagrams for describing
polarity information output from a polarity information out-
put unit illustrated in FIG. 1A.

[0019] FIG. 4is a flowchart for describing a driving method
of the liquid crystal display device according to an exemplary
embodiment of the present invention.

[0020] FIG. 5 is a flowchart for describing an operation of
determining a driving mode in the method illustrated in FIG.
4.

[0021] FIG. 6Ais a flowchart for describing an operation of
driving the liquid crystal display device in a first mode illus-
trated in F1G. 4.

[0022] FIG. 6B is a flowchart for describing an operation of
driving the liquid crystal display device in a second mode
illustrated in FIG. 4.

is DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
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block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0024] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0025] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer 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. It will also be understood that
when an element is referred to as being “between” two ele-
ments, it may be the only element between the two elements,
or one or more intervening elements may also be present. For
the purposes of this disclosure, “at least one of X, Y, and 7~
and “at least one selected from the group consisting of X, Y,
and 7 may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and Z7. Like numbers refer to like
elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0026] 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 used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element, com-
ponent, region, layer, and/or section discussed below could be
termed a second element, component, region, layer, and/or
section without departing from the teachings of the present
disclosure.

[0027] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper.” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or feature
(s) as illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the ori-
entation depicted in the drawings. For example, if the appa-
ratus in the drawings 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. Furthermore, the apparatus may be oth-
erwise oriented (e.g., rotated 90 degrees or at other orienta-
tions), and, as such, the spatially relative descriptors used
herein interpreted accordingly.

[0028] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, components,
and/or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-

tions, elements, components, and/or groups thereof.

29 <,
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[0029] FIG. 1A is a diagram for describing a liquid crystal
display device according to an exemplary embodiment of the
present invention. Referring to FIG. 1A, a liquid crystal dis-
play device includes a driver 100 and a display panel 200.
[0030] The driver 100 may include a host 110, a timing
controller 120, a data driver 130, and a scan driver 140.
[0031] The host 110 receives a signal from the outside and
provides the received signal to the timing controller 120. The
host 110 includes a system on chip, including a scaler therein.
The host 110 may provide an image data RGB, a vertical
synchronization signal VSYNC, and a horizontal synchroni-
zation signal HSYNC to the timing controller 120. The image
data RGB may include gray levels corresponding to pixels
P(1,1) to P(2m, 2) (m and n are positive integers) within the
display panel 200, respectively.

[0032] The timing controller 120 receives the synchroniza-
tion signals VSYNC and HSYNC from the host 110 and
generates timing control signals DCS and SCS for controlling
operation timing of a data driver 130 and a scan driver 140.
Further, the timing controller 120 outputs the image data
RGB to the data driver 130 so that the display panel 200 may
display an image. The timing controller 120 may include a
mode determination unit 121. The mode determination unit
121 outputs a mode control signal MCS. When the mode
control signal MCS has a first logic value, the liquid crystal
display device is driven in a first mode, and when the mode
control signal MCS has a second logic value, the liquid crystal
display device is driven in a second mode. The mode deter-
mination unit 121 may be embedded in the timing controller
120 in the form of software. In an exemplary embodiment,
referring to FIG. 1A, the mode determination unit 121 is
included in the timing controller 120, but may instead be
included in the host 110 or the data driver 130, Otherwise, a
signal from the outside may also be included in the mode
control signal.

[0033] The data driver 130 latches the image data RGB
input from the timing controller 120 in response to a data
timing control signal DCS. The data driver 130 may include a
plurality of source drive ICs. The data driver 130 includes a
polarity information output unit 131. The polarity informa-
tion output unit 131 outputs polarity information based on the
logic value of the mode control signal MCS, and the data
driver 130 supplies a data voltage to data lines D1 to D2r
based on the image data RGB and the polarity information.
For example, for the data line D1, when a data voltage corre-
sponding to the data line D1 has a positive polarity, a level of
a common voltage is 1 V(volt), and a voltage level corre-
sponding to a gray level of the data line D1 is 2V, alevel of the
data voltage supplied to the data line D11s 3V (1V+2V). The
polarity information output unit 131 may also output pre-
stored polarity information, or otherwise calculate polarity
information and output the calculated polarity information in
real time. The polarity information output unit 131 may be
embedded in the data driver 130 in the form of software, or
may also be included in the timing controller 120 or the host
110, instead of the data driver 130. The polarity information
will be described in detail with reference to FIG. 3A and FIG.
3B below.

[0034] The scan driver 140 supplies a scan signal to scan
lines S1 to S2m in response to a scan timing control signal for
each frame.

[0035] The display panel 200 includes pixels P(1,1) to
P(2m,2n) (hereinafter, referred to as “P”), scan lines S1 to
S2m (hereinafter referred to as “S”), and data lines D1 to D2
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(hereinafter referred to as “D”), which are electrically
coupled to the pixels P. Each pixel P is included in one of the
pixel groups PG(1,1) to PG(m,n) (hereinafter, referred to as
“PG”). The pixels P(1,1), P(1,2), P(2,1), and P(2,2) included
in the pixel group PG(1,1) display different colors from each
other.

[0036] FIG. 1B is a diagram for describing an exemplary
embodiment of the pixel illustrated in FIG. 1A. The pixel
P(1,1) electrically coupled to the scan line S1 and the data line
D1 is illustrated in FIG. 1B. Referring to FIG. 1B, the pixel
P(1,1) includes a transistor T, a liquid crystal cell Cle, a
storage capacitor Cst, and a pixel electrode PE.

[0037] ThetransistorT is disposed between the data line D1
and the pixel electrode PE, and a gate electrode thereof is
coupled to the scan line S1. The liquid crystal cell Clc is
driven by a difference in a voltage between the pixel electrode
PE and the common electrode Vcom. The storage capacitor
Cstis disposed between the common electrode Vcom and the
pixel electrode PE, and maintains a difference in a voltage
between the pixel electrode PE and the common electrode
Veom for a predetermined period of time.

[0038] FIG. 2 is a diagram for describing one exemplary
embodiment of a pixel group illustrated in FIG. 1A. Herein-
after, the pixel group will be described with reference to FIG.
1A and FIG. 2. In FIG. 2, eight pixel groups PG(1,1) to
PG(2,4) are illustrated. The data lines D1 to D8 extend in a
first direction, and the scan lines S1 to S4 extend in a second
direction crossing the first direction.

[0039] Each of the pixel groups PG(1,1) to PG(2.4)
includes four pixels. As an example, the pixel group PG(1,1)
includes a first pixel P(1,1) for displaying a first color, a
second pixel P(1,2), which displays a second color, is coupled
to the same scan line S1 as that of the first pixel P(1,1), and is
adjacent to the first pixel P(1,1) in the second direction, a third
pixel P(2,1), which displays a third color, is coupled to the
same data line D1 as that of the first pixel P(1,1), and is
adjacent to the first pixel P(1,1) in the first direction, and a
fourth pixel P(2,2), which displays a fourth color, is coupled
to the same data line D2 as that of the second pixel P(2,1), and
the same scan line S2 as that of the third pixel P(2,1). Here, the
first color, the second color, the third color, and the fourth
color may be red, green, blue, and white (R, G, B, and W).
[0040] The pixel group PG(2,1) adjacent to the pixel group
PG(1,1) in the first direction includes a first pixel P(3,1), a
second pixel P(3,2), a third pixel P(4,1), and a fourth pixel
P(4,2). The data line D1 coupled to the first pixel P(1,1) of the
pixel group PG(1,1) is also coupled to the first pixel P(3,1) of
the pixel group PG(2,1).

[0041] The pixel group PG(1,2) adjacent to the pixel group
PG(1,1) in the second direction includes a first pixel P(2,3) for
displaying the first color, a second pixel P(2,4) for displaying
asecond color, a third pixel P(1,3) for displaying a third color,
and a fourth pixel P(1,4) for displaying a fourth color. The
scan line S1 coupled to the first pixel P(1,1) of the pixel group
PG(1,1) is adjacent to the scan line S2 coupled to the first
pixel P(2,3) of the pixel group PG(1,2).

[0042] The pixel groups PG(1,1) to PG(2.4) displayed in
FIG. 2 include the first pixels P(1,1), P(2,3), P(1,5), P(2,7),
P(3,1),P(4,3), P(3,5), and P(4,7) for displaying the first color,
the second pixels P(1,2), P(2,4), P(1,6), P(2,4), P(3,2), P(4,4),
P(3,6), and P(4,8) for displaying the second color, the third
pixels P(2,1), P(1,3), P(2,5), P(1,7), P(4,1), P(3.3), P(4,5),
and P(3,7) for displaying the third color, and the fourth pixels
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P(2.2), P(1.4), P(2,6), P(1,8), P(4,2), P(3.4), P(4,6), and P(3,
8) for displaying the fourth color.
[0043] FIG. 3A and FIG. 3B are diagrams for describing
polarity information output from the polarity information
output unit illustrated in FIG. 1A.

[0044] FIG. 3A is a diagram for describing polarity infor-
mation when the mode control signal MCS having the first
logic value is output by the mode determination unit 121.
When the mode determination unit 121 outputs the mode
control signal MCS having the first logic value, the liquid
crystal display device is driven in the first mode. One of six
elements of polarity information Plnfo1 to PInfoé constitut-
ing a polarity information group Plnfo is output from the
polarity information output unit 131. For example, when the
polarity information PInfo1 is output, a part corresponding to
D1 in the polarity information PInfol is indicated by “+”.
This means that the data voltage to be supplied to the data line
D1 has a positive polarity. A part corresponding to D4 in the
polarity information PInfol is indicated by “~. This means
that the data voltage to be supplied to the data line D4 has a
negative polarity. Polarities of the data voltages supplied to
the data lines D are determined based on the polarity infor-
mation Plnfol.

[0045] Thepolarity information PInfol may be output from
the polarity information output unit 131. In a first frame
displayed based on the polarity information Plnfol and the
image data RGB, the data voltage supplied to each of the first
to third data lines D1 to D3 has a positive polarity (+), and the
data voltage supplied to each of the fourth to sixth data lines
D4 to D6 has a negative polarity (-).

[0046] Thepolarity information PInfo2 may be output from
the polarity information output unit 131 right after the first
frame is displayed. Right after the first frame, in a second
frame displayed based on the polarity information PInfo2 and
the image data RGB, the data voltage supplied to each of the
second to fourth data lines D2 to D4 has a positive polarity
(+), and the data voltage supplied to each of the first, fifth, and
sixth data lines D1, D5, and D6 has a negative polarity (-).

[0047] Thepolarity information PInfo3 may be output from
the polarity information output unit 131 right after the second
frame is displayed. Right after the second frame, in a third
frame displayed based on the polarity information PInfo3 and
the image data RGB, the data voltage supplied to each of the
third to fifth data lines D3 to D5 has a positive polarity (+), and
the data voltage supplied to each of the first, second, and sixth
data lines D1, D2, and D6 has a negative polarity ().

[0048] Thepolarity information PInfo4 may be output from
the polarity information output unit 131 right after the third
frame is displayed. Right after the third frame, in a fourth
frame displayed based on the polarity information PInfo4 and
the image data RGB, the data voltage supplied to each of the
fourth to sixth data lines D4 to D6 has a positive polarity (+),
and the data voltage supplied to each of the first to third data
lines D1 to D3 has a negative polarity (-).

[0049] Thepolarity information PInfo5 may be output from
the polarity information output unit 131 right after the fourth
frame is displayed. Right after the fourth frame, in a fifth
frame displayed based on the polarity information PInfo5 and
the image data RGB, the data voltage supplied to each of the
first, fifth, and sixth data lines D1, D5, and D6 has a positive
polarity (+), and the data voltage supplied to each of the
second to fourth data lines D2 to D4 has a negative polarity

).
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[0050] Thepolarity information PInfo6 may be output from
the polarity information output unit 131 right after the fifth
frame is displayed. Right after the fifth frame, in a sixth frame
displayed based on the polarity information PInfo6é and the
image data RGB, the data voltage supplied to each of the first,
second, and sixth data lines D1, D2, and D6 has a positive
polarity (+), and the data voltage supplied to each of the third
to fifth data lines D3 to D5 has a negative polarity (-).
[0051] A seventh frame displayed right after the display of
the sixth frame is displayed based on the polarity information
PInfol and the image data RGB. That is, the polarity infor-
mation is repeated on a cycle of six frames. In the polarity
information illustrated in FIG. 3A, the polarity of the data
voltage supplied to the data line Da+6 (ais a positive integer)
may be the same as that of the data line Da. For example, the
polarity of the data voltage supplied to the seventh data line
D7 is the same as the polarity of the data voltage supplied to
the first data line D1, and the polarity of the data voltage
supplied to the eighth data line D8 is the same as the polarity
of the data voltage supplied to the second data line D2.
[0052] Hereinafter, a description will be given additionally
referring to FIG. 2. Whether a line extended in the first direc-
tion or the second direction is visible to a user by the polarity
information group Plnfo will be described based on the first
pixels P(1,1), P(2,3), P(1,5), P(2,7), P(3,1), P(4.3), P(3,5),
and P(4,7) for displaying the first color as an example. For
example, it is defined that when all of the data voltages sup-
plied to the first pixels P(1,1) and P(3,1) coupled to the data
line D1 have a first polarity (positive or negative), and all of
the data voltages supplied to the first pixels P(2,3) and P(4,3)
coupled to the data line D3 have a second polarity (other than
the first polarity), a line extending in the first direction and
positioned between the data line D1 and the data line D3 is
visible to a user. It is defined that when all of the data voltages
supplied to the first pixels P(1,1) and P(1,5) coupled to the
scan line S1 have the first polarity, and when all of the data
voltages supplied to the first pixels P(2,3) and P(2,7) coupled
to the scan line S2 have the second polarity, a line positioned
extending in the second direction between the scan line S1
and the scan line S2 is viewed by the user. The data lines D1
and D3, and the scan lines S1 and S2, are illustrative.

[0053] Inthe first frame, the data voltage is supplied based
on the polarity information PInfol, the data voltages supplied
to the pixels P(1,1), P(2,3), P(2,7), P(3,1), P(4,3), and P(4,7)
have the positive polarity, and the data voltages supplied to
the pixels P(1,5) and P(3,5) have the negative polarity. The
lines extending in the first direction between the data line D3
and the data line D5, and the data line D5 and the data line D7,
may be visible to the viewer, and the line extended in the
second direction is not visible to the user.

[0054] In the second frame displayed right after the first
frame, the data voltage is supplied based on the polarity
information PInfo2, the data voltages supplied to the pixels
P(2,3) and P(4,3) have a positive polarity, and the data volt-
ages supplied to the pixels P(1,1), P(1,5), P(2,7), P(3,1),
P(3,5), and P(4,7) have a negative polarity. The lines extend-
ing in the first direction between the data line D1 and the data
line D3, and the data line D3 and the data line D5, may be
visible to the user. The line extending in the second direction
is not visible to the user.

[0055] In the third frame displayed right after the second
frame, the data voltage is supplied based on the polarity
information PInfo3, the data voltages supplied to the pixels
P(2,3), P(1,5), P(4,3), and P(3.5) have a positive polarity, and
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the data voltages supplied to the pixels P(1,1), P(2,7), P(3,1),
P(4,7) have anegative polarity. The lines extending in the first
direction between the data line D1 and the data line D3, and
the data line D5 and the data line D7, may be visible to the
viewer, and the line extending in the second direction is not
visible to the user.

[0056] In the fourth frame displayed right after the third
frame, the data voltage is supplied based on the polarity
information Plnfod, the data voltages supplied to the pixels
P(1,5) and P(3,5) have a positive polarity, and the data volt-
ages supplied to the pixels P(1,1), P(2,3), P(2,7), P(3,1),
P(4,3), and P(4,7) have a negative polarity. The lines extend-
ing in the first direction between the data line D3 and the data
line D5, and the data line D5 and the data line D7, may be
visible to the viewer, and the line extending in the second
direction is not visible to the user.

[0057] In the fifth frame displayed right after the fourth
frame, the data voltage is supplied based on the polarity
information PInfoS, the data voltages supplied to the pixels
P(1,1), P(1,5), P(2,7), P(3,1), P(3.,5), and P(4,7) have a posi-
tive polarity, and the data voltages supplied to the pixels
P(2,3), P(4,3) have a negative polarity. The lines extending in
the first direction between the data line D1 and the data line
D3, and the data line D3 and the data line D5, may be visible
to the user. The line extending in the second direction is not
visible to the user.

[0058] In the sixth frame displayed right after the fifth
frame, the data voltage is supplied based on the polarity
information PInfo6, the data voltages supplied to the pixels
P(1,1), P(2,7), P(3,1), and P(4,7) have a positive polarity, and
the data voltages supplied to the pixels P(2,3), P(1.5), P(4,3),
and P(3,5) have a negative polarity. The lines extending in the
first direction between the data line D1 and the data line D3,
and the data line D5 and the data line D7, may be visible to the
viewer, and the line extending in the second direction is not
viewed to the user.

[0059] In the first to sixth frames, the line extending in the
second direction is not visible to the user, and the line extend-
ing in the first direction is visible to the user. The line extend-
ing in the first direction between the data line D1 and the data
line D3 is visible only in the second, third, fifth, and sixth
frames. That is, the line is visible for four frames out of sixth
frames, and the line is not visible for two frames.

[0060] FIG. 3B is a diagram for describing polarity infor-
mation when the mode control signal MCS having the second
logic value is output by the mode determination unit 121.
When the mode determination unit 121 outputs the mode
control signal MCS having the second logic value, the liquid
crystal display device is driven in the second mode. The
polarity information output unit 131 outputs one of four ele-
ments of polarity information PInfo'1 to PInfo'constituting a
polarity information group Plnfo'. General contents of the
polarity information have been already described with refer-
ence to FIG. 3A.

[0061] The polarity information PInfo'l may be output
from the polarity information output unit 131. In a first frame
displayed based on the polarity information PInfo'l and the
image data RGB, the data voltage supplied to each of the first,
second, fifth, and sixth data lines D1,D2, D5, and D6 has a
positive polarity (+), and the data voltage supplied to each of
the third and fourth data lines D3 to D4 has a negative polarity
(-). Polarities of the data voltages supplied to the data lines D
are determined based on the polarity information PInfo'l.
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[0062] The polarity information PInfo'2 may be output
from the polarity information output unit 131 right after the
first frame is displayed. In a second frame displayed right
after the display of the first frame, a data voltage is supplied to
the polarity information PInfo'2, the data voltage supplied to
each of the second, third, and sixth data lines D2, D3, and D6
have a positive polarity (+), and the data voltage supplied to
each of the first, fourth, and fifth data lines D1, D4 and D5
have a negative polarity (-).

[0063] The polarity information PInfo'3 may be output
from the polarity information output unit 131 right after the
second frame is displayed. In a third frame displayed right
after the display of the second frame, a data voltage is sup-
plied to the polarity information Plnfo'3, the data voltage
supplied to each of the third and fourth data lines D3 and D4
has a positive polarity (+), and the data voltage supplied to
each of the first, second, fifth and sixth data lines D1, D2, D5,
and D6 has a negative polarity (-).

[0064] The polarity information PInfo'4 may be output
from the polarity information output unit 131 right after the
third frame is displayed. In a fourth frame displayed right
after the display of the third frame, a data voltage is supplied
to the polarity information PInfo'4, the data voltage supplied
to each of the first, fourth, and fifth data lines D1, D4, and D3
has a positive polarity (+), and the data voltage supplied to
each of the second, third, and sixth data lines D2, D3, and D6
has a negative polarity (-).

[0065] A fifth frame displayed right after the display of the
fourth frame is displayed based on the polarity information
PInfo'l and the image data RGB. That is, the polarity infor-
mation is repeated with a cycle of four frames. In the polarity
information illustrated in FIG. 3B, the data voltage supplied
to the data line Da+4 (a is a positive integer) may have the
same polarity as that of the data line Da. For example, the
polarity of the data voltage supplied to the seventh data line
D7 is the same as the polarity of the data voltage supplied to
the third data line D3, and the polarity of the data voltage
supplied to the eighth data line D8 is the same as the polarity
of the data voltage supplied to the fourth data line D4.
[0066] Whether a line extending in the first direction or the
second direction is visible to a user by the polarity informa-
tion group Plnfo' will be described based on the first pixels
P(1,1), P(2,3), P(1,5), P(2,7), P(3,1), P(4,3), P(3,5), and P(4,
7) for displaying the first color as an example. The definition
ofthe case where the line extending in the first direction or the
second direction may be visible to the user has been described
above.

[0067] In the first frame, the data voltage is supplied based
onthe polarity information PInfol', the data voltages supplied
to the pixels P(1,1), P(1,5), P(3,1), and P(3,5) have a positive
polarity, and the data voltages supplied to the pixels P(2,3),
P(2,7), P(4,3), and P(4,7) have a negative polarity. The lines
extending in the first direction between the data line D1 and
the data line D3, the data line D3 and the data line D5, and the
data line D5 and the data line D7 may be visible to the user,
and the lines extended in the second direction between the
scan line S1 and the scan line S2, the scan line S2 and the scan
line S3, and the scan line S3 and the scan line S4 may be
visible to the user.

[0068] In the second frame, the data voltage is supplied
based on the polarity information PInfo2', the data voltages
supplied to the pixels P(2,3), P(2,7), P(4,3), P(4,7) have a
positive polarity, and the data voltages supplied to the pixels
P(1,1), P(1,5), P(3,1), P(3,5) have a negative polarity. The
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lines extending in the first direction between the data line D1
and the data line D3, the data line D3 and the data line D5, and
the data line D5 and the data line D7 may be visible to the user,
and the lines extending in the second direction between the
scan line S1 and the scan line S2, the scan line S2 and the scan
line S3, and the scan line S3 and the scan line S4 may be
visible to the user.

[0069] Inthe third frame, the data voltage is supplied based
on thepolarity information PInfo3', the data voltages supplied
to the pixels P(2,3), P(2,7), P(4,3), P(4,7) have a positive
polarity, and the data voltages supplied to the pixels P(1,1),
P(1,5), P(3,1), P(3,5) have a negative polarity. The lines
extending in the first direction between the data line D1 and
the data line D3, the data line D3 and the data line D5, and the
data line D5 and the data line D7 may be visible to the user,
and the lines extending in the second direction between the
scan line S1 and the scan line S2, the scan line S2 and the scan
line S3, and the scan line S3 and the scan line S4 may be
visible to the user.

[0070] In the fourth frame, the data voltage is supplied
based on the polarity information PInfo4', the data voltages
supplied to the pixels P(1,1), P(1,5), P(3.1), and P(3,5) have a
positive polarity, and the data voltages supplied to the pixels
P(2,3), P(2,7), P(4,3), and P(4,7) have a negative polarity. The
lines extending in the first direction between the data line D1
and the data line D3, the data line D3 and the data line D5, and
the data line D5 and the data line D7 may be visible to the user,
and the lines extending in the second direction between the
scan line S1 and the scan line S2, the scan line S2 and the scan
line S3, and the scan line S3 and the scan line S4 may be
visible to the user.

[0071] Inthe first to fourth frames, the line extending in the
first direction and the line extended in the second direction
may be visible at a viewpoint of the user.

[0072] The number of lines that may be visible to the user
when the LCD device is driven in the first mode is smaller
than the number of lines that may be visible to the user when
the liquid crystal display device is driven in the second mode.
When a variation of a gray level of each pixel P is equal to or
less than a predetermined level for the predetermined number
of frames, a luminance difference resulting from a difference
in a polarity of the data voltages is not ignored. Accordingly,
the case where the liquid crystal display device is drivenin the
first mode and the case where the liquid crystal display device
is driven in the second mode may be discriminated by the
user. The number of lines that are visible to the user when the
liquid crystal display device is driven in the first mode is less
than the number lines that are visible to the user when the
liquid crystal display device is driven in the second mode, so
that the case where the liquid crystal display device is driven
in the first mode is advantageous. However, when the varia-
tion of the gray level is equal to or greater than a predeter-
mined level, the image data RGB corresponding to each pixel
P is sharply changed, so that a luminance difference resulting
from a difference in a polarity of the data voltages may be
ignored. Accordingly, the case where the liquid crystal dis-
play device is driven in the first mode and the case where the
liquid crystal display device is driven in the second mode is
not discriminated by the user. In this case, the liquid crystal
display device may be driven in the second mode.

[0073] FIG. 4is a flowchart for describing a driving method
of the liquid crystal display device according to an exemplary
embodiment of the present invention. The driving method
will be described with reference to FIG. 1 to FIG. 4.
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[0074] 1In operation S100 of determining a driving mode,
the mode determination unit 121 determines a driving mode
based on pre-stored image data RGB. When the mode deter-
mination unit 121 determines that the liquid crystal display
device is driven in a first driving mode, the mode determina-
tionunit 121 outputs amode control signal MCS having a first
logic value. When the mode determination unit 121 deter-
mines that the liquid crystal display device is driven in a
second driving mode, the mode determination unit 121 out-
puts a mode control signal MCS having a second logic value.
An exemplary embodiment of an algorithm for determining
the driving mode will be described below with reference to
FIG. 5.

[0075] When a predetermined condition is satisfied in
operation S200, the liquid crystal display device is driven in a
first mode (S300). When the predetermined condition is not
satisfied, the liquid crystal display device is driven in a second
mode (S400).

[0076] In operation S300 of driving the liquid crystal dis-
play device in the first mode, the polarity information output
unit 131 outputs one of six elements of polarity information
PInfol to PInfo6 constituting a polarity information group
PInfo for a predetermined period of time. A level of the data
voltage is determined based on one of the polarity informa-
tion PInfol to PInfo6 and the image data RGB, and the data
voltage is supplied to the data lines D. When the predeter-
mined period of time ends, operation S100 of determining a
driving mode is performed.

[0077] In operation S400 of driving the liquid crystal dis-
play device in the first mode, the polarity information output
unit 131 outputs one of four elements of polarity information
PInfol' to PInfo4' constituting a polarity information group
Plnfo' for a predetermined period of time. A level of the data
voltage is determined based on one of the polarity informa-
tion Plnfo'l to PInfo'6 and the image data RGB, and the data
voltage is supplied to the data lines D. When the predeter-
mined period of time ends, operation S100 of determining a
driving mode is performed.

[0078] Inthe exemplary embodiment described with refer-
ence to FIG. 4, the liquid crystal display device is driven in the
first mode or the second mode, but the liquid crystal display
device may be driven only in the first mode.

[0079] FIG. 5 is a flowchart for describing an operation of
determining a driving mode illustrated in FIG. 4. The opera-
tion will be described with reference to FIG. 1 to FIG. 5.
[0080] In operation S110 of determining whether stored
image data satisfies a predetermined condition, it is deter-
mined whether a variation of a gray level of each of the pixels
positioned in a partial area among the pixels P is equal to or
smaller than a predetermined level. When a variation ofa gray
level of each of the pixels positioned in a partial area (400x
400 pixels in the first and second directions) among the pixels
P within the display panel 200 is equal to or smaller than a
predetermined level, a user may view a line by a difference in
a polarity in the entirety of the partial area, so that it may be
determined that a quality of an image displayed to the user is
sufficiently degraded. The variation of the gray level may be
variously defined, for example, a difference between the larg-
est value and the smallest value among the gray levels corre-
sponding to the respective pixels P and stored in the driver 100
may be defined as the variation. The gray levels correspond-
ing to the respective pixels P may be calculated based on the
stored image data RGB, and stored in the driver 100. A
method of storing the gray levels may be a first-in first-out
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method. When the variation of the gray level of each of the
pixels positioned in the partial area among the pixels P is
equal to or smaller than the predetermined level, it is deter-
mined that the predetermined condition is satisfied ($120).
When the variation of the gray level of each of the pixels
positioned in the partial area among the pixels P is greater
than the predetermined level, it is determined that the prede-
termined condition is not satisfied (S130).

[0081] When it is determined that the predetermined con-
dition is satisfied in operation S120, the mode determination
unit 121 determines that the image data RGB satisfies the
predetermined condition, and outputs the mode control signal
MCS having the first logic value. Then, the liquid crystal
display device may be driven in the first mode (S300).
[0082] When it is determined that the predetermined con-
dition is not satisfied in operation S130, the mode determina-
tion unit 121 determines that the image data RGB does not
satisfy the predetermined condition, and outputs the mode
control signal MCS having the second logic value. Then, the
liquid crystal display device may be driven in the second
mode (S400).

[0083] Inthe exemplary embodiment described with refer-
ence to FI1G. 5, the mode control signal MCS may have the
first logic value or the second logic value, but the mode
control signal MCS may always have the first logic value. In
this case, the liquid crystal display device may always be
driven in the first mode (8300).

[0084] FIG. 6A is a flowchart for describing an operation of
driving the liquid crystal display device in the first mode
illustrated in FIG. 4. Hereinafter, the operation will be
described with reference to FIG. 1 to FIG. 6A.

[0085] Polarity information corresponding to the data lines
is determined (S310). The mode control signal MCS having
the first logic value is output and the liquid crystal display
device is driven in the first mode, so that one of six elements
of polarity information Plnfol to PInfo6 constituting the
polarity information group Plnfo is output from the polarity
information output unit 131. For convenience of the descrip-
tion, it is assumed that the polarity information Plnfol is
output from the polarity information output unit 131. A polar-
ity of the data voltage supplied to the data line D is determined
based on the polarity information PInfol.

[0086] The driver 100 receives the image data RGB from
the outside (S320).

[0087] Levels of the data voltages supplied to the data lines
are determined based on the polarity information PInfol and
the image data RGB, and the data voltage, of which the level
is determined, is supplied to the data lines D (S330).

[0088] When a predetermined period of time does not
elapse in operation 3340, operation S310 of determining the
polarity information corresponding to the data lines is per-
formed again. When the predetermined period of time
elapses, operation S300 of driving the liquid crystal display
device in the first mode is terminated, and operation S100 of
determining a driving mode may be performed.

[0089] FIG. 6B is a flowchart for describing an operation of
driving the liquid crystal display device in the second mode
illustrated in FIG. 4. Hereinafter, the operation will be
described with reference to FIG. 1 and FIG. 6B.

[0090] Polarity information corresponding to the data lines
is determined (S410). The liquid crystal display device is
driven in the second mode, so that the polarity information
output unit 131 outputs one of four elements of polarity
information PInfo'l to PInfo'4 constituting a polarity infor-
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mation group PInfo'. For convenience of the description, it is
assumed that the polarity information PInfo'l is output from
the polarity information output unit 131. Polarities of the data
voltages supplied to the data lines D are determined based on
the polarity information PInfo'l.
[0091] The driver 100 receives the image data RGB from
the outside (S420).
[0092] Levels of the data voltages supplied to the data lines
are determined based on the polarity information PInfo'l and
the image data RGB, and the data voltage, of which the level
is determined, is supplied to the data lines D (S430).
[0093] When a predetermined period of time does not
elapse in operation S440, operation S410 of determining the
polarity information corresponding to the data lines is per-
formed again. When the predetermined period of time
elapses, operation S400 of driving the liquid crystal display
device in the first mode is terminated, and operation S100 of
determining a driving mode may be performed.
[0094] Software, by which the algorithms are executed,
may be embedded in the driver 100, and the algorithms
described with reference to FIG. 4 to FIG. 6B are simply one
embodiment. For example, whether to drive the liquid crystal
display device in the first mode or the second mode may be
determined while the image data RGB is recognized in the
unit of the frame. Otherwise, the liquid crystal display device
may be set to be driven in the first mode only when a still part
or a part moving at a predetermined speed is equal to or
greater than a predetermined area while the image data RGB
is recognized in the unit of the frame.
[0095] Summarizing, when a polarity of a data voltage
supplied to one pixel is not changed for a long time, crosstalk
of an image and a flicker phenomenon may occur. In order to
prevent the phenomenon, a polarity of the data voltage sup-
plied to one pixel is change with a predetermined cycle. This
is referred to as inversion. However, when polarities of data
voltages supplied to adjacent pixels are different, there is a
problem in that luminance is different even though gray levels
of the adjacent pixels are the same as each other.
[0096] The liquid crystal display device according to the
present invention and the driving method thereof may relieve
the phenomenon in which lines are visible to a user.
[0097] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to such
embodiments, but rather to the broader scope of the presented
claims and various obvious modifications and equivalent
arrangements.
What is claimed is:
1. A liquid crystal display device, comprising:
pixels;
data lines and scan lines coupled to the pixels; and
adriver configured to supply a scan signal to the scan lines,
and supply a data voltage to the data lines,
wherein:
the data lines include first to sixth data lines, which are
adjacent to each other; and
in afirst frame, the data voltage supplied to each of the first
to third data lines has a positive polarity, and the data
voltage supplied to each of the fourth to sixth data lines
has a negative polarity.
2. The liquid crystal display device of claim 1, wherein:
in a second frame displayed right after the first frame, the
data voltage supplied to each of the second to fourth data
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lines has a positive polarity, and the data voltage sup-

plied to each of the first, fifth, and sixth data lines has a

negative polarity; and

in a third frame displayed right after the second frame, the

data voltage supplied to each of the third to fifth data

lines has a positive polarity, and the data voltage sup-
plied to each of the first, second, and sixth data lines has

a negative polarity.

3. The liquid crystal display device of claim 2, wherein:

in a fourth frame displayed right after the third frame, the

data voltage supplied to each of the fourth to sixth data
lines has a positive polarity, and the data voltage sup-
plied to each of the first to third data lines has a negative
polarity:

in a fifth frame displayed right after the fourth frame, the

data voltage supplied to each of the first, fifth, and sixth

data lines has a positive polarity, and the data voltage

supplied to each of the second to fourth data lines has a

negative polarity; and

in a sixth frame displayed right after the fifth frame, the

data voltage supplied to each of the first, second, and

sixth data lines has a positive polarity, and the data
voltage supplied to each of the third to fifth data lines has

a negative polarity.

4. The liquid crystal display device of claim 1, wherein:

the data lines extend in the first direction, and the scan lines

extend in a second direction crossing the first direction;
and

each pixel is included in one of pixel groups, and each pixel

group comprises:

a first pixel for displaying a first color;

asecond pixel, which displays a second color, is coupled
to the same scan line as that of the first pixel, and is
adjacent to the first pixel in the second direction;

a third pixel, which displays a third second color, is
coupled to the same data line as that of the first pixel,
and is adjacent to the first pixel in the first direction;
and

a fourth pixel, which displays a fourth color, is coupled
to the same data line as that of the second pixel, and is
coupled to the same scan line as that of the third pixel.

5. The liquid crystal display device of claim 4, wherein the
data line coupled to the first pixel of each pixel group is
coupled to the first pixel of the pixel group adjacent to each
pixel group in the first direction.

6. The liquid crystal display device of claim 4, wherein the
scan line coupled to the first pixel of each pixel group is
adjacent to the scan line coupled to the first pixel of the pixel
group adjacent to each pixel group in the second direction.

7. The liquid crystal display device of claim 1, wherein:

the driver comprises a polarity information output unit for

outputting polarity information corresponding to the
data lines; and

a polarity of the data voltage supplied to each of the first to

sixth data lines is determined based on the polarity infor-

mation.

8. The liquid crystal display device of claim 7, wherein the
polarity information is one of six elements of polarity infor-
mation constituting a polarity information group.

9. The liquid crystal display device of claim 1, wherein:

the driver further comprises a mode determination unit for

determining a driving mode; and

when the mode determination unit outputs a mode control

signal having a first logic value, the data voltage sup-
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plied to each of the first to third data lines has a positive
polarity, and the data voltage supplied to each of the
fourth to sixth data lines has a negative polarity.

10. The liquid crystal display device of claim 9, wherein
when the mode determination unit outputs a mode control
signal having a second logic value, the data voltage supplied
to each of the first, second, fifth, and sixth data lines has a
positive polarity, and the data voltage supplied to each of the
third and fourth data lines has a negative polarity.

11. A method of driving a liquid crystal display device,
comprising:

determining a driving mode; and

driving the liquid crystal display device in a first mode,

wherein:

the driving of the liquid crystal display device in the first

mode comprises:

determining polarity information corresponding to data
lines;

receiving image data from the outside; and

determining levels of data voltages supplied to the data
lines based on the polarity information and the image
data, and supplying the data voltage, of which the
level is determined, to the data lines; and

in a first frame displayed by the supplying of the data

voltage to the data lines, the data voltage supplied to
each of the first to third data lines among the first to sixth
data lines has a positive polarity, and the data voltage
supplied to each of the fourth to sixth data lines has a
negative polarity.

12. The method of claim 11, wherein in a second frame
displayed right after the first frame, the data voltage supplied
to each of the second to fourth data lines has a positive
polarity, and the data voltage supplied to each of the first, fifth,
and sixth data lines has a negative polarity.

13. The method of claim 11, wherein:

the determining the driving mode comprises determining

whether stored image data satisfies a predetermined con-
dition; and

when the stored image data satisfies the predetermined

condition, the liquid crystal display device is driven in
the first mode.

14. The method of claim 13, further comprising driving the
liquid crystal display device in a second mode, and
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when the stored image data does not satisfy the predeter-

mined condition, the liquid crystal display device is

driven in the second mode.

15. The method of claim 14, wherein in a frame displayed
by the driving of the liquid crystal display device in the
second mode, the data voltage supplied to each of the first,
second, fifth, and sixth data lines has a positive polarity, and
the data voltage supplied to each of the third and fourth data
lines has a negative polarity.

16. The method of claim 11, wherein in the determining of
the polarity information, the polarity information is one of six
elements of polarity information constituting a polarity infor-
mation group.

17. The method of claim 11, wherein:

the data lines extend in the first direction, and the scan lines

extend in a second direction crossing the first direction;

and

each pixel is included in one of pixel groups, and each pixel

group comprises:

a first pixel for displaying a first color;

asecond pixel, which displays a second color, is coupled
to the same scan line as that of the first pixel, and is
adjacent to the first pixel in the second direction;

a third pixel, which displays a third second color, is
coupled to the same data line as that of the first pixel,
and is adjacent to the first pixel in the first direction;
and

a fourth pixel, which displays a fourth color, is coupled
to the same data line as that of the second pixel, and is
coupled to the same scan line as that of the third pixel.

18. The method of claim 17, wherein:

the data line coupled to the first pixel of each pixel group is

coupled to the first pixel of the pixel group adjacent to

each pixel group in the first direction; and

the scan line coupled to the first pixel of each pixel group is

adjacent to the scan line coupled to the first pixel of the

pixel group adjacent to each pixel group in the second
direction.

19. The method of claim 13, wherein the determining the
driving mode comprises determining that the image data sat-
isfies the predetermined condition when a variation of a gray
level of each of the pixels positioned in a partial area among
the pixels is equal to or smaller than a predetermined level.
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