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LIQUID CRYSTAL DISPLAY AND METHOD
FOR DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0155780, filed on
Dec. 13,2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display, and a method for driving the
same.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display (LCD) is one of the flat
panel displays which have recently been widely used. An
LCD generates an electric field by applying different poten-
tials to a pixel electrode and a common electrode of a liquid
crystal display panel so as to change an orientation of liquid
crystal molecules and control light transmittance based on the
changed orientation of the liquid crystal molecules, thereby
displaying an image.

[0006] When an electric field is continuously applied to a
liquid crystal material in the same direction, the liquid crystal
material deteriorates. To prevent this problem, a voltage is
applied to a pixel electrode and driven to invert its polarity
with respect to a voltage applied to a common electrode.
However, when the inversion driving is performed in the
liquid crystal display having a pixel which is formed of an
even number of subpixels, a polarity biasing phenomenon of
a data voltage may occur.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background ofthe invention and, therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0008] Exemplary embodiments of the present invention
provide a liquid crystal display having excellent display qual-
ity, and a method for driving the same.

[0009] Exemplary embodiments of the present invention
also provide a polarity disposition preventing polarity biasing
of a data voltage from occurring in a liquid crystal display
having a pixel which is formed of an even number of subpix-
els.

[0010] Additional features of the invention will be set forth
in the description which follows and, in part, will be apparent
from the description, or may be learned by practice of the
invention.

[0011] An exemplary embodiment of the present invention
discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of eight sub-
pixels. Each subpixel is connected to one of the gate lines and
one of the data lines, and the subpixels are continuously
arranged along a row. In the basic units, polarities between
adjacent subpixels from a first subpixel to a fourth subpixel
along the row may be opposite to each other, polarities
between adjacent subpixels from a fifth subpixel to an eighth
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subpixel along the row may be opposite to each other, and
polarities of the fourth subpixel and the fifth subpixel may be
the same as each other.

[0012] An exemplary embodiment of the present invention
also discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of four sub-
pixels. Each subpixel is connected to one of the gate lines and
one of the data lines, and the subpixels are continuously
arranged along a row. In the basic units, each two subpixels
along the row may have opposite polarities. The subpixels
which are present in one of the two columns adjacent to each
other may have the same polarity along the column, and the
subpixels which are present in the other column may have an
opposite polarity between the adjacent subpixels along the
column.

[0013] An exemplary embodiment of the present invention
also discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of eight sub-
pixels. Each subpixel is connected to one of the gate lines and
one of the data lines, and the subpixels are continuously
arranged along a row. In the basic unit, in the row direction,
the first to fourth subpixels may have an opposed polarity
between adjacent subpixels, the fifth to eighth subpixels may
have an opposed polarity between the adjacent subpixels, and
the fourth subpixel and the fifth subpixel may have the same
polarity. In the column direction, subpixels of first to third
columns and fifth to seventh columns may have an opposed
polarity between the adjacent subpixels in each repetitive unit
of three subpixels, and subpixels of the fourth column and the
eighth column may have an opposite polarity for each three
subpixels.

[0014] An exemplary embodiment of the present invention
also discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of eight sub-
pixels. Each subpixel is connected to one of the gate lines and
one of the data lines, and the subpixels are continuously
arranged along a row. In the basic unit, in the row direction,
first to fourth subpixels may have the same polarity, and fifth
to eighth subpixels may have polarities opposite to those of
the first to fourth subpixels. In the column direction, subpixels
of first to third columns and fifth to seventh columns may have
an opposed polarity for each repetitive unit of three subpixels,
and subpixels of a fourth column and an eighth column may
have an opposed polarity between the adjacent subpixels in
each repetitive unit.

[0015] An exemplary embodiment of the present invention
also discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of four sub-
pixels. Each subpixel is connected to one of the gate lines and
one of the data lines, and the subpixels are continuously
arranged along a row. In the basic units, each two subpixels
along the row may have opposite polarities. In the column
direction, the subpixels which are present in one of the two
columns adjacent to each other may have the same polarity,
and the subpixels which are present in the other column may
have an opposite polarity for each two subpixels.

[0016] An exemplary embodiment of the present invention
also discloses a liquid crystal display, including: gate lines
arranged in a row direction; data lines arranged in a column
direction; and subpixels arranged in basic units of six subpix-
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els. Each of the subpixels is connected to one of the gate lines
and one of the data lines, and the subpixels are continuously
arranged along a row. A polarity may be opposed for each
three subpixels in each basic unit along the row.

[0017] An exemplary embodiment of the present invention
also discloses a method for driving a liquid crystal display
including subpixels arranged in a matrix which are respec-
tively connected to gate lines arranged in a row direction and
data lines arranged in a column direction. A data driver may
apply a data voltage having an opposite polarity between
adjacent subpixels in the row direction to data lines connected
to first to fourth subpixels in the row direction; apply data
voltages having an opposite polarity between adjacent sub-
pixels in the row direction to data lines connected to fifth to
eighth subpixel in the row direction; and apply data voltages
having the same polarity to the data lines connected to the
fourth and fifth subpixels in the row direction.

[0018] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory, and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the principles of
the invention.

[0020] FIG.1 is a block diagram of a liquid display device
according to an exemplary embodiment of the present inven-
tion.

[0021] FIG. 2 is an equivalent circuit diagram of one sub-
pixel in the liquid display device according to an exemplary
embodiment of the present invention.

[0022] FIG. 3 to FIG. 8 are diagrams illustrating a polarity
disposition and an inversion driving of the liquid crystal dis-
play according to a first exemplary embodiment of the present
invention.

[0023] FIG. 9 to FIG. 11 are diagrams illustrating an
example of a data voltage applied to a data line in the liquid
crystal display according to the first exemplary embodiment
of the present invention.

[0024] FIG.12 to FIG. 17 are diagrams illustrating a polar-
ity disposition and an inversion driving of the liquid crystal
display according to a second exemplary embodiment of the
present invention.

[0025] FIG. 18 to FIG. 20 are diagrams illustrating an
example of a data voltage applied to a data line in the liquid
crystal display according to the second exemplary embodi-
ment of the present invention.

[0026] FIG. 21 to FIG. 26 are diagrams illustrating polarity
dispositions of liquid crystal displays according to other
exemplary embodiments of the present invention.

[0027] FIG. 27 and FIG. 28 are diagrams illustrating an
example of a polarity disposition of the liquid crystal display
in which polarity biasing of the data voltage occurs and the
data voltage applied to a data line.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
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which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure is thorough,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity. Like ref-
erence numerals in the drawings denote like elements.
[0029] It will be understood that when an element is
referred to as being “on” or “connected to” another element,
itcanbedirectly on or directly connected to the other element,
or intervening elements may also be present. In contrast,
when an element is referred to as being “directly on” or
“directly connected to” another element, there are no inter-
vening elements present. It will be understood that for the
purposes of this disclosure, “at least one of X, Y, and 7”” can
be construed as X only, Y only, Z only, or any combination of
two or more items X, Y, and Z (e.g., XYZ, XYY, YZ, 77).
[0030] Aliquid crystal display and a method for driving the
same according to an exemplary embodiment of the present
invention will be described in detail with reference to FIGS. 1
to 2.

[0031] FIG. 1 is a block diagram of a liquid display device
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram of one sub-
pixel in the liquid display device.

[0032] As illustrated in FIG. 1, a liquid crystal display 1
includes a liquid crystal display panel 300 which displays an
image, a gate driver 400, a data driver 500, and a signal
controller 600. FIG. 1 also illustrates a graphics processor 10,
which is located outside the liquid crystal display 1.

[0033] The graphics processor 10 provides image signals
R, G, and B, and a control signal CONT to the signal control-
ler 600 of the liquid crystal display 1. The control signal
CONT includes a horizontal synchronization signal, a verti-
cal synchronization signal, a clock signal, and a data enable
signal, and the like. The image signals R, G, and B, and the
control signal CONT may be transmitted to the signal con-
troller 600 in, for example, a low voltage differential signal-
ing (LVDS) scheme.

[0034] The liquid crystal display panel 300 includes lower
and upper panels 100 and 200 which face each other, and a
liquid crystal layer 3 disposed therebetween. The liquid crys-
tal display panel 300 includes gate lines G1 to Gn and data
lines D1 to Dm. The gate lines G1 to Gn extend approxi-
mately in a horizontal (row) direction, and the data lines D1 to
Dm extend approximately in a vertical (column) direction,
while being insulated from, and intersecting with, the gate
lines G1 to Gn.

[0035] A single gate line and a single data line are con-
nected to a single subpixel SPX. The subpixels SPX are
arranged in a matrix, in which each subpixel SPX may
include a thin film transistor Q, a liquid crystal capacitor Clc,
and a sustain capacitor Cst.

[0036] A pixel PX, which is a minimum unit of an image, is
formed of subpixels SPX, to which luminance may be inde-
pendently assigned, such that the subpixels SPX are com-
bined to be able to display colors and luminance. For
example, one pixel PX may be formed of three subpixels SPX
representing red, green, and blue, which are three primary
colors of light. The single pixel PX may also be formed of
even-numbered subpixels SPX. For example, the pixel PX
may be formed of four subpixels SPX, each of which repre-
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sents red, green, blue, and white. As another example, the
single pixel PX may be formed of two subpixels SPX, each of
which represents red and green, or blue and green, and such a
scheme of forming the pixel PX is a so-called pentile scheme.
[0037] Referring to FIG. 2, a control terminal of the thin
film transistor Q may be connected to one gate line Gi, an
input terminal of the thin film transistor Q may be connected
to one data line Dj, and an output terminal of the thin film
transistor Q may be connected to a pixel electrode 191, which
is one terminal of the liquid crystal capacitor Clc, and one
terminal of the sustain capacitor Cst. The other terminal of the
liquid crystal capacitor Clc may be connected to a common
electrode 270, and a sustain voltage may be applied to the
other terminal of the sustain capacitor Cst. Depending on the
type of liquid crystal display panel 300, both the pixel elec-
trode 191 and the common electrode 270 may be formed on
the lower panel 100.

[0038] The signal controller 600 receives input image sig-
nals R, G, and B and the control signal CONT, that is, the
horizontal synchronizing signal, the vertical synchronization
signal, the clock signal, the data enable signal, and the like,
from the external graphic processor 10. The signal controller
600 processes the image signals R, G, and B to be suitable for
operating conditions of the liquid crystal display panel 300
based on the image signals R, G, and B and the control signal
CONT, and then generates and outputs an image data DAT, a
gate control signal CONT1, a data control signal CONT2, and
the clock signal.

[0039] The gate control signal CONT1 includes a start
pulse vertical signal, which instructs a start pulse, and a clock
pulse vertical signal, which is a reference of generating a
gate-on voltage. An output period of the start pulse vertical
signal coincides with one frame or a refresh rate. The gate
control signal CONT1 may further include an output enable
signal, which limits a sustain time of the gate-on voltage.
[0040] The data control signal CONT2 includes a start
pulse horizontal signal, which instructs atransmission start of
the image data DAT for the subpixel SPX of one row, a load
signal, which instructs application of the corresponding data
voltage to data lines D1 to Dm, and the like. The data control
signal CONT2 may further include an inversion signal, which
inverts a polarity of the data voltage with respect to a common
voltage Veom

[0041] The gatelines G1 to Gn of the liquid crystal display
panel 300 are connected to the gate driver 400, and the gate-
on voltage is sequentially applied to the gate lines G1 to Gn,
depending on the gate control signal CONT1 applied from the
signal controller 600, and a gate-off voltage is applied to the
gate lines G1 to Gn in a period in which the gate-on voltage is
not applied.

[0042] Thedatalines D1 to Dmofthe liquid crystal display
panel 300 are connected to the data driver 500, and the data
driver 500 receives the data control signal CONT?2 and the
image data DAT from the signal controller 600.

[0043] The data driver 500 converts the image data DAT
into the data voltage using a gray voltage generated from a
gray voltage generator (not illustrated), and transmits the data
voltage to the data lines D1 to Dm. The data voltage includes
the data voltage having both a positive polarity and a negative
polarity based on the common voltage (hereinafter, simply
referred to as “positive data voltage” or “negative data volt-
age”). The positive data voltage and the negative data voltage
are alternately applied based on a frame, a row, and/or a
column, and thus, are driven in an inverted manner. There-
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fore, the inversion driving may be classified into types, such
as a frame inversion, a column inversion, a row inversion (or
line inversion), or a dot inversion, and the inversion may also
be implemented in even a more complex manner.

[0044] FIGS. 3 to 8 are diagrams illustrating polarity dis-
position and inversion driving of the liquid crystal display
according to a first exemplary embodiment of the present
invention.

[0045] In the drawings, long vertical lines represent data
lines that are arranged substantially in parallel with each
other, and a rectangle represents a subpixel SPX. Short hori-
zontal lines represent connections between the data line and
the subpixel SPX. A positive (+) or a negative (=) within the
rectangle represents the polarity (hereinafter, referred to as
“polarity of subpixel SPX”) of the data voltage which is
applied to each of the subpixels SPX at a specific time. The
letters “a”, “b”, “c”, and “d” represent colors that are repre-
sented by each of the subpixels SPX. The same rule applies to
the following drawings.

[0046] Referring to FIGS. 3 and 4, FIG. 3 illustrates the
polarity disposition in an n-th frame in the liquid crystal
display, and FIG. 4 illustrates the polarity disposition in an
n+1-th frame. All colors of “a”, “b”, “c”, and “d”, which are
colors represented by each of the subpixels SPX, may be
different; a pair of colors among these colors may be the same
(for example, the colors “a” and “c” may be the same); or two
pairs of colors may also be the same (For example, the colors
of “a” and “c” may be the same, and the colors of “b” and “d”
may be the same). Meanwhile, four subpixels SPX of the
colors of “a”, “b”, “c”, and “d” may form one pixel PX, and
two subpixels SPX of the colors of “a” and “b” or two sub-
pixels SPX of the colors of “c” and “d” may form one pixel
PX. Hereinafter, an exemplary embodiment of the present
invention will be described in detail based on, by way of
example, the case in which all the colors of “a”, “b”, “c”, and
“d” are different, and four subpixels SPX form one pixel PX.
[0047] The data lines are all connected to the subpixels
SPX, which are located to the right of the data lines in FIGS.
3and 4.

[0048] According to an exemplary embodiment, the data
lines D1, D2, . . . Dm may all be connected to the subpixels
SPX that are located to the right thereof, but any data line may
instead be connected to the subpixels SPX that are located to
the left thereof.

[0049] 1In the n-th frame, a positive (+) data voltage is
applied to first, third, sixth, and eighth data lines D1, D3, D6,
and D8, and a negative (-) data voltage is applied to second,
fourth, fifth, and seventh data lines D2, D4, D5, and D7. Inthe
n+1-th frame, the negative (=) data voltage is applied to first,
third, sixth, and eighth data lines D1, D3, D6, and D8, and the
positive (+) data voltage is applied to second, fourth, fifth, and
seventh data lines D2, D4, D5, and D7.

[0050] As described above, the application of the data volt-
age having different polarities depending on the data line is
repeated based on eight data lines. That is, the data voltage of
positive (+), negative (<), positive (+), negative (-), negative
(-), positive (+), negative (=), and positive (+) is repeatedly
applied from the left data line to each data line. Therefore, the
polarity of the data voltage applied to the first to eighth data
lines D1 to D8 may also be similarly applied to ninth to
sixteenth data lines D9 to D16. For inversion driving in the
first exemplary embodiment, the data driver 500 applies the
data voltage having a polarity inverted for each frame to each
data line so as to meet the foregoing polarity.
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[0051] The subpixels SPX that are located in the first to
fourth columns have inverted polarity between the adjacent
subpixels, and the subpixels SPX that are located in the fifth
to eighth columns have inverted polarity between the adjacent
subpixels SPX, but polarities of the subpixels SPX that are
located in the fifth to eighth columns are opposite to those of
the subpixels SPX that are located in the first to fourth col-
umns, respectively. The array of first to eighth subpixels SPX
configure a basic unit in which polarities are repeated in a row
direction. That is, the polarities of the array of ninth to six-
teenth subpixels SPX are sequentially the same as those of the
array of first to eighth subpixel SPX.

[0052] When the data voltage is applied to the subpixels of
all the colors, in the n-th frame, the number of positive (+)
subpixels is the same as the number of negative (-) subpixels
for each color. Further, the positive (+) subpixel and the
negative (-) subpixel are alternately disposed in the row
direction for each color. For example, in the case of the
subpixel of color “a” in the two basic units, the subpixel of
color “a” is located at each four subpixels one-by-one, and the
polarity thereof is positive (+), negative (-), positive (+), and
negative (=) from the left. Therefore, because the positive
polarity and the negative polarity are evenly mixed, the dete-
rioration in display quality resulting from the difference in
luminance, which may be present between the polarities, does
not occur.

[0053] Similarly to the n-th frame, in the n+1-th frame, the
number of positive (+) subpixels is the same as the number of
negative (=) subpixels for each color, and the positive (+)
subpixel and the negative (=) subpixel are alternately dis-
posed in the row direction for each color. Therefore, because
the difference in luminance (for example, even though the
data voltage having the same level is applied, the luminance
may be different depending on the polarity) between the
frames due to polarity mismatching is not present, flicker
does not occur.

[0054] Meanwhile, the subpixels which are present in each
subpixel array are respectively connected to the same data
line. As a result, when subpixels of one subpixel array are
connected to different data lines, a difference in luminance
resulting from a characteristic deviation such as a capacitance
Cgs between a gate and a source of the thin film transistor,
which may occur between subpixels connected to different
data lines, does not occur.

[0055] FIGS. 5 and 6 illustrate the polarity dispositions of
the n-th frame and the n+1-th frame at the time of displaying
only one color. For example, the case in which the “a” is red
corresponds to the case of displaying a red screen. The sub-
pixel shaded in the drawings illustrates the case in which the
data voltage of the lowest gray is applied to the corresponding
subpixel, which may also be similarly applied to the follow-
ing drawings. Even though the polarity of the subpixel rep-
resenting the red “a” is inverted in the n-th frame and the
n+1-th frame, the same number of positive (+) subpixels and
negative (-) subpixels are alternately disposed in each frame.
Therefore, even in the case of displaying a monochrome
image, a difference in luminance does not occur between the
frames.

[0056] FIGS. 7 and 8 each illustrate the polarity disposi-
tions of the n-th frame and the n+1-th frame at the time of
displaying mixed color. For example, the “a”, “b”, “c”, and
“d” are respectively red, green, blue, and white, and the dis-
play panel displays cyan. Even though the polarities of the

(IRt

subpixels each representing the green “b” and the blue “c” are
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inverted in the n-th frame and the n+1-th frame, the number of
positive (+) subpixels and negative (-) subpixels are alter-
nately disposed in each frame. Therefore, even in the case of
displaying mixed color, a difference in luminance does not
occur between the frames.

[0057] FIGS. 9 to 11 are diagrams illustrating an example
of a data voltage applied to a data line in the liquid crystal
display according to a first exemplary embodiment of the
present invention.

[0058] FIG. 9illustrates the data voltage applied to the data
line when the same data voltage, for example, the maximum
gray voltage, is applied to all the subpixels. In F1G. 9, one unit
in the horizontal direction indicates one horizontal period
“1H”. The voltage applied to the first data line D1 and the
voltage applied to the second data line D2 have the same
magnitude but opposite polarities. The pair of third and fourth
data lines D3 and D4, the pair of fifth and sixth data lines D5
and D6, and the pair of seventh and eighth data lines D7 and
D8 also have the same relationship. Therefore, because the
data voltage is applied to the data line in a complementary
manner (i.e., having the same magnitude but an opposed
polarity), the polarities of the data voltage are balanced. As
the result, the polarity of the data voltage is not biased to any
one side and therefore, the data voltage does not affect the
common voltage Vcom.

[0059] FIG. 10 illustrates the data voltage applied to the
data line when the monochrome is displayed by applying the
maximum gray voltage only to the subpixel of the color “b”
(e.g., green) and the minimum gray voltage to the subpixels of
the remaining colors. As illustrated, the data voltages applied
to the first and third data lines D1 and D3 and the data voltages
applied to the fifth and seventh data lines D5 and D7 have the
same magnitude and an opposed polarity. The voltage applied
to the second data line D2 and the voltage applied to the sixth
data line D6 have the same magnitude but opposite polarities,
and when any one of the voltages rises, the other thereof falls.
Similarly, the voltage applied to the fourth data line D4 and
the voltage applied to the eighth data line D8 are the same
magnitude and an opposed polarity and when nay one of the
voltages rises, the other of thereof falls. Therefore, because
the voltage is complementarily applied to the data line and is
also applied to prevent the rising and falling of the voltage, the
polarity of the data voltage is not biased to any one side at the
time of displaying the monochrome, and therefore the data
voltage does not affect the common voltage Vcom.

[0060] FIG. 11 illustrates the data voltage applied to the
data line when the mixed color (e.g., cyan) is displayed by
applying the maximum gray voltage to the subpixel of the
color “b” (e.g., green) and the subpixel of the color “¢” (e.g.,
blue), and applying the minimum gray voltage to the subpix-
els of the remaining colors. A voltage is applied in a comple-
mentary manner to the first data line D1 and the fifth data line
D5. This relationship is also shown between the second and
sixth datalines D2 and D6, between the third and seventh data
lines D3 and D7, and between the fourth and eighth data lines
D4 and D8. Therefore, since the voltage is applied in a
complementary manner to the data line and is also applied to
prevent the rising and falling of the voltage, the data voltage
is not biased to any one side, and therefore the data voltage
does not affect the common voltage Vcom even at the time of
displaying the mixed color.
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[0061] FIGS. 12 to 17 are diagrams illustrating a polarity
disposition and an inversion driving of the liquid crystal dis-
play according to a second exemplary embodiment of the
present invention.

[0062] FIGS. 12 and 13 each illustrate the polarity dispo-
sitions in the n-th frame and the n+1-th frame, respectively, in
the liquid crystal display.

[0063] Similarly to the foregoing first exemplary embodi-
ment, each of the data lines is connected to the subpixels,
which are located at the right thereof. Therefore, a difference
in luminance due to the characteristic deviation such as the
Cgs of the thin film transistor between the subpixels does not
occur. Each of the data lines all may be connected to the
subpixels which are located at the left thereof, as shown in
FIG. 12, but the present invention is not so limited, and any
data line may be connected to the subpixels which are located
only at the right thereof, and any data line may be connected
to the subpixels which are located only to the left thereof.
[0064] In the n-th frame shown in FIG. 12, the positive (+)
data voltage and the negative (-) data voltage are repeatedly
applied to the first, third, sixth, and eighth data lines D1, D3,
D6, and D8 for each three subpixels in the column direction,
and the negative (=) data voltage and the positive (+) data
voltage are repeatedly applied to the second, fourth, fifth and
seventh data lines D2, D4, D5, and D7 for each three subpix-
els in the column direction. That is, in contrast to the first
exemplary embodiment, in the second exemplary embodi-
ment, the data voltage having the same polarity is not applied
to the corresponding data line over one frame, but the data
voltage having the polarity inverted for each three subpixels
in each column is applied thereto. For example, the positive
(+) data voltage is applied to the subpixels which are con-
nected to the first to third gate lines of the corresponding data
line, the negative (-) data voltage is applied to the subpixels
which are connected to the fourth to sixth gate lines, and the
inversion driving (so-called three line inversion driving) is
repeated for the corresponding data line.

[0065] In the n+1-th frame shown in FIG. 13, the data
voltage is applied inversely to the n-th frame. That is, the
negative (-) data voltage and the positive (+) data voltage are
repeatedly applied to the first, third, sixth, and eighth data
lines D1, D3, D6, and D8 for each three subpixels in the
column direction. Similarly, the positive (+) data voltage and
the negative () data voltage are repeatedly applied to the
second, fourth, fifth, and seventh data lines D2, D4, D5, and
D7 for each three subpixels in the column direction.

[0066] As described above, the application of the data volt-
age having different polarities depending on the data line, and
for every group of three gate lines, is repeated based on eight
data lines. Therefore, the polarity of the data voltage applied
to the first to eighth data lines D1 to D8 may also be similarly
applied to the ninth to sixteenth data lines D9 to D16. For the
inversion driving according to the second exemplary embodi-
ment, the data driver 500 may apply the data voltage having a
polarity inverted for each frame, and the data voltage having
a polarity inverted for each three gate lines in one frame to
each data line so as to meet the foregoing polarity.

[0067] The subpixels located in the first to fourth columns
have the inverted polarity between the adjacent subpixels, and
the subpixels that are located in the fifth to eighth columns
also have the inverted polarity between the adjacent subpix-
els, but polarities of the subpixels that are located in the fifth
to eighth columns are opposite to those of the subpixels that
are located in the first to fourth columns, respectively. Further,
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the subpixels that are located in the first to eighth columns
have a polarity inverted for each three subpixels in each
column. The first to eighth subpixel arrays configure a basic
unit and are repeated in the row direction. That is, the polari-
ties of the ninth to sixteenth subpixel arrays are sequentially
the same as those of the first to eighth subpixel arrays.
[0068] Similarly to the first exemplary embodiment, when
a data voltage is applied to the subpixels of all colors, the
number of positive (+) subpixels is the same as the number of
negative (-) subpixels for each color in the n-th frame and the
n+1-th frame (therefore, all frames), and the positive (+)
subpixels and the negative (=) subpixels are alternately dis-
posed in the row direction for each color. Therefore, because
the positive polarity and the negative polarity are evenly
mixed, the deterioration in display quality resulting from a
difference in luminance, which may be present between
polarities, does not occur, and the difference in luminance
between the frames resulting from polarity mismatching does
not also occur.

[0069] FIGS. 14 and 15 illustrate the polarity dispositions
of the n-th frame and the n+1-th frame at the time of display-
ing only one color. For example, when “a” is red, even though
the polarity of the subpixel representing the red “a” is inverted
in the n-th frame and the n+1-th frame, the number of positive
(+) subpixels and negative (-) subpixels are alternately dis-
posed in each frame. Therefore, even in the case of displaying
the monochrome, the difference in luminance does not occur
between the frames.

[0070] FIGS. 16 and 17 each illustrate the polarity dispo-
sitions of the n-th frame and the n+1-th frame at the time of
displaying mixed color. For example, when “a”, “b”, “c”, and
“d” each are red, green, blue, and white, even though the
polarities of the subpixels each representing the green b and
the blue ¢ are inverted in the n-th frame and the n+1-th frame,
the number of positive (+) subpixels and negative (-) subpix-
els are alternately disposed in each frame. Therefore, even in
the case of displaying mixed color, a difference in luminance
does not occur between the frames.

[0071] FIGS. 18 to 20 are diagrams illustrating an example
of a data voltage applied to a data line in the liquid crystal
display according to the second exemplary embodiment of
the present invention.

[0072] FIG. 18 illustrates the data voltage applied to the
data line when the same data voltage, for example, the maxi-
mum gray voltage is applied to all the subpixels. In FIGS.
18-20, one unit in the horizontal direction indicates one hori-
zontal time period “1H”. The voltage applied to the first data
line D1 and the voltage applied to the second data line D2
have the same magnitude but an opposed polarity, and when
one of the voltages rises the other thereof falls. Therefore, the
voltages applied to the first and second data lines D1 and D2
are complementary. Similarly, the data voltages which are
each applied to the third and fourth data lines D3 and D4, the
fifth and sixth data lines D5 and D6, and the seventh and
eighth data lines D7 and D8 are also complementary. There-
fore, the data voltage is not biased to any one side and,
therefore, does not affect the common voltage Vcom.

[0073] FIG. 19 illustrates the data voltage applied to the
data line when the monochrome is displayed by applying the
maximum gray voltage only to the subpixel of the color “a”
(e.g., red) and the minimum gray voltage to the subpixels of
the remaining colors. As illustrated in FIG. 19, the data volt-
age is complementarily applied to each pair of the first and
fifth data lines D1 and D5, the second and sixth data lines D2
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and D6, the third and seventh data lines D3 and D7, and the
fourth and eighth data lines D4 and D8. Therefore, when the
monochrome is displayed, the data voltage is not biased to
any one side, but is instead balanced.

[0074] FIG. 20 illustrates the data voltage applied to the
data line when a mixed color (e.g., cyan) is displayed by
applying the maximum gray voltage to the subpixel of the
color “b” (e.g., green) and the subpixel of the color “¢” (e.g.,
blue) and applying the minimum gray voltage to the subpixels
of the remaining colors. The data voltage is complementarily
applied to the first and eighth data lines D1 and D8 and the
fourth and fifth data lines D4 and D5. Further, the data voltage
is complementarily applied to the second and seventh data
lines D2 and D7 and the third and sixth data lines D3 and D6.
Therefore, the data voltage is not biased to any one side and,
therefore, does not affect the common voltage Veom even at
the time of displaying the mixed color.

[0075] FIGS. 21 to 26 are diagrams illustrating polarity
dispositions of liquid crystal displays according to various
other exemplary embodiments of the present invention.
[0076] FIG. 21 illustrates the polarity disposition according
to a third exemplary embodiment of the present invention.
The data lines are alternately connected to the subpixels,
which are located at the left and right thereof, one-by-one. In
any frame (e.g., n-th frame), the positive (+) data voltage is
applied to the first and second data lines D1 and D2, and the
negative (-) data voltage is applied to the third and fourth data
lines D3 and D4. The data voltage is repeatedly applied in the
row direction based on four data lines as the basic unit. There-
fore, the data voltages having the polarity applied to the first
to fourth data lines D1 to D4 is also applied to the fifth to
eighth data lines D5 to D8, respectively.

[0077] Because the data lines are alternately connected to
the subpixels which are located at the right and left thereof,
the positive (+) voltage is applied to all the subpixels of the
first column, and the negative (=) voltage is applied to all the
subpixels of the third column, but the positive (+) voltage and
the negative (-) voltage are alternately applied to the subpix-
els of the second column, and the negative (-) voltage and the
positive (+) voltage are alternately applied to the subpixels of
the fourth column. The voltage having a polarity different
from that of the voltage applied to the current frame is applied
to each of the data lines in the next frame, and each subpixel
also has the inverted polarity.

[0078] FIG. 22 illustrates the polarity disposition according
to a fourth exemplary embodiment of the present invention.
The data lines are alternately connected to the subpixels,
which are located at the left and right thereof] one-by-one. In
any frame, the positive (+) data voltage and the negative (=)
data voltage are alternately applied to the first, third, sixth,
and eighth data lines D1, D3, D6, and D8 for each three
subpixels in the column direction, and the negative (-) data
voltage and the positive (+) data voltage are alternately
applied to the second, fourth, fifth and seventh data lines D2,
D4, D5, and D7 for each three subpixels in the column direc-
tion. The data voltage is repeatedly applied in the row direc-
tion based on eight data lines as the basic unit, and the polarity
of the data voltage applied to each data line is inverted for
each frame.

[0079] Because the data lines are alternately connected to
the subpixels which are located at the right and left thereof,
the subpixels of the first to third columns and the fifth to
seventh columns have the inverted polarity between the adja-
cent subpixels in each repetitive unit based on three subpixels
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as the repetitive unit, but the subpixels ofthe fourth and eighth
columns have the inverted polarity for each three subpixels.
[0080] FIG. 23 illustrates the polarity disposition according
to a fifthexemplary embodiment of the present invention. The
data lines are alternately connected to the subpixels, which
are located at the left and right thereof, one-by-one. In any
frame, the positive (+) data voltage and the negative (-) data
voltage are alternately applied to the first to fourth data lines
D1 to D4 for each three subpixels in the column direction, and
the negative (-) data voltage and the positive (+) data voltage
are alternately applied to the fifth to eighth datalines D5to D8
for each three subpixels in the column direction. The data
voltage is repeatedly applied in the row direction based on
eight data lines as the basic unit, and is inverted for each
frame.

[0081] Because the data lines are alternately connected to
the subpixels which are located at the right and left thereof,
the subpixels of the first to third columns and the fifth to
seventh columns have the inverted for each three subpixels,
but the subpixels of the fourth and eighth columns have the
inverted polarity between the adjacent subpixels in each
repetitive unit based on three subpixels as the repetitive unit.
[0082] In the polarity dispositions according to the third to
fifth exemplary embodiments, the number of positive (+)
subpixels 1s the same as the number of negative (-) subpixels
for each color, and the positive (+) subpixels and the negative
(-) subpixels are alternately disposed in the row direction for
each color. Further, when the white, monochrome, or mixed
color is displayed, the voltage may be complementarily
applied to the data line. Therefore, the difference in lumi-
nance resulting from polarity mismatching, or the ripple of
the common voltage resulting from the polarity biasing does
not occur.

[0083] FIG. 24 illustrates the polarity disposition according
to a sixth exemplary embodiment of the present invention.
The data lines are alternately connected to the subpixels,
which are located at the left and right thereof, two-by-two. In
any frame, the positive (+) data voltage is applied to the first
and second data lines D1 and D2, and the negative (-) data
voltage is applied to the third and fourth data lines D3 and D4.
The data voltage is repeatedly applied in the row direction
based on four data lines as the basic unit.

[0084] Inthe inversion driving as described above, because
the data lines are alternately connected to the subpixels,
which are located at the right and left thereof, two-by-two, the
positive (+) voltage is applied to all the subpixels of the first
column and the negative (=) voltage are alternately applied to
all the subpixels of the third column, but the positive (+)
voltage and the negative (=) voltage are alternately applied to
the subpixels of the second column for each two subpixels in
the column direction, and the negative (=) voltage and the
positive (+) voltage are alternately applied to the subpixels of
the fourth column for each two subpixels in the column direc-
tion. The voltage having a polarity different from that of the
voltage applied to the current frame is applied to each of the
data lines in the next frame, and each subpixel also has the
inverted polarity.

[0085] FIG. 25 illustrates the polarity disposition according
to a seventh exemplary embodiment of the present invention.
The data lines are alternately connected to the subpixels,
which are located at the left and right thereof, two-by-two. In
any frame, the positive (+) data voltage and the negative (-)
data voltage are alternately applied to the first to third data
lines D1 to D3 for each four subpixels in the column direction,
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and the negative (=) data voltage and the positive (+) data
voltage are alternately applied to the fourth to sixth data lines
D4 to D6 for each four subpixels in the column direction. The
data voltage is repeatedly applied in the row direction based
on six data lines as the basic unit, and is inverted in each
frame. The polarities of the subpixels of each column are
inverted for each four subpixels, but the polarities of the
subpixels of the third column and the sixth column are
inverted at a period different from that of the subpixels of
other columns.

[0086] FIG.26 illustrates the polarity disposition according
to an eighth exemplary embodiment of the present invention.
The data lines are alternately connected to the subpixels,
which are located at the left and right thereof, two-by-two. In
any frame, the positive (+) data voltage is applied to the first
to third data lines D1 to D3 and the negative (-) data voltage
is applied to the fourth to sixth data lines D4 to D6. The data
voltage is repeatedly applied in the row direction based on six
data lines as the basic unit. As a result, the positive (+) data
voltage is alternately applied to the subpixels of the first and
second columns, the negative (-) data voltage is alternately
applied to the subpixels of the fourth and fifth columns, the
positive (+) data voltage and the negative (-) data voltage are
alternately applied to the subpixels of the third column for
each two subpixels, and the negative (-) data voltage and the
positive (+) data voltage are alternately applied to the subpix-
els of the sixth column for each two subpixels. In the next
frame, the data voltage having different polarities is applied to
each subpixel.

[0087] In the polarity dispositions according to the sixth to
eighth exemplary embodiments, there is a row in which the
positive (+) subpixel and the negative (-) subpixel represent-
ing the same color are not alternately disposed, but the num-
ber of positive (+) subpixels is the same as the number of
negative (-) subpixels for each color, and, therefore, the posi-
tive and negative subpixels are overall balanced.

[0088] Further, when white, monochrome, or a mixed color
is displayed, the voltage may be applied to the data lines in a
complementary manner. Therefore, the difference in lumi-
nance resulting from the polarity mismatching does not sub-
stantially occur, and the ripple of the common voltage result-
ing from polarity biasing does not occur.

[0089] FIGS. 27 and 28 are diagrams illustrating an
example of a polarity disposition of the liquid crystal display
in which polarity biasing of the data voltage occurs.

[0090] Referring to FIG. 27, each of the data lines is con-
nected only to the subpixel which is located at the right
thereof. In any frame, the positive (+) data voltage is applied
to the first and fourth data lines, and the negative (=) data
voltage is applied to the second and third data lines. The data
voltage is repeatedly applied in the row direction based on six
data lines as the basic unit, and is inverted for each frame.
[0091] In the polarity disposition, ripple may occur in the
common voltage as a result of polarity biasing. For example,
FIG. 28 illustrates that in the subpixel disposition structure of
FIG. 27, in which the minimum gray voltage is applied to the
subpixels of the colors “a” and “d” so as to display the mixed
color, and the maximum gray voltage is applied to the colors
“b” and “c”. In FIG. 28, one unit in the horizontal direction
indicates one horizontal time period “1H”. As illustrated in
FIG. 28, the voltage applied to any data line is not comple-
mentary, and when the voltage of any one data line rises, the
voltage of the remaining data lines also rises, and when the
voltage of any one data line falls, the voltage of the remaining
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data lines also falls. Therefore, polarity biasing of the data
voltage occurs and, therefore, a ripple phenomenon in which
the common voltage is undesirably moved as a result of
polarity biasing may occur. This may lead to the deterioration
in image quality. Depending on the polarity disposition
according to exemplary embodiments of the present inven-
tion, a ripple phenomenon of the common voltage or the
deterioration in image quality as a result of polarity biasing
does not occur.

[0092] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention, pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

gate lines arranged in a row direction;

data lines arranged in a column direction;

adatadriver configured to transmit data voltages to the data

lines; and

subpixels connected to the gate lines and the data lines, and

continuously arranged in basic units of eight subpixels
along the row direction,

wherein, in each of the basic units, voltage polarities

between adjacent subpixels from a first subpixel to a
fourth subpixel along the row are opposite to each other,
voltage polarities between adjacent subpixels from a
fifth subpixel to an eighth subpixel along the row are
opposite to each other, and voltage polarities of the
fourth subpixel and the fifth subpixel are the same.

2. The liquid crystal display of claim 1, wherein the data
lines are configured to apply the same voltage polarity to
subpixels in the same column.

3. The liquid crystal display of claim 2, wherein each of the
data lines is connected to the same side of the subpixels.

4. The liquid crystal display of claim 3, wherein each pixel
comprises an even number of subpixels.

5. The liquid crystal display of claim 4, wherein a group of
four subpixels defines one pixel.

6. The liquid crystal display of claim 5, wherein four sub-
pixels, which each respectively display four colors, are dis-
posedin a set order in a repeated manner in the row direction.

7. The liquid crystal display of claim 1, wherein the data
lines are configured to apply opposite voltage polarities for
each group of three subpixels in the column direction.

8. The liquid crystal display of claim 7, wherein each of the
data lines is connected to the same side of the subpixels.

9. The liquid crystal display of claim 8, wherein each pixel
comprises an even number of subpixels.

10. The liquid crystal display of claim 9, wherein a group of
four subpixels defines one pixel.

11. The liquid crystal display of claim 10, wherein four
subpixels, which each respectively display four colors, are
disposed in a set order in a repeated manner in the row
direction.

12. A liquid crystal display, comprising;

gate lines arranged in a row direction;

data lines arranged in a column direction;

adatadriver configured to transmit data voltages to the data

lines; and
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subpixels connected to the gate lines and the data lines, and
continuously arranged in basic units of four subpixels
along the row direction,

wherein:

in the basic units, voltage polarities are opposite for each

group of two subpixels along the row; and

the subpixels that are present in one of the two columns

adjacent to each other have the same voltage polarity in
the column direction, and the subpixels that are present
in the other column have opposite voltage polarities
between the adjacent subpixels in the column direction.

13. The liquid crystal display of claim 12, wherein each of
the data lines is alternately connected to opposite sides of the
subpixels in the column direction one-by-one.

14. A liquid crystal display, comprising:

gate lines arranged in a row direction;

data lines arranged in a column direction;

adata driver configured to transmit data voltages to the data

lines; and

subpixels connected to the gate lines and the data lines and

continuously arranged in basic units of eight subpixels
along the row direction,

wherein:

in each of the basic units, in the row direction, first to fourth

subpixels have opposite voltage polarities between adja-
cent subpixels, fifth to eighth subpixels have opposite
voltage polarities between adjacent subpixels, and the
fourth subpixel and the fifth subpixel have the same
voltage polarity; and

subpixels of first to third columns and fifth to seventh

columns have opposite voltage polarities between adja-
cent subpixels in each repetitive unit of three subpixels
in the column direction, and subpixels of the fourth
column and the eighth column have opposite voltage
polarities for each repetitive unit of three subpixels in the
column direction.

15. The liquid crystal display of claim 14, wherein each of
the data lines is alternately connected to opposite sides of the
subpixels in the column direction one-by-one.

16. A liquid crystal display, comprising:

gate lines arranged in a row direction;

data lines arranged in a column direction;

adatadriver configured to transmit data voltages to the data

lines; and

subpixels connected to the gate lines and the data lines and

continuously arranged in basic units of eight subpixels
along the row direction,
wherein:
in each of the basic units, in the row direction, first to fourth
subpixels have the same voltage polarity, and fifth to
eighth subpixels have a voltage polarity opposite to the
voltage polarity of the first to fourth subpixels; and

subpixels of first to third columns and fifth to seventh
columns have opposite voltage polarities for each repeti-
tive unit of three subpixels in the column direction, and
subpixels of a fourth column and an eighth column have
opposite voltage polarities between the adjacent subpix-
els in each repetitive unit of three subpixels in the col-
umn direction.

17. The liquid crystal display of claim 16, wherein each of
the data lines is alternately connected to opposite sides of the
subpixels in the column direction one-by-one.
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18. A liquid crystal display, comprising;

gate lines arranged in a row direction;

data lines arranged in a column direction;

adatadriver configured to transmit data voltages to the data

lines; and

subpixels connected to the gate lines and the data lines and

continuously arranged in basic units of four subpixels
along the row direction,

wherein:

in each of the basic units, groups of two subpixels along the

row direction have opposite voltage polarities, and

the subpixels in one of the two columns adjacent to each

other have the same voltage polarity, and each group of
two subpixels in the other of the two columns have
opposite voltage polarities.

19. The liquid crystal display of claim 18, wherein each of
the data lines is alternately connected to opposite sides of the
subpixels in the column direction two-by-two.

20. A liquid crystal display, comprising;

gate lines arranged in a row direction;

data lines arranged in a column direction;

adatadriver configured to transmit data voltages to the data

lines; and

subpixels connected to the gate lines and the data lines and

continuously arranged in basic units of six subpixels
along the row direction,

wherein, in each of the basic units, each group of three

subpixels along the row have opposite voltage polarities.

21. The liquid crystal display of claim 20, wherein each of
the data lines is alternately connected to opposite sides of the
subpixels in the column direction two-by-two.

22. The liquid crystal display of claim 21, wherein the data
lines are configured to apply opposite voltage polarities for
each group of four subpixels in the column direction.

23. The liquid crystal display of claim 21, wherein the
subpixels in two of the three columns adjacent to each other
have the same voltage polarity in the column direction and the
subpixels in the other column of the three columns have
opposite voltage polarities between the adjacent subpixels in
the column direction.

24. A method for driving a liquid crystal display compris-
ing subpixels that are respectively connected to gate lines
arranged in a row direction and data lines arranged in a
column direction, the subpixels being continuously arranged
in basic units of eight subpixels along the row direction,
comprising:

applying data voltages, which have opposite polarities

between adjacent subpixels in the row direction, to data
lines connected to first to fourth subpixels in the row
direction;

applying data voltages, which have opposite polarities

between adjacent subpixels in the row direction, to data
lines connected to fifth to eighth subpixels in the row
direction; and

applying data voltages having the same polarity to the data

lines connected to the fourth and fifth subpixels in the
row direction.

25. The driving method of claim 24, wherein each of the
data lines is connected to the same side of the subpixels.

26. The driving method of claim 25, wherein data voltages
having the same voltage polarity for one frame are applied to
each of the data lines.
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27. The driving method of claim 25, wherein data voltages
having opposite voltage polarities for each group of three
subpixels in the column direction are applied to each of the
data lines.
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