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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0129430 filed on
Dec. 18, 2008 in the Korean Intellectual Property Office, the
entire content of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to a liquid crystal
display, and more particularly, to liquid crystal display pixel
arrays.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) is a widely used flat
panel display (FPD). It is composed of two display panels on
which are formed field generating electrodes, such as pixel
electrodes and a common electrode. A liquid crystal layer is
interposed between the two display panels. A voltage is
applied to the field generating electrodes to generate an elec-
tric field in the liquid crystal layer. The orientation of liquid
crystal molecules of the liquid crystal layer is determined and
the polarization of incident light is controlled through the
generated electric field to display an image.

[0006] In the LCD, a thin film transistor (TFT) array
includes gate lines for transmitting scanning signals and data
lines for transmitting data lines crossing each other to define
pixels. Each pixel of the array includes a TFT connected to a
gate line and a data line, and a pixel electrode connected to the
TFT. A pixel array is formed on the TFT array using a plural-
ity of pixels, each including the TFT.

[0007] Since a data driver of an LCD is typically a high-
priced, highly functional device as compared to a gate driver,
it becomes difficult to mount the data driver directly on a glass
substrate using amorphous silicon TFTs. In addition, as the
number of channels used increases, the manufacturing cost
sharply increases. Therefore, in order to reduce the manufac-
turing cost, it becomes helpful to reduce the number of data
driver circuits and/or the number of channels. It also becomes
helpful for the LCDs to have pixel arrays which provide
sufficient charging time for the gate driver circuits.

SUMMARY OF THE INVENTION

[0008] An exemplary embodiment of the present invention
provides an LCD which reduces the number of data driver
circuits and/or the number of channels and provides appro-
priate charging time for gate driver circuits.

[0009] An exemplary embodiment of an LCD includes a
pixel array having a plurality of pixels in a matrix on a
substrate. The matrix has at least a first pixel row and a second
pixel row adjacent the first pixel row. Both the first pixel row
and the second pixel row extend in a first direction. A first
pixel and a second pixel of the first pixel row are adjacent to
each other along the first direction. The first pixel and the
second pixel respectively include a first switching element
and a second switching element. A first common gate line
extends in a second direction different from the first direction
and is commonly connected to the first switching element and
to the second switching element. A first data line and a second
data line extend in the first direction and are connected to the
first switching element and to the second switching element,
respectively.
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[0010] The substrate may have a long side and a short side,
the long side being substantially parallel to the first direction,
and the short side being substantially parallel to the second
direction.

[0011] A length of the first pixel in the second direction
may be greater than a length of the first pixel in the first
direction.

[0012] The pixel array may alternately display colors of
red, green and blue in the first direction and display the same
color in the second direction.

[0013] A pair of a first data line and a second data line may
be in each row of the pixel array.

[0014] Each of the pixels may include a switching element,
respectively, and switching elements of a column of pixels in
the pixel array may be alternately connected to a first data line
of'a row and to a second data line in an adjacent row.

[0015] A third data line may be further provided on the
substrate. The first data line, the second data line and the third
data line may be on the substrate at repeated intervals. The
second data line and the third data line may be opposed to and
substantially parallel to each other. The first pixel row may be
between the first data line and the second data line. The
second pixel row may be between the third data line and the
first data line.

[0016] A second common gate line may be further provided
on the substrate. The first common gate line and second
common gate line may be on the substrate at repeated inter-
vals. The second common gate line may be adjacent to and
substantially parallel to the first common gate line. The sec-
ond pixel may be between the first common gate line and the
second common gate line.

[0017] The pixel array may include six pixels in a 2x3
matrix, the six pixels including the first pixel, the second
pixel, a third pixel, a fourth pixel, a fifth pixel and a sixth
pixel. The first pixel, the second pixel, and the third pixel
having a third switching element, may be in the first pixel row.
The fourth pixel, the fifth pixel and the sixth pixel, respec-
tively including a fourth switching element, a fifth switching
element and a sixth switching element, may be in the second
pixel row. The third switching element may be connected to
the second common gate line and to the second data line. The
fourth switching element may be connected to the first com-
mon gate line and to the third data line. The fifth switching
element may be connected to the second common gate line
and to the third data line. The sixth switching element may be
connected to the second common gate line and to the first data
line.

[0018] To the first data line, a first signal may be consecu-
tively applied twice followed by a second signal consecu-
tively applied twice, at repeated intervals. To the second data
line, the second signal may be consecutively applied twice
followed by the first signal consecutively applied twice, at
repeated intervals. To the third data line, the first signal may
be consecutively applied twice followed by the second signal
consecutively applied twice, at repeated intervals.

[0019] The first signal and the second signal may be alter-
nately applied to adjacent data lines.

[0020] A third data line may be further provided on the
substrate. The first data line, the second data line and the third
data line may be on the substrate at repeated intervals. The
third data line and the second data line may be opposed to and
substantially parallel to each other. The first pixel row may be
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between the second data line and the first data line. The
second pixel row may be between the first data line and the
third data line.

[0021] A second common gate line may be further provided
on the substrate. The first common gate line and the second
common gate line may be on the substrate at repeated inter-
vals. The second common gate line may be adjacent to and
substantially parallel to the first common gate line. The sec-
ond pixel may be between the first common gate line and the
second common gate lines.

[0022] The pixel array may include 12 pixels in a 2x6
matrix. The first pixel row may include the first pixel, the
second pixel, a third pixel, a fourth pixel, a fifth pixel and a
sixth pixel, respectively including the first switching element,
the second switching element, a third switching element, a
fourth switching element, and a sixth switching element,
along the first direction. The second pixel row may include a
seventh pixel, an eighth pixel, a ninth pixel, a tenth pixel, an
eleventh pixel and a twelfth pixel, respectively including a
seventh switching element, an eighth switching element, a
ninth switching element, a tenth switching element an elev-
enth switching element and a twelfth switching element,
along the first direction. The third switching element may be
connected to the second common gate line and to the second
data line. The fourth switching element may be connected to
a second first common gate line and to the second data line.
The fifth switching element may be connected to a second
common gate line and to the second data line. The sixth
switching element may be connected to the second common
gate line and to the first data line. The seventh switching
element may be connected to the first common gate line and
to the third data line. The eighth switching element may be
connected to the second common gate line and to the third
data line. The ninth switching element may be connected to
the second common gate line and to the first data line. The
tenth switching element may be connected to a second first
common gate line and to the first data line. The eleventh
switching element may be connected to the second first com-
mon gate line and to the third data line. The twelfth switching
element may be connected to the second common gate line
and to the third data line.

[0023] The first signal and the second signal may be alter-
nately applied to adjacent data lines.

[0024] A third data line may be further provided on the
substrate. The first data line, the second data line and the third
data line may be on the substrate at repeated intervals. The
third data line and the first data line may be opposed to and
substantially parallel to each other. The first pixel row may be
between the first data line and the second data line. The
second pixel row may be between the second data line and the
third data line.

[0025] A second common gate line may be further provided
on the substrate. The first common gate line and the second
common gate line may be on the substrate at repeated inter-
vals. The second common gate line may be adjacent to and
substantially parallel to the first common gate line. The sec-
ond pixel may be between the first common gate line and the
second common gate line.

[0026] The pixel array may include 12 pixels in a 2x6
matrix. The first pixel row may include the first pixel, the
second pixel, a third pixel, a fourth pixel, a fifth pixel and a
sixth pixel, respectively including the first switching element,
the second switching element, a third switching element, a
fourth switching element, a fifth switching element and a
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sixth switching element, along the first direction. The second
pixel row may include a seventh pixel, an eighth pixel, a ninth
pixel, a tenth pixel, an eleventh pixel and a twelfth pixel,
respectively including a seventh switching element, an eighth
switching element, a ninth switching element, a tenth switch-
ing element, an eleventh switching element and a twelfth
switching element, along the first direction. The third switch-
ing element may be connected to the second common gate
line and to the first data line. The fourth switching element
may be connected to a second first common gate line and to
the first data line. The fifth switching element may be con-
nected to a second second common gate line and to the first
data line. The sixth switching element may be connected to
the second common gate line and to the second data line. The
seventh switching element may be connected to the first com-
mon gate line and to the third data line. The eighth switching
element may be connected to the second common gate line
and to the second data line. The ninth switching element may
be connected to the second common gate line and to the third
data line. The tenth switching element may be connected to
the second first common gate line and to the second data line.
The eleventh switching element may be connected to the
second first common gate line and to the third data line. The
twelfth switching element may be connected to the second
common gate line and to the third data line. The first signal
and the second signal may be alternately applied to adjacent
data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other features of the present inven-
tion will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the attached
drawings in which:

[0028] FIG.1isablockdiagram of an LCD according to an
exemplary embodiment of the present invention;

[0029] FIG. 2 is an equivalent circuit diagram of a TFT
display panel of the LCD shown in FIG. 1;

[0030] FIG. 3 illustrates a pixel array of the LCD shown in
FIG. 2;
[0031] FIG. 4A illustrates a pixel array of the LCD accord-

ing to an exemplary embodiment of the present invention;
[0032] FIG. 4B illustrates signals applied to data lines of
the pixel array shown in FIG. 4A being subjected to 2x1
inversion;

[0033] FIG. 4C illustrates signals applied to data lines of
the pixel array shown in FIG. 4A being subjected to column
inversion;

[0034] FIG. 5A illustrates a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention;
[0035] FIG. 5B illustrates signals applied to data lines of
the pixel array shown in FIG. 5A being subjected to column
inversion;

[0036] FIG. 6A illustrates a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention; and
[0037] FIG. 6B illustrates signals applied to data lines of
the pixel array shown in FIG. 6 A being subjected to column
inversion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0038] It will be understood that when an element or layer
is referred to as being “on” another element or layer, it can be
directly on to the other element or layer or intervening ele-
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ments or layers may be present. Like reference numerals refer
to like elements throughout the specification.

[0039] Hereinafter, LCDs according to exemplary embodi-
ments of the present invention will be described with refer-
ence to the accompanying drawings.

[0040] Referring now to FIG. 1, the LCD includes a TFT
display panel 1, a gate driver 4 connected to the TFT display
panel 1, a data driver 5, a gray voltage generator 8 connected
to the data driver 5, and a timing controller 6 for controlling
the drivers.

[0041] The TFT display panel 1 includes a plurality of
display signal lines G,, G,, .. .G,,_;,G,, D, D,,...D,,,D,,
and a plurality of pixels P, connected thereto and substan-
tially in a matrix. Gate lines G,, G, . . . Gn-1, Gn transmit gate
signals while data lines D,, D,, .. . D, ;, D,, transmit data
signals.

[0042] The gate lines G, G,, . . . Gn-1, Gn extend in a
column direction and are substantially parallel to each other,
while the data lines D, D,, ... D,, ;, D,, extend in a row
direction and are substantially parallel to each other. The TFT
panel 1 of the LCD according to embodiments of the present
invention will be described below in more detail.

[0043] The gray voltage generator 8 generates two sets of a
plurality of gray voltages related to the transmittance of the
pixels P,. The gray voltages in one set have a positive polarity
with respect to a common voltage V -, while those in the
other set have a negative polarity with respect to the common
voltage V oas-

[0044] The gate driver 4 is connected to the gate lines G,
G,, . . . Gn-1, Gn of the TFT panel 1 and synthesizes the
gate-on voltage Von and the gate off voltage Voff from an
external device to generate gate signals for application to the
gate lines G|, G,, . . . Gn-1, Gn.

[0045] The data driver 5 is connected to the data lines D,
D,,...D,,,D,, ofthe TFT panel 1 and applies data voltages,
selected from the gray voltages supplied from the gray volt-
age generator 8, to the data lines D;, D,, .. .D,, ;, D,,. The
data driver 5 may include a plurality of ICs.

[0046] The timing controller 6 generates control signals for
controlling the operations of the gate driver 4 and the data
driver 5 and supplies the gate driver 4 and the data driver 5
with the corresponding control signals.

m-1°

m-1°

[0047] Now, the operation of the LCD will be described in
more detail.
[0048] The timing controller 6 is supplied with red, green

and blue image signals R, G, B and input control signals
controlling the display thereof such as a vertical synchroni-
zation signal V., a horizontal synchronization signal H,,,..,
a main clock MCLK, and a data enable signal DE, from an
external graphics controller (not shown). After generating
gate control signals CONT1 and data control signals CONT2
and processing and modifying the three color input image
signals R, G, B into four color image signals R', G', B' suitable
for the operation of the TFT panel 1 on the basis of the input
control signals and the image signals R, G, B, the timing
controller 6 provides the gate control signals CONT1 for the
gate driver 4, and the processed and modified image signals
R', G', B' and the data control signals CONT?2 for the data
driver 5.

[0049] The gate control signals CONT1 include a scanning
start signal STV for instructing to start scanning, at least a
clock signal for controlling the output of the gate-on voltage
Von, a gate clock signal CPV for controlling the output timing
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ofthe gate-on voltage Von, and an output enable signal OE for
defining a pulse width of the gate-on voltage Von.

[0050] The data control signals CONT?2 include a horizon-
tal synchronization start signal STH for informing of start of
a horizontal period, a load signal LOAD for instructing to
apply the data voltages to the data lines D, D,, ...D,, |, D,,,
an inversion control signal RVS for reversing the polarity of
the data voltages (with respect to the common voltage V -,,),
and a data clock signal HCLK.

[0051] The datadriver 5 receives a packet of the image data
R', G', B' for a row of pixels P, from the timing controller 6
and converts the image data R', G', B' into analog data volt-
ages selected from the gray voltages supplied from the gray
voltage generator 8 in response to the data control signals
CONT?2 from the timing controller 6.

[0052] Responsive to the vertical synchronization start sig-
nal STV and the gate clock signal CPV supplied from the
timing controller 6, the gate driver 4 applies the gate-on
voltage Von having a period of Y2 H to the gate lines G|, G,
... Gn-1, Gn to turn on the switching elements Q,, Q, (see
FIG. 2) connected to the gate lines G|, G, . . . Gn-1, Gn. Here,
the gate-on voltage Von may be sequentially applied to the
gate lines G, G,, . . . Gn-1, Gn in a row direction.

[0053] While the gate-on voltage Von is applied to the gate
lines G,, G,, . . . Gn-1, Gn and the switching elements Q,, Q,
connected to the gate lines G, G,, ... Gn-1, Gn are turned on,
the data driver 5 applies the data voltages to the data lines D,
D,,...D,,,D,.

[0054] The data voltages applied to the data lines D,, D,, .
..D,,.1,D,, are applied to the corresponding pixels P, through
the turned-on switching elements Q,, Q,.

[0055] A variation in electric fields generated by pixel elec-
trodes (not shown) in cooperation with a common electrode
(not shown) reorients liquid crystal molecules, and the varia-
tion in the polarized light causes a change in the transmittance
of'light by a polarizer (not shown) attached to a display panel
(not shown).

[0056] In this manner, during a period of one frame, the
gate-on voltage Von is sequentially applied to all the gate lines
Gy, Gy, .. . Gn-1, Gn to apply data voltages to all the pixels.
When the next frame starts after finishing one frame, the
inversion control signal RVS applied to the data driver 5 is
controlled such that the polarity of the data voltages is
reversed (which is called “frame inversion”). The inversion
control signal RVS may be also controlled such that the
polarity of the data voltages flowing in a data line in one frame
are reversed (which is called “line inversion™), or the polarity
of the data voltages in one pixel row are reversed (which is
called “dot inversion”).

[0057] The gate driver 4 in accordance with an exemplary
embodiment of the present invention may be formed of IC
chips at one side or upper and lower sides of the TFT display
panel 1, thereby preventing the TFT display panel 1 from
becoming bulky.

[0058] FIG. 2 is an equivalent circuit diagram of a TFT
display panel 1 of an LCD according to an embodiment of the
present invention, and FIG. 3 illustrates a pixel array of the
LCD shown in FIG. 2. The LCD according to an embodiment
of the present invention will now be described with reference
to FIGS. 1 through 3.

[0059] A pixel array having a plurality of pixels in a matrix
is formed on a substrate.

[0060] In the pixel array, first and second pixels P, P, of
FIG. 3, which are adjacent to each other in a first direction m,
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include first and second switching elements Q,, Q, of FIG. 2,
respectively. A liquid crystal capacitor C,, and a storage
capacitor C, are connected to each of the switching elements
Q;, Q,. If unnecessary, the storage capacitor C,, may be
omitted.

[0061] Theswitchingelements Q,, Q, have three terminals.
A gate terminal is connected to a first common gate line 11. A
source terminal is connected to first or second data lines 21,
22. A drain terminal is connected to the liquid crystal capaci-
tor C,. and the storage capacitor C,,. Here, the first and second
data lines 21, 22 extend in the first direction m.

[0062] The switching elements Q,, Q, are commonly con-
nected to the first common gate line 11 extending in a second
direction n that is different from the first direction m.

[0063] In more detail, the switching elements Q,, Q, are
connected to the gate lines 11, 12 and the data lines 21, 22 as
follows.

[0064] The switching elements Q,, Q, are positioned at left
and right sides of the first common gate line 11 in the first
direction m. The switching element Q, positioned at the left
side of the first common gate line 11 has its source electrode
connected to the first data line 21, and the switching element
Q, positioned at the right side of the first common gate line 11
has its source electrode connected to the second data line 22,
forming a row of pixels. Alternatively, the connection rela-
tionship of the switching elements Q,, Q, with respect to the
gate lines 11, 12 and the data lines 21, 22 may be reversed.
That is to say, the switching element Q, positioned at the left
side of the first common gate line 11 may have its source
electrode connected to the second data line 22, and the
switching element Q, positioned at the right side of the first
common gate line 11 may have its source electrode connected
to the first data line 21, forming a row of pixels.

[0065] Referring to FIG. 3, the first and second data lines
21, 22 may be a pair on each row of the pixel array. Each ofthe
pixels sharing common gate line 11 includes one of the
switching elements Q;, Qs5, Qi3 Qs4 Qss: Q34 Here, the
switching elements Q;;, Q55, Q;5 or the switching elements
Qs5, Qs4, Q4 0of a column of pixels in the pixel array may be
alternately connected to the first data line 21 and the second
data line 22 for each row of the pixel array. In the left pixel
column as viewed relative to the first common gate line 11, the
switching element Q;, of the first row is connected to the first
data line 21. The switching element Q5 of the second row is
connected to the second data line 22. The switching element
Q;5 of the third row is connected to the first data line 21.
Conversely, in the right pixel column as viewed relative to the
first common gate line 11, the switching element Q,, of the
first row is connected to the second data line 22. The switch-
ing element Q,, of the second row is connected to the first
data line 21. The switching element Q4 of the third row is
connected to the second data line 22. Alternatively, as men-
tioned above, the connection relationship of the switching
elements in the pixel array may be reversed.

[0066] Theliquidcrystal capacitor C,.includes a pixel elec-
trode provided on the TFT display panel 1 and a common
electrode provided on a color filter display panel as two
terminals. A liquid crystal layer between the two electrodes
functions as a dielectric of the liquid crystal capacitor C,_. The
pixel electrode is connected to the switching elements Q,, Q,,
and the common electrode is formed on the entire surface of
the TFT display panel 1 and receives the common voltage

VCOM’
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[0067] The storage capacitor C,, includes the pixel elec-
trode and a separate signal line (not shown), which is pro-
vided on the TFT display panel 1, overlaps the pixel electrode
via an insulator, and is supplied with a predetermined voltage
such as the common voltage V ;. Alternatively, the storage
capacitor C,, includes the pixel electrode and an adjacent gate
line called a previous gate line, which overlaps the pixel
electrode via an insulator.

[0068] The substrate for the TFT display panel 1 of FIG. 1
having the pixel array may have long sides and short sides. As
seen in FIG. 1, the long sides are substantially parallel to the
first direction m, and the short sides are substantially parallel
to the second direction n. Accordingly, the data driver 5 may
be at the short sides of the substrate.

[0069] In the pixel array formed by the first and second
pixels P, P,, a length a of each of the first and second pixels
P,, P, in the second direction n is greater than a length b
thereof in the first direction m.

[0070] The pixel array may alternately represent colors of
red (R), green (G) and blue (B) in the first direction m (i.e., in
a row direction) and represent the same color in the second
direction n (i.e., in a column direction).

[0071] FIG. 4A illustrates a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention.
FIG. 4B illustrates that signals applied to data lines of the
pixel array shown in FIG. 4A are subjected to 2x1 inversion.
FIG. 4C illustrates that signals applied to data lines of the
pixel array shown in FIG. 4A are subjected to column inver-
sion. The LCD according to the exemplary embodiment of the
present invention will now be described with reference to
FIGS. 4A through 4C.

[0072] Referringto FIG.4A,apixel array having a plurality
of pixels in a matrix is formed on a substrate. In the pixel
array, first and second pixels P,, P,, adjacent to each other
along a first direction m, include first and second switching
elements Q,;, Q.,,, respectively. In addition, the first common
gate line 11 extends in a second direction n different from the
first direction m, and is commonly connected to the first and
second switching elements Q,;, Q,,. The first and second
data lines 21, 22 extend in the first direction m, and are
connected to the first and second switching elements Q,,,
Q.,, respectively.

[0073] The LCD according to the exemplary embodiment
of'the present invention further includes a third data line 23 on
the substrate. The first through third data lines 21, 22, 23 are
on the substrate at repeated intervals. Here, one single data
line, i.e., the first data line 21, and a pair of data lines, i.e., the
second and third data lines 22, 23, alternate at repeated inter-
vals.

[0074] Inparticular, the first to third data lines 21, 22,23 are
such that six pixels included in the pixel array are in a 2x3
matrix portion A in FIG. 4 A. That is to say, the first and second
datalines 21, 22 are such that the first pixel row is between the
first data line 21 and the second data line 22, and the second
and third data lines 22, 23 are opposed to and substantially
parallel to each other. In addition, the third and first data lines
23, 21 are such that the second pixel row is between the third
data line 23 and the first data line 21. In the portion A, pixels
P,, P,, P; belong to the first pixel row and pixels P,, Ps, P,
belong to the second pixel row.

[0075] The LCD according to the exemplary embodiment
of the present invention further includes a second common
gate line 12. The first and second common gate lines 11, 12
are on the substrate at repeated intervals. Here, the second
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common gate line 12 is adjacent to and substantially parallel
to the first common gate line 11, and the second pixel P, is
positioned between the first and second common gate lines
11, 12.

[0076] By the arrangement of the first through third data
lines 21,22, 23 and the first and second common gate lines 11,
12, six pixels P, P,, P5, P, P5, Py in the portion A in FIG. 4A
are in a 2x3 matrix. The connection relationships among the
first through third data lines 21, 22, 23, the first and second
common gate lines 11, 12, and the switching elements Q,,
Q.2 Quzs Quas Qus, Qg respectively included in the six pixels
Py, P,, Ps, P, Py, Py is described below in more detail. In the
first pixel row, the first and second pixels P, P,, and the third
pixel P; which includes the third switching element Q,,5, are
along the first direction m. In the second pixel row, the fourth
to sixth pixels P, Ps, P, respectively including the fourth to
sixth switching elements Q,,, Q,s, Q46, are along the first
direction m.

[0077] Here, the third switching element Q,; is connected
to the second common gate line 12 and the second data line
22. The fourth switching element Q,,, is connected to the first
common gate line 11 and the third data line 23. The fifth
switching element Q5 is connected to the second common
gate line 12 and the third data line 23. The sixth switching
element Q) is connected to the second common gate line 12
and the first data line 21.

[0078] Accordingly, the pixel array of the LCD according
to the exemplary embodiment of the present invention has an
overall 2x3 matrix occurring at repeated intervals.

[0079] Referring to FIG. 4B, a first signal is consecutively
applied twice to the first through third data lines 21, 22, 23,
respectively, and then a second signal is consecutively
applied twice thereto. Here, the first and second signals are
inversion control signals RVS that inverse the polarity of a
data voltage. That is to say, the first signal may be a positive
(+) data voltage, and the second signal may be a negative (-)
data voltage, or vice versa.

[0080] Forexample, assuming that the first signal is a nega-
tive (-) data voltage, and the second signal is a positive (+)
data voltage, the first signal, i.e., a negative (-) data voltage,
is consecutively applied twice to the third data line 23 posi-
tioned at the upper portion of FIG. 4B. Then, the second
signal, i.e., a positive (+) data voltage, is consecutively
applied twice to the third data line 23. That is, the twice
applied first signal, i.e., the negative (=) data voltage, is
applied, for example, to the two switching elements Q.,, Qg
connected to the third data line 23. Accordingly, the pixels
having the two switching elements Q,-, Q, have negative (-)
polarities. Then, the twice applied second signal, i.e., the
positive (+) data voltage is applied to the two switching ele-
ments Q,o, Q5o Which are also connected to the third data line
23. Accordingly, pixels including the two switching elements
Q.o, Qs have positive (+) polarities.

[0081] A first signal and a second signal having opposite
polarities of those applied to the third data line 23 are applied
to the first data line 21 adjacent to the upper third data line 23.
That is to say, the first signal, i.e., the positive (+) data voltage,
is consecutively applied to the first data line 21 twice. Next,
the second signal, i.e., the negative (-) data voltage, is con-
secutively applied to the first data line 21 twice.

[0082] Similarly, the first signal and the second signal hav-
ing opposite polarities of those applied to the first data line 21
are applied to the second data line 22 adjacent to the first data
line 21.
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[0083] Polar staining which may appear on a particular
pixel array can be prevented by performing 2x1 inversion on
the data signals and the pixel array having the 2x3 matrix
occurring at repeated intervals. In addition, one single data
line, i.e., the first data line 21, and a pair of data lines, i.e., the
second and third data lines 22, 23, are alternately in a row,
thereby preventing horizontal stripes from being visible on
the LCD.

[0084] Referringto FIG.4C, the first and second signals are
alternately applied to the respective first through third data
lines 21, 22, 23. That is to say, when the first signal is applied
to the first data line 21, the second signal is applied to the
second data line 22 and the first signal is again applied to the
data line 23. Accordingly, the signals applied to the respective
first through third data lines 21, 22, 23 are subjected to col-
umn inversion. Here, the first signal and the second signal are
substantially the same as described above.

[0085] Forexample, when the first signal, i.e., a positive (+)
data voltage, is applied to the third data line 23 positioned at
an upper portion of FIG. 4C, the second signal, i.e., a negative
() data voltage, is applied to the first data line 21 adjacent to
the third data line 23. In addition, the first signal, i.e., the
positive (+) data voltage, is again applied to the second data
line 22 adjacent to the first data line 21, and vice versa.

[0086] FIG. 5A illustrates a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention, and
FIG. 5B illustrates that signals applied to data lines of the
pixel array shown in FIG. 5A are subjected to column inver-
sion.

[0087] The LCD according to the exemplary embodiment
of the present invention will now be described with reference
to FIGS. 5A and 5B.

[0088] Referringto FIG.5A, a pixel array having a plurality
of pixels in a matrix is foamed on a substrate. In the pixel
array, first and second pixels P,, P,, adjacent to each other
along a first direction m, include first and second switching
elements Qs,;, Qsq,, respectively. In addition, the first com-
mon gate line 11 extends in a second direction n different
from the first direction m, and is commonly connected to the
first and second switching elements Qsq,, Qso,. The first and
second data lines 21, 22 extend in the first direction m, and are
connected to the first and second switching elements Qs,;,
Qs0., respectively.

[0089] The LCD according to the exemplary embodiment
of'the present invention further includes a third data line 23 on
the substrate. The first through third data lines 21, 22, 23 are
on the substrate at repeated intervals. Here, one single data
line, i.e., the first data line 21, and a pair of data lines, i.e., the
second and third data lines 22, 23, alternate at repeated inter-
vals.

[0090] Inparticular, the first through third data lines 21, 22,
23 are such that 12 pixels in a portion B in FIG. 5B belonging
to the pixel array are in a 2x6 matrix at repeated intervals.
[0091] That is to say, the second data line and the first data
line 22, 21 are in the first pixel row positioned between the
second data line 22 and the first data line 21. The first data line
21 and the third data line 23 are in the second pixel row
positioned between the first data line 21 and the third data line
23. The third data line 23 and the second data line 22 are
opposed to each other. Here, pixels P, P,, P5, P,, P5 Pg
belong to the first pixel row of the portion B in FIG. 5A. Pixels
P, Pg, Py, Py, P11, Py, belong to the second pixel row of the
portion B.
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[0092] The LCD according to the exemplary embodiment
of the present invention further includes a second common
gate line 12. The first and second common gate lines 11, 12
are substantially the same as those according to the exemplary
embodiment of FIG. 4A, and a repeated explanation thereof
will not be given.

[0093] By the arrangement of the first through third data
lines 21,22, 23 and the first and second common gate lines 11,
12, 12 pixels P, P,, P;, P,, P, P, P, Po, Py, Py, Py, Py in
the portion B in FIG. 5A are in a 2x6 matrix. The connection
relationships among the first through third data lines 21, 22,
23, the first and second common gate lines 11, 12, and the

switching elements Qs Qs02, Qs03: Q5045 Qsoss Qsoss Qso7s
Q5085 Qs00s Qs105 Qs115 Qsy2 respectively included in the 12
pixels P, P,, P;, P,, Ps, P, P, Pg, Py, Pig, Py, Ppo, is
described below in more detail.

[0094] In the first pixel row, first and second pixels P, P,
and third to sixth pixels P, P,, Ps, Py, respectively including
third to sixth switching elements Qsq3, Q504 Q503 Qso6, are
along the first direction m. In the second pixel row, seventh to
twelfth pixels P, Py, Py, P, P, ,, P, ,, respectively including
seventh to twelfth elements Qsq;, Qsoss Qsoos Qsi0o Qsi1s
Qs are along the first direction m.

[0095] Here, the third switching element Qs is connected
to the second common gate line 12 and the second data line
22.The fourth switching element Q,, is connected to the first
common gate line 11 and the second data line 22. The fifth
switching element Q5 is connected to the second common
gate line 12 and the second data line 22. The sixth switching
element Qs is connected to the second common gate line 12
and the first data line 21. The seventh switching element Qs
is connected to the first common gate line 11 and the third data
line 23. The eighth switching element Q. is connected to the
second common gate line 12 and the third data line 23. The
ninth switching element Qs is connected to the second com-
mon gate line 12 and the first data line 21. The tenth switching
element Qs is connected to the first common gate line 11
and the first data line 21. The eleventh switching element Qs ,
is connected to the first common gate line 11 and the third data
line 23. The twelfth switching element Qs , is connected to
the second common gate line 12 and the third data line 23.
[0096] Accordingly, the pixel array of the LCD according
to the exemplary embodiment of the present invention has the
overall 2x6 matrix occurring at repeated intervals.

[0097] Referring to FIG. 5B, a first signal and a second
signal are alternately applied to the first to third data lines 21,
22, 23, respectively, which is substantially the same as
described for the exemplary embodiment of FIG. 4A and a
repeated explanation thereof will not be given.

[0098] FIG. 6A illustrates a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention, and
FIG. 6B illustrates that signals applied to data lines of the
pixel array shown in FIG. 6 A are subjected to column inver-
sion.

[0099] AnLCD according to the exemplary embodiment of
the present invention will be described with reference to
FIGS. 6A and 6B. Aspects which are same as those described
for the previous embodiments will not be repeated. The fol-
lowing description will focus on differences between the
exemplary embodiment of FIG. 6A and the exemplary
embodiment of FIG. 5A. Referring to FIG. 6A, the first to
third data lines 21, 22, 23 are such that 12 pixels included in
the pixel array are in a 2x6 matrix C in FIG. 6 A and the first
and second data lines 21, 22 are such that the first pixel row is

Jun. 24, 2010

between the first data line 21 and the second data line 22. In
addition, the second and third data lines 22, 23 are such that
the second pixel row is between the second data line 22 and
the third data line 23. The third and first data lines 23, 21 are
opposed to and substantially parallel to each other.
[0100] In addition, the LCD according to the exemplary
embodiment of FIG. 6A further includes a second common
gate line 12, which is substantially the same as described for
the exemplary embodiment of FIG. 4A and a repeated expla-
nation thereof will not be given.
[0101] By the arrangement of the first through third data
lines 21,22, 23 and the first and second common gate lines 11,
12, 12 pixels P, P,, P5, P, Ps, Pg, P, Pg, Po, Py, P4, Py in
the portion C in FIG. 6A are in a 2x6 matrix. The connection
relationships among the first through third data lines 21, 22,
23, the first and second common gate lines 11, 12, and switch-
ing elements Qgo1, Qe02: Qe03: Qeoas Qsos: Qeoss Qeo7: Qsos
Qs09s Qs10s Qs11> Qs12, respectively included in the 12 pixels
35 Puy Ps, Py, P, Py, Py, Py, Py, Pys, is described
below in more detail.
[0102] In the first pixel row, first and second pixels P, P,
and third to sixth pixels P;, P, Ps, P, respectively including
third to sixth switching elements Qgo3, Qgo4s Qs0s> Qoo are
along the first direction m. In the second pixel row, seventh to
twelfth pixels P,, P, Py, P, P, 4, P} 5, respectively including
seventh to twelfth elements Qgp,, Qgoss Qooss Qo100 Qo115
Qg1,, are along the first direction m.
[0103] Here, the third switching element Q5 is connected
to the second common gate line 12 and the first data line 21.
The fourth switching element Q. is connected to the first
common gate line 11 and the first data line 21. The fifth
switching element Qg5 is connected to the second common
gate line 12 and the first data line 21. The sixth switching
element Q¢ is connected to the second common gate line 12
and the second data line 22. The seventh switching element
Qso7 is connected to the first common gate line 11 and the
third data line 23. The eighth switching element Qg is con-
nected to the second common gate line 12 and the second data
line 22. The ninth switching element Qg is connected to the
second common gate line 12 and the third data line 23. The
tenth switching element Qg is connected to the first com-
mon gate line 11 and the second data line 22. The eleventh
switching element Qg , is connected to the first common gate
line 11 and the third data line 23. The twelfth switching
element Qg , is connected to the second common gate line 12
and the third data line 23.
[0104] Accordingly, the pixel array of the LCD according
to the exemplary embodiment of FIG. 6A has an overall 2x6
matrix occurring at repeated intervals.
[0105] Referring to FIG. 6B, a first signal and a second
signal are alternately applied to the first to third data lines 21,
22, 23, respectively, which is substantially the same as
described for the exemplary embodiment of FIG. 4A and a
repeated explanation thereof will not be given.
[0106] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.
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What is claimed is:

1. A liquid crystal display comprising:

a pixel array having a plurality of pixels in a matrix on a
substrate, the matrix having at least a first pixel row and
a second pixel row adjacent the first pixel row, both the
first pixel row and the second pixel row extending in a
first direction, a first pixel and a second pixel of the first
pixel row being adjacent to each other along the first
direction, the first pixel and the second pixel respectively
including a first switching element and a second switch-
ing element;

a first common gate line that extends in a second direction
different from the first direction and is commonly con-
nected to the first switching element and to the second
switching element; and

afirst data line and a second data line that extend in the first
direction and are connected to the first switching ele-
ment and to the second switching element, respectively.

2. The liquid crystal display of claim 1, wherein the sub-
strate has a long side and a short side, the long side being
substantially parallel to the first direction, and the short side
being substantially parallel to the second direction.

3. The liquid crystal display of claim 2, wherein a length of
the first pixel in the second direction is greater than a length of
the first pixel in the first direction.

4. The liquid crystal display of claim 1, wherein the pixel
array alternately displays colors of red, green and blue in the
first direction and displays the same color in the second direc-
tion.

5. The liquid crystal display of claim 1, wherein a pair of a
first data line and a second data line are in each row of the
pixel array.

6. The liquid crystal display of claim 5, wherein each of the
pixels includes a switching element, respectively, and switch-
ing elements of a column of pixels in the pixel array are
alternately connected to a first data line of a row and to a
second data line in an adjacent row.

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

a third data line is further provided on the substrate,

the first data line, the second data line and the third data line
are on the substrate at repeated intervals,

the second data line and the third data line are opposed to
and substantially parallel to each other,

the first pixel row is between the first data line and the
second data line, and

the second pixel row is between the third data line and the
first data line.

8. The liquid crystal display of claim 7, wherein:

a second common gate line is further provided on the
substrate,

the first common gate line and second common gate line
are on the substrate at repeated intervals,

the second common gate line is adjacent to and substan-
tially parallel to the first common gate line, and

the second pixel is between the first common gate line and
the second common gate line.

9. The liquid crystal display of claim 8, wherein:

the pixel array includes six pixels in a 2x3 matrix, the six
pixels including the first pixel, the second pixel, a third
pixel, a fourth pixel, a fifth pixel and a sixth pixel,

the first pixel, the second pixel, and the third pixel having a
third switching element, are in the first pixel row,
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the fourth pixel, the fifth pixel and the sixth pixel, respec-
tively including a fourth switching element, a fifth
switching element and a sixth switching element, are in
the second pixel row,

the third switching element is connected to the second

common gate line and to the second data line,

the fourth switching element is connected to the first com-

mon gate line and to the third data line,

the fifth switching element is connected to the second

common gate line and to the third data line, and

the sixth switching element is connected to the second

common gate line and to the first data line.

10. The liquid crystal display of claim 9, wherein:

to the first data line, a first signal is consecutively applied

twice followed by a second signal consecutively applied
twice, at repeated intervals,

to the second data line, the second signal is consecutively

applied twice followed by the first signal consecutively
applied twice, at repeated intervals, and

to the third data line, the first signal is consecutively

applied twice followed by the second signal consecu-
tively applied twice, at repeated intervals.

11. The liquid crystal display of claim 9, wherein the first
signal and the second signal are alternately applied to adja-
cent data lines.

12. The liquid crystal display of claim 1, wherein:

a third data line is further provided on the substrate,

the first data line, the second data line and the third data line

are on the substrate at repeated intervals,

the third data line and the second data line are opposed to

and substantially parallel to each other,

the first pixel row is between the second data line and the

first data line, and the second pixel row is between the
first data line and the third data line.

13. The liquid crystal display of claim 12, wherein:

a second common gate line is further provided on the

substrate,

the first common gate line and the second common gate

line are on the substrate at repeated intervals,

the second common gate line is adjacent to and substan-

tially parallel to the first common gate line, and

the second pixel is between the first common gate line and

the second common gate lines.

14. The liquid crystal display of claim 13, wherein:

the pixel array includes 12 pixels in a 2x6 matrix,

the first pixel row includes the first pixel, the second pixel,

athird pixel, a fourth pixel, a fifth pixel and a sixth pixel,
respectively including the first switching element, the
second switching element, a third switching element, a
fourth switching element, and a sixth switching element,
along the first direction,

the second pixel row includes a seventh pixel, an eighth

pixel, a ninth pixel, a tenth pixel, an eleventh pixel and a
twelfth pixel, respectively including a seventh switching
element, an eighth switching element, a ninth switching
element, a tenth switching element an eleventh switch-
ing element and a twelfth switching element, along the
first direction,

the third switching element is connected to the second

common gate line and to the second data line,

the fourth switching element is connected to a second first

common gate line and to the second data line,
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the fifth switching element is connected to a second second

common gate line and to the second data line,

the sixth switching element is connected to the second

second common gate line and to the first data line,

the seventh switching element is connected to the first

common gate line and to the third data line,

the eighth switching element is connected to the second

common gate line and to the third data line,

the ninth switching element is connected to the second

common gate line and to the first data line,

the tenth switching element is connected to the second first

common gate line and to the first data line,

the eleventh switching element is connected to the second

first common gate line and to the third data line, and
the twelfth switching element is connected to the second
second common gate line and to the third data line.

15. The liquid crystal display of claim 14, wherein the first
signal and the second signal are alternately applied to adja-
cent data lines.

16. The liquid crystal display of claim 1, wherein:

a third data line is further provided on the substrate,

the first data line, the second data line and the third data line

are on the substrate at repeated intervals,

the third data line and the first data line are opposed to and

substantially parallel to each other,

the first pixel row is between the first data line and the

second data line, and

the second pixel row is between the second data line and the

third data line.

17. The liquid crystal display of claim 16, wherein:

a second common gate line is further provided on the

substrate,

the first common gate line and the second common gate

line are on the substrate at repeated intervals,

the second common gate line is adjacent to and substan-

tially parallel to the first common gate line, and

the second pixel is between the first common gate line and

the second common gate line.
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18. The liquid crystal display of claim 17, wherein:

the pixel array includes 12 pixels in a 2x6 matrix,

the first pixel row includes the first pixel, the second pixel,
a third pixel, a fourth pixel, a fifth pixel and a sixth pixel,
respectively including the first switching element, the
second switching element, a third switching element, a
fourth switching element, a fifth switching element and
a sixth switching element, along the first direction,

the second pixel row includes a seventh pixel, an eighth
pixel, a ninth pixel, a tenth pixel, an eleventh pixel and a
twelfth pixel, respectively including a seventh switching
element, an eighth switching element, a ninth switching
element, a tenth switching element, an eleventh switch-
ing element and a twelfth switching element, along the
first direction,

the third switching element is connected to the second
common gate line and to the first data line,

the fourth switching element is connected to a second first
common gate line and to the first data line,

the fifth switching element is connected to a second second
common gate line and to the first data line,

the sixth switching element is connected to the second
second common gate line and to the second data line,

the seventh switching element is connected to the first
common gate line and to the third data line,

the eighth switching element is connected to the second
common gate line and to the second data line,

the ninth switching element is connected to the second
common gate line and to the third data line,

the tenth switching element is connected to the second first
common gate line and to the second data line,

the eleventh switching element is connected to the second
first common gate line and to the third data line, and

the twelfth switching element is connected to the second
second common gate line and to the third data line.

19. The liquid crystal display of claim 18, wherein the first

signal and the second signal are alternately applied to adja-
cent data lines.
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