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A liquid crystal display having specific dispositions of pixels
of'a liquid crystal display so as to prevent the coupling defect
and the stripe defect in high speed driving. The liquid crystal
display includes a plurality of pixels arranged in a matrix
shape, a switching element connected to each pixel, data lines
and gate lines connected to the switching elements, and a data
driver generating data voltages and applying the data voltages

Nov. 16, 2006. to the data lines. The data lines are disposed at both sides of
the pixels in pairs, and data voltages of the same magnitude
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In this manner, preventing the coupling defect and the stripe
Dec. 6,2005 (KR) .oooerrrererrnnns 10-2005-0118067 defect, high speed driving can be performed.
600
R {
G 800_1 Gray Voltage
B s Generator -
i )
DE—]| €% | cONT2 I ,
Hsync —s Controller " DAT Data Driver
Vsyno—» GONTI I TR PR [ PR Dn
MOLK —s 1 |
i i
: PX Y cOM
G| |
Voff e ; |
|- ! i
Yor— Gate| ! -
400—Drivery {1 , a
Gr-1i ]
1 |
f I
| I
| |
Gn_| !
1 {

———————— e e



Patent Application Publication Oct. 6,2011 Sheet1 0of 10 US 2011/0241979 A1l

FIG.1
600
L
é 800 Gray Voltage
B sl . Generator 00
DE—| SE | conT2 ) S0
Hsyne —s Controller DAT | Data Driver
Vsync_’ CON-H D] DQ L _D_Q_‘_'__'_"____D_m N
MCLK —s r |
; PX 1 PX . =—\/com
Gr_| :
VOﬂ:-——- E i
Vor—— Gate | |
400 Driver| {1 300
Gn—ﬁ i
Go | |

___________________________________________________



Patent Application Publication

Oct. 6,2011 Sheet 2 of 10

F1G.2

US 2011/0241979 Al



Patent Application Publication Oct. 6,2011 Sheet 3 of 10 US 2011/0241979 A1l

FIG.3

+ - ¥ - +
Di| Do| Dsf D4 Dsj D Dy
- BX
- ¥ - + - ¥
Gy T ] I T T ]
+ - + - + -
Gi T I | T T
- + - + - +
ot - - - | -
G i I T T ] I
T R - 1 -
Gz [ T I i I T
+ -- +4 -- ++ - "
Dia Dipf D22 Do} D32 Dan| {D4a Do} (D52 Dspf Dsa Do
- PX
- + - + - +
o e pencs = - =
G T I I T I T
- + - ¥ - +
G T T 1 ] I T
- + - + - 3
. a . | " . -
G i I I ] i T
- + - + - ]
GH 1 T T T T I




Patent Application Publication Oct. 6,2011 Sheet4 of 10 US 2011/0241979 A1l

FI1G.5

Veom

Veom
Vath e |




Patent Application Publication Oct. 6,2011 Sheet 5 0f 10 US 2011/0241979 A1l

FIG.6A

¥o-- 4E —= 4+ == 4
Dis Dif D22 Daf D32 Dol s Day) |Dsa Do) [Dea Dao
- FX
- + - n - +
et - L -
Gi-i T T T I T T
+ - ¥ - ¥ -
Gj ] ] T I T I
- ¥ - ¥ - ¥
G T I I I I T
£ - + - ¥ -
G2 T T T T T T

Dia Dy D22 Dot Dsa Dayf [Daa Dayf |Dsa Dsyf D Da
- PX

- + - + - +
Gﬂ 1~_1 1m-1 l-nJE
+ - + . + -

G 4 ul il - 1Y ul
- + - + - b
Gj+1 1__1 1——1 1-—11
+ - + - + -

Gz [y il 1Y ul




Patent Application Publication Oct. 6,2011 Sheet 6 of 10 US 2011/0241979 A1l

FIG.7

+ - +t -- ++ - +
Dia Di [D22 Do |D3e Daf [Dsa Dasf [Dsa Def [Dea D
- t - * - *PXa
Gt A ] | 2 1 3
1 |
1 . 1 i 1 b 1 - 1 i px
I e Tl F et e B
+ - + - + -
- + - + - +
- = o b -
GJ 1 | i ] i 1
1 | I 1 1 1
+ - + - + -
- + - + - +

Gt ] ] ] A i




Patent Application Publication Oct. 6,2011 Sheet7 of 10 US 2011/0241979 A1l
+ -+ -+ -+ -+ -+ -
Dia Dif D22 Do D32 Daed 1Dsa Dad D5 Dsef {Dsa Dey
U Ul - Ui Ul Ul e
G I I ] I T I PX
1 1 T 1 i i
- - - H o H—PXb
+ + + + + ¥
Gj I I I T T I
1 1 | i { |
IEIE + + L+
G ] ] ¥ T I T
1 1 1 T 1 I
facr o) by A - i
+ + + + e
Gijo T ] ] ] I T
| i | | 1 1
formcd procct e St e e
+ + + + - -




Patent Application Publication Oct. 6,2011 Sheet 8 of 10 US 2011/0241979 A1l

+ -+ -+ -+ -+ - -
Dis Di [D2a Do D32 Dayf IDsa Dayf Dsa Dsl [Dea Do
- - - + - +
G od o - == 1 PXa
i T T
— I = — 1 T PX
+ -] i + - 7] + - :\-—»PXID
+ - + - ¥ -
GJ I I | 1 I |
1 1 1 1 1 {
- + - + - '
- + - - - +
Gijs I I I ] ] T
1 1 1 1 1 1
1+ - 171 + - + -
+ - ¥ - + -
GJ+2 | ] ] T T T
1 1 T T 1 1
- + - + - *




Patent Application Publication Oct. 6,2011 Sheet9 of 10 US 2011/0241979 A1l
+ -+ -4 -4 -+ -+ -
Dia Dif D22 Dad D3 Dad [Dsa Dad |Dsa Dst} |Dea Do
- + - + - + oy
G'_1 by Gy e R R " a
J = - r - - 4y PX
u ngu 1 L
+ - + - + « F—PXb
- + - + - +
ngn s g
G; T I I I I I
{ i 1 1 1 1
1 .. Sy . -
+ - + - + -
- + - + - +
Gje T I i I ] I
)| 1 | 1 11 1
+ -+ - 1117 + -
- + - + - +
Gz wibls! I I i ]
i 1 1 1 1
1+ -+ -0+ .




Patent Application Publication Oct. 6,2011 Sheet 10 of 10 US 2011/0241979 A1l

FIG.8D

+ _ -+ -+ _ -+ -
Dia D [D2e Doyl D32 Do PD4a Dap| {Ds2 Dsvy {Dsa Des
- ¥ - t - tHPXa
G-t T T I T T T PX
| ] 1 i 1 1
| o - - 8 - H—PXb
+ - + - + -
+ - + - + -
GJ I T | I I 1
] | 1 ¥ i )
- + - + - 1
- + - + - +
. gl preat ’-1 aa’ ] o
Gt 1 T T T I I
1 1 ] i | ]
e frce] e oo *-J
+ - + 0 s -
+ - + . + -
Gjr2 T T 1 T T 1
| 1 | ] | an
- i+ - + - 4




US 2011/0241979 Al

LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation Application of
U.S. patent application Ser. No. 11/560,559 filed Nov. 16,
2006, which claims priority to and the benefit of Korean
Patent Application No. 10-2005-0118067 filed in the Korean
Intellectual Property Office on Dec. 6, 2005, the entire con-
tents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Technical Field

[0003] The present disclosure relates to a liquid crystal
display.

[0004] (b) Discussion of the Related Art

[0005] A conventional liquid crystal display (LCD)
includes two display panels provided with pixel electrodes
and a common electrode, and a liquid crystal layer interposed
between the two panels and having dielectric anisotropy. The
pixel electrodes are arranged in a matrix shape, and are con-
nected to a switching element, such as a thin film transistor
(TFT), so as to be sequentially applied with a data voltage row
by row. The common electrode is formed on an entire surface
of the display panel and is applied with a common voltage.
The pixel electrodes, the common electrode, and the liquid
crystal layer therebetween form a liquid crystal capacitor an
overall circuit, and the liquid crystal capacitor is a basic unit
constituent of a pixel along with a switching element con-
nected thereto.

[0006] Insuch aliquid crystal display, voltages are applied
to the two electrodes so as to form an electric field in the liquid
crystal layer, and transmittance of light passing through the
liquid crystal layer is regulated by regulating an amplitude of
the electric field so as to obtain a desired image. In order to
prevent a degradation phenomenon caused by the application
of an electric field in one direction to a liquid crystal layer for
a long period of time, the polarity of the data voltage with
respect to the common voltage is inverted for respective
frames, respective rows, or respective pixels.

[0007] Various methods are presently being tried as an
effort to improve motion picture display characteristics of
sucha liquid crystal display, for example, a high speed driving
method driving at the speed of 120 frames per second is under
development. For high speed driving, a response speed of the
liquid crystal should be two times the speed of 60 frames per
second, and it is now estimated that this is possible.

[0008] Inaddition, since a large amount of electrical power
is consumed as a result of the high frame speed used in the
high speed driving technique, an attempt to minimize power
consumption has been tried by adopting a column inversion in
an inversion driving method.

[0009] The column inversion changes the polarity of a data
voltage of the same data line by one frame, and since the
number of inversions of the data voltage is one in one frame,

power consumption characteristics are substantially
enhanced.
[0010] There are two problems with the column inversion,

however. One of the problems is a coupling defect, and the
other is a stripe defect.

[0011] The coupling defect is a phenomenon that the
respective luminances of an upper portion and a lower portion
of'aliquid crystal panel assembly become different from each
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other since a data voltage of the same polarity is continuously
applied for one frame because of parasitic capacitance gen-
erated by an overlap of the data lines and the pixel electrodes.
More specifically, a vertical crosstalk phenomenon occurs,
where, if' a box having a higher gray value than a root image
is displayed on the root image having a low gray value,
portions above and below the box have different gray values
from the root image. In order to solve this coupling problem,
a ratio of the parasitic capacitance due to the overlap of the
data line and the pixel electrode to an entire capacitance of the
device should be less than or equal to 1%, and to achieve this
is difficult.

[0012] The stripe defect is a phenomenon where a stripe is
formed when data voltages of the same polarity are applied in
a vertical directions and there is a difference between data
voltages of a positive polarity and a negative polarity.
[0013] 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 form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0014] Exemplary embodiments of the present invention
provide a liquid crystal display having the advantages of
preventing the coupling defect and the stripe defect present in
high speed driving of the display.

[0015] An exemplary embodiment of the present invention
provides a liquid crystal display including: a plurality of
pixels arranged in a matrix shape, a switching element con-
nected to each pixel; data lines and gate lines connected to the
switching elements; and a data driver generating data volt-
ages and applying the data voltages to the data lines. The data
lines are disposed at both sides of the pixels in pairs, and data
voltages of the same magnitude but with different polarities
are applied to the pairs of data lines.

[0016] The switching element of each pixel may be con-
nected to only one of the pair of data lines, and the switching
elements of two neighboring pixels in a vertical direction of a
pixel column may be alternately connected to the pair of data
lines.

[0017] The data driver may perform an Nx2 inversion.
[0018] A pixel disposition of even numbered columns
among pixel columns and a pixel disposition of odd num-
bered pixel columns may form mirror symmetry with respect
to the data line interposed therebetween, and the data driver
may perform an Nx1 inversion.

[0019] A liquid crystal display according to an exemplary
embodiment of the present invention includes: a plurality of
pixels arranged in a matrix shape and respectively including a
first subpixel and a second subpixel; first and second switch-
ing elements connected to the first and second subpixels; data
lines and gate lines connected to the first and second subpix-
els; and a data driver generating a data voltage and applying
the data voltage to the data line. The data lines are disposed at
both sides of the pixels in pairs, and data voltages of the same
magnitude with different polarities are applied to the pairs of
data lines.

[0020] The first and second switching elements of the pix-
els may be respectively connected to different data lines of the
pairs of data lines, and the data driver may perform an Nx2
inversion.

[0021] Alternatively, the data driver may perform an Nx1
inversion.
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[0022] A pixel disposition of even numbered columns
among pixel columns and a pixel disposition of odd num-
bered pixel columns may form mirror symmetry with respect
to the data lines interposed therebetween.

[0023] The first and second switching elements of the first
and second subpixels of a neighboring pixel in a column
direction may be connected to the same data line.

[0024] A pixel disposition of even numbered columns
among pixel columns and a pixel disposition of odd num-
bered pixel columns may form mirror symmetry with respect
to the data lines interposed therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings briefly described
below illustrate exemplary embodiments of the present inven-
tion and, together with the description, serve to explain the
principles of the present invention.

[0026] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0027] FIG. 2 is an equivalent circuit diagram of one pixel
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0028] FIG. 3 is a drawing showing pixel disposition of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0029] FIG. 4 is a drawing showing an example of pixel
disposition of a liquid crystal display according to an exem-
plary embodiment of the present invention.

[0030] FIG. 5 is a waveform diagram for explaining a prin-
ciple of removing a coupling defect in the pixel disposition
shown in FIG. 4.

[0031] FIG. 6A and FIG. 6B are drawings showing exem-
plary variations of the pixel disposition shown in FIG. 4.
[0032] FIG. 7 is a drawing showing pixel disposition of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0033] FIG. 8A to FIG. 8D are drawings showing exem-
plary variations of the pixel disposition shown in FIG. 7.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0034] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown.

[0035] A liquid crystal display according to an exemplary
embodiment of the present invention will now be explained in
detail with reference to FIG. 1 and FIG. 2.

[0036] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram of one pixel
of a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0037] As shown in FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes a liquid crystal panel assembly 300, a gate driver 400
and a data driver 500 connected to the liquid crystal panel
assembly 300, a gray voltage generator 800 connected to the
data driver 500, and a signal controller 600 controlling these
elements. In a point of view of an equivalent circuit, the liquid
crystal panel assembly 300 includes a plurality of signal lines
G, t0G,,and D, to D,,,, and a plurality of pixels PX connected
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to the signal lines and substantially arranged in a matrix
shape. Meanwhile, in a structure shown in FIG. 2, the liquid
crystal panel assembly 300 of FIG. 1 includes lower and
upper panels 100 and 200 that face each other, and a liquid
crystal layer 3 (not shown) that is interposed between the
panels 100 and 200.

[0038] The signal lines G, to G,, and D, to D,,, include a
plurality of gate lines G, to G,, that transmit gate signals, also
referred to as “scanning signals”, and a plurality of data lines
D, to D,, that transmit data signals. The gate lines G, to G,,
extend in a row direction to be substantially parallel to one
another, and the data lines D, to D,, extend in a column
direction to be substantially parallel to one another.

[0039] Each pixel PX, for example, the pixel PX connected
to the i-th (i=1, 2, . . ., n) gate line G, and the j-th =1, 2, . ..
, m) data line Dj includes a switching element Q connected to
the signal lines G, and D, and a liquid crystal capacitor Clc and
a storage capacitor Cst connected to the switching element Q.
If desired, the storage capacitor Cst can be omitted.

[0040] The switching element Q is a three terminal ele-
ment, such as a thin film transistor, provided to the lower
panel 100, a control terminal thereof is connected to the gate
line G, an input terminal thereof is connected to the data line
D,, and an output terminal thereof is connected to the liquid
crystal capacitor Clc and the storage capacitor Cst.

[0041] The liquid crystal capacitor Clc has two terminals,
one connected to a pixel electrode 191 of the lower panel 100,
and the other connected to a common electrode 270 of the
upper panel 200. The liquid crystal layer 3 between the two
electrodes 191 and 270 serves as a dielectric material. The
pixel electrode 191 is connected to the switching element Q,
and the common electrode 270 can be formed on the entire
surface of the upper panel 200. A common voltage Vcom is
applied to the common electrode 270. Unlike what is shown
in FIG. 2, the common electrode 270 may be provided on the
lower panel 100. In this case, at least one of the two electrodes
191 and 270 can be formed in a linear or a bar shape.

[0042] The storage capacitor Cst, which supplements the
liquid crystal capacitor Clc, has a separate signal line (not
shown) and is formed when the pixel electrodes 191 provided
on the lower panel 100 overlap each other with an insulator
interposed therebetween. A fixed voltage such as the common
voltage Vcom is applied to the separate signal line. The stor-
age capacitor Cst may also be formed by the pixel electrode
191 and the overlying previous gate line arranged to overlap
each other through the insulator.

[0043] For color display, each pixel PX uniquely displays
one of three primary colors (spatial division) or each pixel PX
alternately displays the three primary colors (temporal divi-
sion) as time lapses, and a desired color is recognized by a
spatial or temporal sum of the primary colors. Examples of
the three primary colors include red, green, and blue. FIG. 2
shows an example of spatial division. In this example, each
pixel PX has a color filter 230 for one of the primary colors in
a region of the upper panel 200 corresponding to the pixel
electrode 191. Unlike what is shown in FIG. 2, the color filter
230 may be formed above or below the pixel electrode 191 of
the lower panel 100.

[0044] At least one polarizer (not shown) for polarizing
light is attached to an outer surface of the liquid crystal panel
assembly 300.

[0045] Referringagainto FIG. 1, the gray voltage generator
800 generates two sets of gray voltages related to the light
transmittance of the pixel PX forming a set of reference gray
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voltages. The two sets of gray voltages have a positive value
and a negative value with respect to the common voltage
Vcom, respectively.

[0046] The gate driver 400 is connected to the gate lines G,
to G,, of the liquid crystal panel assembly 300, and applies the
gate signals, which are combinations ofa gate-on voltage Von
and a gate-off voltage Voff, to the gate lines G, to G,,.
[0047] The data driver 500 is connected to the data lines D,
to D, of theliquid crystal panel assembly 300. The data driver
500 selects one of the gray voltages from the gray voltage
generator 800, and applies the selected gray voltage to the
data lines D, to D,, as a data signal. In the case, however, that
the gray voltage generator 800 supplies only a predetermined
number of the reference gray voltages, rather than the volt-
ages for all gray levels, the data driver 500 divides the refer-
ence gray voltage so as to generate the gray voltages for all
gray levels and selects the data voltage from among these.
[0048] The signal controller 600 controls the gate driver
400, the data driver 500, and other elements.

[0049] Each of such display driving elements 400, 500,
600, and 800 may be directly mounted on the liquid crystal
panel assembly 300 in the form of at least one IC chip, may be
attached to the liquid crystal panel assembly 300 while being
mounted on a flexible printed circuit film (not shown) by a
TCP (tape carrier package), or may be mounted on a separate
printed circuit board (not shown). Alternatively, the driving
elements 400, 500, 600, or 800 may be integrated with the
liquid crystal panel assembly 300, together with the signal
lines G, to G,, and D, to D,, and the thin film transistor
switching element Q. Alternatively, the driving elements 400,
500, 600, or 800 may be integrated into a single chip. In this
case, at least one of the elements, or at least one circuit
element constituting the elements, may be outside the single
chip.

[0050] The display operation of the liquid crystal display
will now be described in detail.

[0051] The signal controller 600 receives input image sig-
nals R, G, and B and input control signals for controlling
display of the input image signals R, G, and B. Examples of
the input control signals include a vertical synchronization
signal Vsync, a horizontal synchronizing signal Hsync, a
main clock signal MCLK, a data enable signal DE, and the
like.

[0052] The signal controller 600 processes the input image
signals R, G, and B according to the operating condition of the
liquid crystal panel assembly 300 on the basis of the input
image signals R, G, and B and the input control signals, and
generates a gate control signal CONT1 and a data control
signal CONT2. Then, the signal controller 600 supplies the
gate control signal CONT1 to the gate driver 400 and supplies
the data control signal CONT2 and the processed image sig-
nal DAT to the data driver 500.

[0053] The gate control signal CONT1 may include a scan-
ning start signal that instructs to start scanning, and at least
one gate clock signal controlling an output timing of a gate-on
voltage Von. The gate control signal CONT1 may further
include an output enable signal limiting a duration time of the
gate-on voltage Von.

[0054] The data control signal CONT?2 includes a horizon-
tal synchronization start signal that notifies transmission of
the output image signal DAT to one row of pixels PX, a load
signal instructing to apply the data signal to the data lines D,
to D,,, and a data clock signal. The data control signal CONT2
may also further include an inversion signal for inverting the
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voltage polarity of the data signal relative to the common
voltage Vcom, hereinafter, the voltage polarity of the data
signal relative to the common voltage is simply referred to as
the polarity of the data signal.

[0055] On the basis of the data control signal CONT?2 from
the signal controller 600, the data driver 500 receives the
digital image signal DAT for one row [set] of pixels PX, and
selects the gray voltage corresponding to each digital image
signal DAT from the gray voltage generator. Then, the data
driver 500 coverts the digital image signal DAT into an analog
data signal, and applies the analog data signal to the corre-
sponding data lines D, to D,,,.

[0056] The gate driver 400 applies the gate-on voltage Von
to the gate lines G, to G,, on the basis of the gate control signal
CONT1 from the signal controller 600 so as to turn on the
switching element Q connected to the gate lines G, to G,,.
Accordingly, the data signal applied to the datalines D, to D,,
is applied to the corresponding pixel PX through the turned-
on switching element Q.

[0057] A difference between the voltage of the data signal
applied to the pixel PX and the common voltage Vcom
becomes a charge voltage of the liquid crystal capacitor Clc,
that is, it becomes a pixel voltage. The alignment of liquid
crystal molecules varies according to the value of the pixel
voltage and, thus, the polarization of light passing through the
liquid crystal layer 3 is changed. The change in polarization
causes a change in transmittance of light by the polarizers
attached to the display panel assembly 300.

[0058] By repeating this operation for every one horizontal
period (referred to as “1H”), which is equal to one cycle of the
horizontal synchronizing signal Hsync and the data enable
signal DE, the gate-on voltage Von is sequentially applied to
all of the gate lines G, to G,,, and the data signal is applied to
all of the pixels PX, so that an image corresponding to one
frame is displayed.

[0059] When one frame is completed, and a next frame
starts, the state of the inversion signal to be applied to the data
driver 500 is controlled such that the polarity of the data
voltage to be applied to each pixel is opposite to the polarity
thereof in the previous frame (“frame inversion™). At this
time, the polarity of the data signal on one data line may be
changed in one frame according to the characteristics of the
inversion signal, for example, row inversion or dot inversion,
or the polarity of the data signal applied to one pixel row may
be different from each other, for example, column inversion
or dot inversion.

[0060] The pixel disposition of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion will now be explained in detail with reference to FIG. 3
to FIG. 8D.

[0061] FIG. 3 is a drawing showing pixel disposition of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0062] Here, for better comprehension and ease of descrip-
tion, only a portion (D, to D,) of the data lines and only a
portion (G,_, to G, ,) of the gate lines are shown, and the data
driver 500 performs a column inversion as shown by the
polarities on the data lines D, D,. In this case, the column
inversion can include repeating the same polarity in one time
(not shown), as well as alternating a positive polarity and a
negative polarity. For example, the column inversion includes
the case in which two polarities of the data voltage are alter-
nately repeated such as ‘+, —, +, -, +, —, . . .7, that is, Nx1
inversion, and the case in which the same polarity is repeated
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in one time and then the polarity is inverted, Nx2 inversion
(not shown). Furthermore, the case in which a separate volt-
age is applied only to the left-end data line and 1+Nx2 inver-
sion driving is performed will simply be called the Nx2
inversion hereinafter. In addition, although the switching ele-
ments Q of the pixels PX are connected to the data lines D, to
D; and the gate lines D, to D; and G,_, to G, ,, explanations
will be made for the case that the pixels PX are connected to
the two signal lines D, to D; and G,_, to G, .
[0063] AsshowninFIG. 3, respective pixels PX of one row
are connected to the data lines D, to D, positioned at the left
or the right thereof, and the pixels of one column are alter-
nately connected to the data lines D, to D, positioned at the
left and the right thereof. Accordingly, the polarity of data
voltages appearing in the pixels PX, hereinafter referred to as
the polarity of the pixels, alternately shows a positive (+)
polarity and a negative (-) polarity, and this results in the
performing of dot inversion. Accordingly, the stripe defect
that is generated when polarities of the pixels PX of one
column are equal to one another can be prevented.

[0064] FIG. 4 is a drawing showing an example of pixel
disposition of a liquid crystal display according to an exem-
plary embodiment of the present invention.

[0065] Referring to FIG. 4, unlike what is shown in FIG. 3,
pairs of datalines D, ,and D, ,, D, and D,,, D5, and D;,,D,,,
and D,,, D, and D,,, and D, and D, are respectively dis-
posed at the left and the right of the respective pixels PX, and
the pixels PX are respectively connected to the data lines D, ,,
D,,, Dsp, Dy, Ds,, and Dy, that are positioned at the right
thereof.

[0066] Accordingly, polarities of the pixels PX of one row
are alternately changed, and polarities of the pixels PX of one
column are all the same. The polarities of the data lines D, ,,
D,,, D5, D4, Ds,, and D, to which the pixels PX are not
connected among the pairs of datalines D, ,and D, ,, D,, and
D,,,D;,and D;,,D,,and D,,, D5, and Ds,, and Dy, and D,
are opposite to the polarities of the data lines D, ,, D,,, D;,,
D,,, Ds,, and D, to which the pixels PX are connected.
[0067] For example, in the pair of data lines D,, and D,
included in the first column, the data voltage Vdtb of a nega-
tive polarity is applied to the right data line D, ., and the data
voltage Vdtb of a positive polarity is applied to the left data
line D, ,. These data voltages are shown with respect to the
common voltage Vcom in FIG. 5. That is, the data voltage of
the same magnitude as the data voltage applied to the right
data line D, , but having the opposite polarity to that of the
data voltage applied to the right data line D, , is applied to the
left data line D,,. This causes voltages across parasitic
capacitors in respective pixels PX to offset each other, so that
the coupling defect does not occur.

[0068] FIG. 6A and FIG. 6B are drawings showing exem-
plary variations of the pixel disposition shown in FIG. 4.
[0069] Inthe pixel disposition shown in FIG. 6A, the pixels
PX of the same row are respectively connected to the same
datalines D, ,, D,,, D3,, Dy, Dsy, and Dg,, 0r Dy, Dy Dy,
D,,, Ds,, and D, and the pixels PX of the same column are
respectively alternately connected to the pairs of data lines
D,,andD,,,D,,and D,,,D;,and D;,,D,, and D,,, D5 and
Ds,, and D, and Dy, per row. In the pixel disposition shown
in FIG. 6B, the pixel disposition in the odd numbered col-
umns is equal to the pixel disposition shown in FIG. 6A, and
the pixel disposition in the even numbered columns and the
pixel disposition in the odd numbered columns form mirror
symmetry with respect to the data lines interposed therebe-
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tween. For example, the pixel disposition of the second col-
umn and the pixel disposition of the first column form mirror
symmetry with respect to the data lines D,, and D, ,,.

[0070] The stripe defect may occur in the pixel disposition
shown in FIG. 4, since polarities of the data voltages applied
to the pixels PX of one column are the same. The pixel
dispositions shown in FIG. 6A and FIG. 6B, however, can
prevent not only the coupling defect but also the stripe defect.

[0071] FIG. 7 is a drawing showing pixel disposition of a
liquid crystal display according to an exemplary embodiment
of'the present invention, and FIG. 8A to FIG. 8D are drawings
showing exemplary variations of the pixel disposition shown
in FIG. 7.

[0072] FIG. 7 shows a pixel structure obtained by dividing
respective pixels PX in the pixel structure shown in FIG. 4,
FIG. 6A, and FIG. 6B into two subpixels PXa and PXb with
respect to the gate lines G;_, to G,,,. This is a structure for
enhancing side visibility, and is mainly used ina liquid crystal

display of a vertical alignment (VA) mode.

[0073] Two subpixels PXa and PXb constituting one pixel
PX are respectively connected to different data lines D, , and
D,;,D,,andD,,, D, and D;,,D,,and D,,, D, ,and D, or
Dg, and Dy, and this structure is repeated in the row direction
and in the column direction, so that polarities of the pixels PX
as shown in the drawing are formed.

[0074] Since polarities of the data lines of the pairs of data
linesD,,andD,,,D,,and D,,,D,,andD,,, D, andD,,, Ds,
and Ds,, and D, and D, between which the pixels PX are
disposed are opposite to each other, the coupling defect does
not occur. In addition, since polarities of the pixels PX in one
column are alternately repeated, the stripe defect does not
occur.

[0075] The pixel disposition shown in FIG. 8A is equal to
the pixel disposition shown in FIG. 7. They differ, however, in
the polarities of the applied data voltages, and thereby polari-
ties of the pixels PX become different even in the same
structure. That is, although polarities of the pixels PX show a
positive polarity and a negative polarity in the row direction
and in the column direction in the pixel disposition shown in
FIG. 7, polarities of the pixels PX are the same in the row
direction in the pixel disposition shown in FIG. 8A. The
coupling defect or the stripe defect, however, can be pre-
vented even in this case.

[0076] Inthe pixel disposition shown in FIG. 8B, two sub-
pixels PXa and PXb constituting one pixel PX are respec-
tively connected to different data lines D, , and D, ,, D, , and
D,;, D5, and Dy, D, , and D,,, D5, and Ds,, or Dy, and Dg,,.
Two neighboring subpixels of two neighboring pixels in the
column direction, however, are connected to the same data
lineD, ,orD,,,D,,0rD,,,D;,0rD;,,D,,0rD,,, Ds,0rDs,,
or Dg, or Dg,. For example, the lower subpixel PXb in the
(j=1)-th row of the first column and the upper subpixel PXa in
the neighboring j-th row of the first column are connected to
the same data line D, ,, and the lower subpixel PXb in the j-th
row and the upper subpixel PXa in the neighboring (j+1)-th
row are connected to the same data line D .

[0077] Inthe pixel disposition shown in FIG. 8C, the pixel
disposition of the odd numbered columns is the same as the
pixel disposition shown in FIG. 8B, and the pixel disposition
of'the even numbered columns and the pixel disposition of the
odd numbered columns form mirror symmetry with respectto
the data lines interposed therebetween. For example, the pixel
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disposition of the second column and the pixel disposition of
the first column form mirror symmetry with respect to the
data lines D,, and D,,.

[0078] In the pixel disposition shown in FIG. 8D, the pixel
disposition of the odd numbered columns is to the same as the
pixel disposition shown in FIG. 7A. That is, two subpixels
PXa and PXDb constituting one pixel PX are respectively con-
nected to different data lines D, , and D,,, D,, and D,,, D;,,
and D;,,D,, and D,,, Dy, and Dy, or Dy, and Dy, and this
structure is repeated in the column direction. The pixel dis-
position of the even numbered columns and the pixel dispo-
sition of the odd numbered columns form mirror symmetry
with respect to the data lines interposed therebetween, just
like the pixel disposition shown in FIG. 8C.

[0079] As such, data voltages of the same magnitude with
different polarities are applied to the data lines of the respec-
tive pairs of datalines D, ,and D, ,, D, ,and D,,, D, ,and D;,,
D,,and D,;, Ds, and Ds,, and Dy, and D, and polarities of
pixels in the column direction are alternately repeated, so that
the coupling defect and the stripe defect can be prevented.
[0080] Inthis manner, while preventing the coupling defect
and the stripe defect, high speed driving can be performed.
[0081] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A display device comprising:

a pixel comprising:

afirst sub-pixel having a first sub-pixel electrode and a first
thin film transistor, and

asecond sub-pixel having a second sub-pixel electrode and
a second thin film transistor;

a gate line electrically connected to the first sub-pixel and
the second sub-pixel, the gate line extending in a first
direction and configured to transmit a gate signal;

a first data line electrically connected to the first sub-pixel,
the first data line extending in a second direction and
configured to transmit a first data voltage; and

a second data line electrically connected to the second
sub-pixel, the second data line extending in the second
direction and configured to transmit a second data volt-
age,

wherein the first sub-pixel electrode is spaced apart from
the second sub-pixel electrode in plan view,

wherein one of the first thin film transistor and second thin
film transistor is disposed at an upper side of the gate line
and the other of the first thin film transistor and second
thin film transistor is disposed at a lower side of the gate
line, and

wherein the gate line is disposed between the first sub-pixel
and the second sub-pixel.

2. The display device of claim 1, wherein the first sub-pixel
and the second sub-pixel are disposed to correspond to a first
color filter.

3. The display device of claim 2, wherein the first data
voltage is different from the second data voltage and the first
data voltage and the second data voltage are obtained from a
single image information.
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4. The display device of claim 3, wherein the first data
voltage has a polarity opposite to a polarity of the second data
voltage.

5. The display device of claim 4, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

6. The display device of claim 5, wherein the first sub-pixel
and the second sub-pixel are disposed between the first data
line and the second data line.

7. The display device of claim 4, wherein the first sub-pixel
and the second sub-pixel are disposed between the first data
line and the second data line.

8. The display device of claim 3, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

9. The display device of claim 8, wherein the first sub-pixel
and the second sub-pixel are disposed between the first data
line and the second data line.

10. The display device of claim 3, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

11. The display device of claim 2, wherein the first data
voltage has a polarity opposite to a polarity of the second data
voltage.

12. The display device of claim 11, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

13. The display device of claim 12, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

14. The display device of claim 11, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

15. The display device of claim 2, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

16. The display device of claim 15, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

17. The display device of claim 2, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

18. The display device of claim 1, wherein the first data
voltage is different from the second data voltage and the first
data voltage and the second data voltage are obtained from a
single image information.

19. The display device of claim 18, wherein the first data
voltage has a polarity opposite to a polarity of the second data
voltage.

20. The display device of claim 19, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

21. The display device of claim 20, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

22. The display device of claim 19, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.
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23. The display device of claim 18, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

24. The display device of claim 23, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

25. The display device of claim 18, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

26. The display device of claim 1, wherein the first data
voltage has a polarity opposite to a polarity of the second data
voltage.

27. The display device of claim 26, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.
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28. The display device of claim 27, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

29. The display device of claim 26, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

30. The display device of claim 1, wherein one of the first
data line and second data line is disposed at a left side of the
pixel and the other of the first data line and second data line is
disposed at a right side of the pixel.

31. The display device of claim 30, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.

32. The display device of claim 1, wherein the first sub-
pixel and the second sub-pixel are disposed between the first
data line and the second data line.
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