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(57) ABSTRACT

An array substrate includes a plurality of gate lines, a plurality
of data lines, a plurality of thin-film transistors, a plurality of
pixel electrodes, a plurality of common voltage lines and a
plurality of common electrodes. The gate lines extend in a
first direction. The data lines extend in a second direction
substantially perpendicular to the first direction. The thin-film
transistor is electrically connected to the gate line and the data
line. The pixel electrode is formed in each of pixels defined by
the gate lines and the data lines. The common electrode is
electrically connected to the common voltage line. The hori-
zontal alignment of the liquid crystal molecules is not
changed by externally applied vertical touch pressure so that
display quality is improved.
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DISTORTION RESISTANT
TOUCH-SENSITIVE DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/744,696 filed May 4, 2007 which relies for
priority upon Korean Patent Application No. 2006-69444
filed in the Korean Intellectual Property Office on Jul. 25,
2006, the contents of which are incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display panel hav-
ing a touch-sensitive display and, more particularly, to a dis-
play panel that is resistant to image distortion when touched.
[0004] 2. Description of the Related Art

[0005] A flat panel display apparatus such as a liquid crys-
tal display (LCD) having a touch-sensitive screen receives an
input signal when touched by an external pen. Generally, an
LCD apparatus displays an image using the optical and elec-
trical properties of liquid crystal and displays an image using
incident light and/or light from a backlight assembly. AN
LCD panel includes an array substrate, a color filter substrate
and a liquid crystal layer interposed between the array sub-
strate and the color filter substrate. The array substrate has a
thin-film transistor. When pressure is applied to the LCD
apparatus by an external pen, the alignment of the liquid
crystal molecules in the liquid crystal layer of the LCD appa-
ratus is changed and the image displayed by the LCD appa-
ratus may be locally distorted.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the present invention, an
array substrate includes a plurality of gate lines, a plurality of
data lines, a plurality of thin-film transistors, a plurality of
pixel electrodes, a plurality of common voltage lines and a
plurality of common electrodes. The gate lines extend in a
first direction and the data lines extend in a second direction
substantially perpendicular to the first direction. A thin-film
transistor is electrically connected to the gate line and the data
line. The pixel electrode is formed in each pixel defined by the
intersecting directions of the gate lines and the data lines and
is electrically connected to the thin-film transistors. A com-
mon voltage line extends in the second direction substantially
parallel to the data line. The common electrode is formed in
each of the pixels, is electrically insulated from the pixel
electrode, and is electrically connected to the common volt-
age line. For example, the pixel electrode and the common
electrode may include a transparent conductive material.

[0007] The pixel electrode may include a first main pixel
electrode, a second main pixel electrode and a plurality of sub
pixel electrodes. The first main pixel electrode extends in the
first direction, and is adjacent to one of the gate lines. The
second main pixel electrode also extends in the first direction,
is spaced apart from the first main pixel electrode by a pre-
determined distance, and is located adjacent to one of the gate
lines. The sub pixel electrodes are disposed between the first
and second main pixel electrodes to connect the first and
second main pixel electrodes, and are arranged in the first
direction. The common electrode may be disposed under the
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pixel electrode, and an insulation layer may be formed
between the common electrode and the pixel electrode.
[0008] Alternatively, the pixel electrode may include a
main pixel electrode and a plurality of sub pixel electrodes.
The main pixel electrode extends in the first direction, and is
adjacent to one of the gate lines. The sub pixel electrodes
protrude from the main pixel electrode toward a consecutive
one of the gate lines, and are arranged in the first direction.
The common electrode may include a main common elec-
trode and a plurality of sub common electrodes. The main
commor electrode extends in the first direction, and is adja-
cent to a consecutive one of the gate lines. The sub common
electrodes protrude from the main common electrode toward
the main pixel electrode, and are arranged in the first direc-
tion.

[0009] In another aspect of the present invention, a display
panel includes an array substrate, an opposite substrate facing
the array substrate and a liquid crystal layer being interposed
between the array substrate and the opposite substrate and
having liquid crystal molecules.

[0010] Thearray substrate includes a plurality of gate lines,
a plurality of data lines, a plurality of thin-film transistors, a
plurality of pixel electrodes, a plurality of common voltage
lines and a plurality of common electrodes. The gate lines
extend in a first direction. The data lines extend in a second
direction substantially perpendicular to the first direction.
The thin-film transistor is electrically connected to the gate
line and the data line. The pixel electrode is formed in each
pixel defined by the gate lines and the data lines, and is
electrically connected to each of the thin-film transistors. The
common voltage line extends in the second direction being
substantially parallel with the data line. The common elec-
trode is formed in each of the pixels, and is electrically insu-
lated from the pixel electrode, and is electrically connected to
the common voltage line.

[0011] For example, the liquid crystal molecules of the
liquid crystal layer may be aligned substantially parallel with
a surface of the array substrate, and may be rotated by an
electric field formed by the pixel electrode and the common
electrode by a predetermined angle with being substantially
parallel with the surface of the array substrate.

[0012] According to the above, the liquid crystal molecules
are substantially parallel with the surface of the array sub-
strate. Thus, an alignment of the liquid crystal molecules may
not be changed by an external pressure for a touch screen
function. Therefore, a display quality may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings, in which:

[0014] FIG. 1 is a perspective view illustrating a display
panel according to an exemplary embodiment of the present
invention;

[0015] FIG. 2 is a schematic plan view illustrating an array
substrate of the display panel illustrated in FIG. 1;

[0016] FIG. 3is an enlarged plan view illustrating a portion
of FIG. 2;

[0017] FIG. 4 is an enlarged plan view illustrating a region
‘A’ of FIG. 3;

[0018] FIG.5isacross-sectional view taken along aline I-I'
of FIG. 4,
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[0019] FIG. 6 is an enlarged plan view illustrating a region
‘B’ of FIG. 3;

[0020] FIG. 7 is a cross-sectional view taken along a line
II-I' of FIG. 6;

[0021] FIG. 8 is an enlarged plan view illustrating a region
‘C’ of FIG. 3;

[0022] FIG. 9 is a cross-sectional view taken along a line

II-1IT of FIG. 8,

[0023] FIG. 10 is a plan view illustrating a portion of an
array substrate of a display panel according to another exem-
plary embodiment of the present invention;

[0024] FIG.11is anenlarged plan view illustrating a region
‘D’ of FIG. 10;

[0025] FIG.12is an enlarged plan view illustrating a region
‘E’ of FIG. 10;

[0026] FIG.13isanenlarged plan view illustrating a region
‘P’ of FIG. 10; and

[0027] FIG. 14 is a cross-sectional view taken along a line
IV-IV' of FIG. 13.

DESCRIPTION OF THE EMBODIMENTS

[0028] In the drawings, the size and relative sizes of layers
and regions may be exaggerated for clarity. It will be under-
stood that when an element or layer is referred to as being
“on,” “connected to” or “coupled to” another element or
layer, it can be directly on, connected or coupled to the other
element or layer or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on,” “directly connected to” or “directly coupled to”
another element or layer, there are no intervening elements or
layers present.

[0029] FIG. 1 is a perspective view illustrating a display
panel according to an exemplary embodiment of the present
invention.

[0030] Referring to FIG. 1, a display panel 400 includes an
array substrate 100, an opposite substrate 200 and a liquid
crystal layer 300 to display an image using light.

[0031] Array substrate 100 includes a plurality of pixel
electrodes arranged in a matrix configuration, a plurality of
thin-film transistors to apply a driving voltage to the pixel
electrodes and a plurality of signal lines to drive the thin-film
transistors. Array substrate 100 further includes a common
electrode to which a common voltage is applied.

[0032] The opposite substrate 200 faces array substrate
100. The opposite substrate 200 may include a plurality of
color filters facing the pixel electrodes. Examples of color
filters may include a red color filter, a green color filter, a blue
color filter, etc.

[0033] The liquid crystal layer 300 is interposed between
array substrate 100 and the opposite substrate 200. The liquid
crystal is reoriented by the varying electric field applied
between the pixel electrode and the common electrode. The
reoriented crystals control the transmittance of light passing
through the color filters to display the image.

[0034] FIG. 2is a schematic plan view illustrating an array
substrate of the display panel illustrated in FIG. 1.

[0035] Referring to FIG. 2, array substrate 100 includes a
gate line GL, a data line DL, a thin-film transistor TFT and a
pixel electrode 150.

[0036] A plurality of gate lines GL is arranged in a first
direction. A plurality of data lines DL is arranged in a second
direction substantially perpendicular to the first direction. For
example, array substrate 100 may include nine gate lines
GL1,GL2,...,GL9and sevendatalines DL1,DL2,...,DL7
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asillustrated in FIG. 2. Eachof gate lines GL.1, GL2, ..., GL9
is electrically connected to a gate driver (not shown), and is
provided with a gate signal. Each of data lines DL1, DL2, . .
., DL7 is electrically connected to a data driver (not shown),
and is provided with a data signal.

[0037] The gate driver includes a first gate driver electri-
cally connected to a first end of each odd-numbered gate lines
GL1, GL3, ..., GL9 and a second gate driver electrically
connected to a second end of each even-numbered gate lines
GL2, GL4, . . ., GL8, which is opposite to the first end.
Alternatively, the gate driver may be electrically connected to
an end of each of gate lines GL1, GL2, . . ., GL9.

[0038] GatelinesGL1,GL2,...,GL9 crossdatalines DL1,
DL2,...,DL7in a substantially perpendicular direction so
that a plurality of pixels is defined on array substrate 100. A
pixel electrode 150 is formed in each of the pixels. Thus, a
plurality of pixel electrodes 150 is arranged in a matrix con-
figuration on array substrate 100.

[0039] Each of the pixels may have a rectangular shape.
Thus, pixel electrode 150 formed in each of the pixels may
have a shape substantially the same as the shape of each of the
pixels.

[0040] A thin-film transistor TFT is formed in each of the
pixels to correspond to each of the pixel electrodes 150.
Thin-film transistor TFT is electrically connected to gate line
GL, dataline DL and pixel electrode 150. Thin-film transistor
TFTis switched by the gate signal on gate line GL to apply the
data signal on data line DL to pixel electrode 150. The thin-
film transistors TFT electrically connected to one of the data
lines DL may be alternatively located adjacent to a first side of
data line DL and a second side of data line DL, which is
opposite to the first side, when viewed in plan view. Particu-
larly, each of gate lines GL1, GL2, ..., GL9 is electrically
connected to the adjacent thin-film transistors TFT arranged
in a row.

[0041] The thin-film transistors TFT connected to the first
data line DL1 are connected to the odd-numbered gate lines
GL1,GL3,...,GL9. The thin-film transistors TFT connected
to the seventh data line DL7 are connected to the even-num-
bered gate lines GL2, GL4 . . . , and GL8. The thin-film
transistors TFT adjacent to a first side of the remaining data
lines DL2, DL3, DL4, DL5 and DL6, are connected to the
odd-numbered gate lines GL1, GL3, GL9. The thin-film tran-
sistors TFT adjacent to the second side of the remaining data
lines DL2, DL3, DL4, DL5 and DL6, are connected to the
even-numbered gate lines GL.2, GL4, GLS.

[0042] Forexample, each of the data lines DL1, DL2, DL7
may be provided with a data signal for a vertical inversion.
For example, when the first data line DL1 is provided with a
data signal having a positive voltage in one frame, an adjacent
data line, the second data line DL2 is provided with a data
signal having a negative voltage in the frame. In contrast, the
first data line DL1 is provided with a data signal having a
negative voltage in a next frame, and the second data line DI.2
is provided with a data signal having a positive voltage in the
next frame. Thus, the pixel electrodes 150 may be driven in a
dot inversion method.

[0043] FIG. 3is an enlarged plan view illustrating a portion
of FIG. 2. F1G. 4 is an enlarged plan view illustrating a region
‘A’ of FIG. 3. FIG. 5 is a cross-sectional view taken along a
line of I-I' of FIG. 4. FIG. 6 is an enlarged plan view illustrat-
ing a region ‘B’ of FIG. 3. FIG. 7 is a cross-sectional view
taken along a line II-IF of FIG. 6. F1G. 8 is an enlarged plan
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view illustrating a region ‘C’ of FIG. 3. FIG. 9 is a cross-
sectional view taken along a line III-I1I' of FIG. 8.

[0044] Referring to FIGS. 1,3,4,5,6,7,8and 9, a display
panel 400 includes an array substrate 100, an opposite sub-
strate 200 and a liquid crystal layer 300.

[0045] Array substrate 100 includes a first transparent sub-
strate 110, a gate line GL, a common electrode CE, a hori-
zontal connection electrode HE, a first insulation layer 120, a
data line DL, a thin-film transistor TFT, a common voltage
line 130, a second insulation layer 140, a pixel electrode 150
and a vertical connection electrode 135.

[0046] First transparent substrate 110 has a plate-shape,
and includes a transparent material such as glass, quartz,
transparent synthetic resin, etc.

[0047] Referring to FIG. 3, gate line GL extends a first
direction on first transparent substrate 110, and a plurality of
data lines DL is arranged in a second direction substantially
perpendicular to the first direction.

[0048] A first insulation layer 120 is formed on first trans-
parent substrate 110 to cover gate line GL. Examples of a
material that may be used for the first insulation layer 120
may include silicon nitride (SiNx), silicon oxide (S10x), etc.
[0049] Referring to FIG. 3, data line DL is formed on the
first insulation layer 120, and extends in the second direction
to cross gate line GL. A plurality of the data lines DL is
arranged in the second direction. Data line DL may have a
linear shape in the second direction. Alternatively, data line
DL may have a bending portion, for example, a zigzag-shape.
The datalines DL cross the gate lines GL so that a plurality of
pixels is defined.

[0050] Common electrode CE is formed in each of the
pixels on first transparent substrate 110, and is covered by first
insulation layer 120. Common electrode CE may have a rect-
angular shape, and may include a transparent conductive
material,

[0051] Thehorizontal connection electrode HE is disposed
between adjacent common electrodes CE to electrically con-
nect the common electrodes CE to each other. The horizontal
connection electrode HE is formed from a layer substantially
the same as the common electrode CE. Particularly, the hori-
zontal connection electrode HE is formed on first transparent
substrate 110, and is covered by the first insulation layer 120.
The horizontal connection electrode HE may include a trans-
parent conductive material.

[0052] Referring to FIGS. 3, 4 and 5, thin-film transistor
TFT is formed in each of the pixels, and is electrically con-
nected to gate line GL, data line DL and pixel electrode 150.
[0053] Particularly, thin-film transistor TFT includes a gate
electrode G, an active layer A, a source electrode S, a drain
electrode D and an ohmic contact layer O.

[0054] Gate electrode G protrudes from gate line GL by a
predetermined length. For example, gate electrode G may
protrude from gate line GL in a direction substantially parallel
with data line DL.

[0055] The active layer A is formed on the first insulation
layer 120, and is overlapped with gate electrode G. For
example, the active layer A may have a rectangular shape, and
may include amorphous silicon (a-Si).

[0056] Source electrode S protrudes from data line DL by a
predetermined length, and is overlapped with a portion of the
active layer A. For example, source electrode S may protrude
from data line DL in a direction substantially parallel with
gate line GL.
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[0057] Drain electrode D is spaced apart from source elec-
trode S by a predetermined distance, and is formed from a
layer substantially the same as source electrode S. Drain
electrode D is overlapped with a portion of the active layer A.
Furthermore, drain electrode D is overlapped with a portion
of pixel electrode 150 to be electrically connected to pixel
electrode 150.

[0058] Ohmic contact layer O is formed between source
electrode S and the active layer A and between drain electrode
D and the active layer A. Ohmic contact layer O may include
amorphous silicon (a-Si), into which n* impurities are
implanted at a high concentration.

[0059] The second insulation layer 140 is formed on the
first insulation layer 120 to cover thin-film transistor TFT and
data line DL. Examples of a material that may be used for the
second insulation layer 140 may include silicon nitride
(SiNx), silicon oxide (SiOx), etc.

[0060] Referring to FIGS. 3, 6 and 7, the common voltage
line 130 extends in the second direction to cross the pixel. A
plurality of the common voltage lines 130 is arranged in the
first direction. Particularly, the common voltage line 130 may
cross a central portion of the pixel. The common voltage line
130 is formed from a layer substantially the same as data line
DL. Particularly, the common voltage line 130 is formed on
the first insulation layer 130 and is covered by the second
insulation layer 140. The common voltage line 130 has a
common voltage connection portion 132 to electrically con-
nect the common voltage line 130 and the common electrode
CE. For example, an opening may be formed through a cen-
tral portion of the common voltage connection portion 132,
and the common voltage connection portion 132 may be
substantially symmetric with respect to a central line of the
pixel, which is substantially parallel with the second direc-
tion.

[0061] Vertical connection electrode 135 is formed on the
second insulation layer 140 to electrically connect the com-
mon voltage line 130 and the common electrode CE.

[0062] Particularly, a portion of each of the first and second
insulation layers 120 and 140 is removed to form a first
common contact hole CH1. The first common contact hole
CHI1 may be formed in the opening of the common voltage
connection portion 132. Furthermore, a portion of the second
insulation layer 140, which is overlapped with the common
voltage connection portion 132, is removed to form a second
common contact hole CH2.

[0063] Vertical connection electrode 135 is formed on the
second insulation layer 140, and is electrically connected to
the common electrode CE through the first common contact
hole CH1, and is electrically connected to the common volt-
age connection portion 132 through the second common con-
tact hole CH2. Thus, vertical connection electrode 135 elec-
trically connects the common voltage line 130 to the common
electrode CE.

[0064] Referring to FIGS. 3 and 4, pixel electrode 150 is
formed on the second insulation layer 140 in each pixel. Pixel
electrode 150 is electrically connected to drain electrode D of
thin-film transistor TFT through a pixel contact hole 142
formed through the second insulation layer 140. Pixel elec-
trode 150 includes a transparent conductive material. Com-
mon electrode CE disposed under pixel electrode 150 may be
larger than pixel electrode 150 to cover pixel electrode 150
when viewed from a plan view.

[0065] Pixel electrode 150 includes a first main pixel elec-
trode 152, a second main pixel electrode 154 and a sub pixel
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electrode 156. Pixel electrode 150 may be substantially sym-
metric with respect to the central line of the pixel.

[0066] The first main pixel electrode 152 is adjacent to one
of the gate lines GL, and extends in the first direction.
[0067] The second main pixel electrode 154 is spaced apart
from the first main pixel electrode 152 by a predetermined
distance, and extends in the first direction. Particularly, the
second main pixel electrode 154 is adjacent to a consecutive
one of the gate lines GL.

[0068] The sub pixel electrode 156 is disposed between the
first and second main pixel electrodes 152 and 154 to connect
the first and second main pixel electrodes 152 and 154 to each
other. A plurality of the sub pixel electrodes 156 may be
arranged in the first direction.

[0069] The sub pixel electrode 156 may be substantially
symmetric with respect to the central line of the pixel. For
example, the sub pixel electrode 156 may include a first sub
pixel electrode 1564 and a second sub pixel electrode 1565,
which are substantially symmetric with respect to the central
line of the pixel.

[0070] The first sub pixel electrode 1564 is adjacent to a
first side of the central line of the pixel, and may be tilted with
the second direction by a predetermined angle. For example,
the first sub pixel electrode 156a may be tilted with the second
direction by about 0.5 to about 5 degrees.

[0071] The second sub pixel electrode 1564 is adjacent to a
second side of the central line of the pixel, which is opposite
to the first side, and may be tilted so that the first and second
sub pixel electrodes 1564 and 1565 are substantially symmet-
ric with respect to the central line of the pixel. The second sub
pixel electrode 1565 is tilted by about 0.5 to about 5 degrees
in a direction opposite to the first sub pixel electrode 156a.
[0072] Array substrate 100 may further include a first align-
ment layer (not shown) to align liquid crystal molecules of the
liquid crystal layer 300 in a predetermined direction. The first
alignment layer is formed on the second insulation layer 140
to cover pixel electrode 150 and vertical connection electrode
135.

[0073] Hereinafter, the opposite substrate 200 and the lig-
uid crystal layer 300 are more fully described with reference
to FIGS. 8 and 9.

[0074] The opposite substrate 200 faces array substrate
100. The opposite substrate 200 includes a second transparent
substrate 210 and a light-blocking layer (not shown). The
opposite substrate 200 may further include a color filter 220.
[0075] The second transparent substrate 210 may include a
transparent material, and may have a plate-shape.

[0076] The light-blocking layer is formed on the second
transparent substrate 210 to face array substrate 100. The
light-blocking layer may be large enough to cover gate line
GL, data line DL and thin-film transistor TFT.

[0077] The color filter 220 is formed on the second trans-
parent substrate 210, and is overlapped with pixel electrode
150. Alternatively, the color filter 220 may be formed on array
substrate 100.

[0078] The opposite substrate 100 may further include a
second alignment layer (not shown) to align the liquid crystal
molecules 310 of the liquid crystal layer 300 in a predeter-
mined direction. The second alignment layer covers the color
filter 220.

[0079] The liquid crystal layer 300 is interposed between
array substrate 100 and the opposite substrate 200. The liquid
crystal molecules 310 of the liquid crystal layer 300 are
aligned by the first and second alignment layers in a prede-
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termined direction. Particularly, the liquid crystal molecules
310 may be aligned substantially parallel with a surface of
array substrate 100 in the second direction.

[0080] When a first voltage is applied to the common elec-
trode CE, and a second voltage having a voltage level differ-
ent from the first voltage is applied to pixel electrode 150, an
electric field is formed between the common electrode CE
and pixel electrode 150. The electric field rotates the liquid
crystal molecules 310 by a predetermined angle with main-
taining the liquid crystal molecules 310 substantially parallel
with the surface of array substrate 100. The liquid crystal
molecules 310 disposed on the first sub pixel electrode 1564
are rotated in a direction opposite to the rotation direction of
the liquid crystal molecules 310 disposed on the second sub
pixel electrode 1565. Since the first and second sub pixel
electrodes 156a and 1565 are tilted in opposite directions, the
liquid crystal molecules 310 disposed on the first and second
sub pixel electrodes 1564 and 1565 are prevented from col-
liding with each other.

[0081] In this embodiment, the horizontally aligned liquid
crystal molecules 310 of the liquid crystal layer 300 are
rotated by the electric field formed between pixel electrode
150 and the common electrode CE by a predetermined angle.
Thus, the liquid crystal molecules 310 are not perpendicular
to the surface of array substrate 100, but are parallel with the
surface of array substrate 100. Since the liquid crystal mol-
ecules 310 is substantially parallel with the surface of array
substrate 100, the alignment of the liquid crystal molecules
310 may not be changed by the externally applied vertical
direction of pressure produced by a pen touching the screen.
Thus, the image displayed is not distorted by the touching of
the screen with a pen and, accordingly, image quality is
improved.

[0082] Furthermore, when the pixel has a rectangular
shape, of which a first length in the first direction is longer
than a second length in the second direction, the number of
datalines DL may bereduced. Thus, the number of data driver
chips may be reduced thereby lowering both manufacturing
cost and power consumption of the display panel.

[0083] FIG. 10 is a plan view illustrating a portion of an
array substrate of a display panel according to another exem-
plary embodiment of the present invention. FIG. 11 is an
enlarged plan view illustrating a region ‘D’ of FIG. 10. FIG.
12 is an enlarged plan view illustrating a region ‘E’ of FIG. 10.
FIG. 13 is an enlarged plan view illustrating a region ‘F’ of
FIG. 10. FIG. 14 is a cross-sectional view taken along a line
IV-IV' of FIG. 13.

[0084] Referring to FIGS. 1 and 2, a display panel 400
includes an array substrate 100, an opposite substrate 200 and
a liquid crystal layer 300.

[0085] Referring to FIGS. 10, 11, 12, 13 and 14, array
substrate 100 includes a first transparent substrate 110, a gate
line GL, a first insulation layer 120, a data line DL, a thin-film
transistor TFT, a common voltage line 130, a second insula-
tion layer 140, a pixel electrode 150, a common electrode 160
and a horizontal connection electrode HE.

[0086] First transparent substrate 110 may have a plate-
shape, and may include a transparent material. Gate line GL
is formed on first transparent substrate 110, and extends in a
first direction. A plurality of the gate lines GL is arranged in
a second direction substantially perpendicular to the first
direction. The first insulation layer 120 is formed on first
transparent substrate 110 to cover gate line GL. Data line DL
is formed on the first insulation layer 120, and extends in the
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second direction to cross gate line GL. A plurality of the data
lines DL is arranged in the first direction. The data lines DL
cross the gate lines GL so that a plurality of pixels is defined.
Each of the pixels may have a rectangular shape, of which a
first length in the first direction is longer than a second length
in the second direction.

[0087] Thin-film transistor TFT is formed in each of the
pixels, and is electrically connected to gate line GL, data line
DL and pixel electrode 150. For example, the thin-film tran-
sistors TFT electrically connected to one of the data lines DL
may be alternatively adjacent to afirst side of data line DL and
a second side of data line DL, which is opposite to the first
side, when viewed from a plan view.

[0088] Referring to FIGS. 10 and 11, thin-film transistor
TFT includes a gate electrode G, an active layer A, a source
electrode S, a drain electrode D and an ohmic contact layer
(not shown).

[0089] Gate electrode G protrudes from gate line GL by a
predetermined length. For example, gate electrode G may
protrude from gate line GL in a direction substantially parallel
with data line DL.

[0090] The active layer A is formed on the first insulation
layer 120, and is overlapped with gate electrode G. For
example, the active layer A may have a rectangular shape, and
may include amorphous silicon (a-Si).

[0091] Source electrode S protrudes from data line DL by a
predetermined length, and is overlapped with a portion of the
active layer A. For example, source electrode S may protrude
from data line DL in a direction substantially parallel with
gate line GL.

[0092] Drain electrode D is spaced apart from source elec-
trode S by a predetermined distance, and is formed from a
layer substantially the same as source electrode S. Drain
electrode D is overlapped with a portion of the active layer A.
Furthermore, drain electrode D is overlapped with a portion
of pixel electrode 150 to be electrically connected to pixel
electrode 150.

[0093] The ohmic contact layer O is formed between
source electrode S and the active layer A and between drain
electrode D and the active layer A. The ohmic contact layer O
may include amorphous silicon (a-Si), into which n* impuri-
ties are implanted at a high concentration.

[0094] Referring to FIG. 10, the common voltage line 130
extends in the second direction to cross the pixel. A plurality
of the common voltage lines 130 is arranged in the second
direction. Particularly, the common voltage line 130 may
cross a central portion of the pixel. The common voltage line
130 is formed from a layer substantially the same as data line
DL. Particularly, the common voltage line 130 is formed on
the first insulation layer 130.

[0095] The second insulation layer 140 is formed on the
first insulation layer 120 to cover thin-film transistor TFT,
data line DL and the common voltage line 130.

[0096] Pixel electrode 150 is formed on the second insula-
tion layer 140 in each of the pixels. Pixel electrode 150 is
electrically connected to drain electrode D of thin-film tran-
sistor TFT through a pixel contact hole 142 formed through
the second insulation layer 140. Pixel electrode 150 includes
a transparent conductive material.

[0097] Referring to FIG. 10, pixel electrode 150 includes a
main pixel electrode 152 and a sub pixel electrode 154. Pixel
electrode 150 may be substantially symmetric with respect to
a central line of the pixel, which is substantially parallel with
the second direction.
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[0098] The main pixel electrode 152 is adjacent to one of
the gate lines GL, and extends in the first direction.

[0099] Thesub pixel electrode 154 protrudes from the main
pixel electrode 152 in a direction opposite to the one of the
gate lines GL. A plurality of the sub pixel electrodes 154 may
be arranged in the first direction.

[0100] The sub pixel electrode 154 may be substantially
symmetric with respect to the central line of the pixel. For
example, the sub pixel electrode 154 may include a first sub
pixel electrode 154a and a second sub pixel electrode 1545,
which are substantially symmetric with respect to the central
line of the pixel.

[0101] The first sub pixel electrode 154a is adjacent to a
first side of the central line of the pixel, and may be tilted by
a predetermined angle with respect to the second direction.
For example, the first sub pixel electrode 154a may be tilted
with respect to the second direction by about 0.5 to about 5
degrees.

[0102] The second sub pixel electrode 1545 is adjacent to a
second side of the central line of the pixel, which is opposite
to the first side, and may be tilted so that the first and second
sub pixel electrodes 154a and 1544 are substantially symmet-
ric with respect to the central line of the pixel. Particularly, the
second sub pixel electrode 1545 may be tilted with the second
direction by about 0.5 to about 5 degrees in a direction oppo-
site to the first sub pixel electrode 154a.

[0103] Referring to FIGS. 10 and 12, common electrode
160 is formed from a layer substantially the same as pixel
electrode 150. Particularly, common electrode 160 is formed
on the second insulation layer 140 in each of the pixels, and is
electrically insulated from pixel electrode 150. Common
electrode 160 is electrically connected to the common voltage
line 130 through a common contact hole 144 formed through
the second insulation layer 140. Common electrode 160 may
include a transparent conductive material substantially the
same as pixel electrode 150.

[0104] Particularly, common electrode 160 includes a main
common electrode 162 and a sub common electrode 164.
Common electrode 160 may be substantially symmetric with
respect to the central line of the pixel.

[0105] Themain common electrode 162 extends in the first
direction to face the main pixel electrode 152. Particularly,
the main common electrode 162 is adjacent to the consecutive
one of the gate lines GL.

[0106] The sub common electrode 164 protrudes from the
main common electrode 162 toward the main pixel electrode
152 without overlapping with the sub pixel electrode 154. A
plurality of the sub common electrodes 164 is arranged in the
first direction.

[0107] The sub common electrode 164 may be substan-
tially symmetric with respect to the central line of the pixel.
Particularly, the sub common electrode 164 includes a first
sub common electrode 1644 and a second sub common elec-
trode 164b, which are symmetric with respect to the central
line of the pixel.

[0108] The first sub common electrode 164a is adjacent to
a first side of the central line of the pixel, and may be tilted in
a direction substantially the same as the first sub pixel elec-
trode 154a. For example, the first sub common electrode 1644
may be tilted with the second direction by about 0.5 to about
5 degrees. The number of the first sub common electrodes
164a may be the same as the number of the first sub pixel
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electrodes 154a. The first sub common electrode 164a may be
disposed between the first sub pixel electrodes 154a adjacent
to each other.

[0109] The second sub common electrode 1645 is adjacent
to a second side of the central line of the pixel, which is
opposite to the first side, and may be tilted in a direction
substantially the same as the second sub pixel electrode 1545.
Particularly, the second sub common electrode 1645 is tilted
with the second direction by about 0.5 to about 5 degrees in a
direction opposite to the first sub common electrode 164a.
The number of the second sub common electrodes 164b may
be the same as the number of the second sub pixel electrodes
154b. The second sub common electrode 1645 may be dis-
posed between the second sub pixel electrodes 1545 adjacent
to each other.

[0110] Referring to FIG. 12, common electrode 160 may
further include a vertical connection electrode 162 electri-
cally connected to the common voltage line 130. Further-
more, the common voltage line 130 has a common voltage
connection portion 132 electrically connected to common
electrode 160. A common contact hole 144 is formed through
the second insulation layer 140 to expose a portion of the
common voltage connection portion 132.

[0111] Particularly, the vertical connection electrode 162a
protrudes from the main common electrode 162 along the
common voltage line 130 by a predetermined length. Thus,
the vertical connection electrode 162a is overlapped with the
common voltage connection portion 132, and is electrically
connected to the common voltage connection portion 132
through the common contact hole 132.

[0112] Thehorizontal connection electrode HE is disposed
between the common electrodes 160 adjacent to each other to
electrically connect the common electrodes 160 to each other.
The horizontal connection electrode HE is formed from a
layer substantially the same as common electrode 160. Par-
ticularly, the horizontal connection electrode HE is formed on
the second insulation layer 140, and may include a transpar-
ent conductive material.

[0113] Array substrate 100 further includes a first align-
ment layer (not shown) to align the liquid crystal layer 300 in
apredetermined direction. The first alignment layer is formed
on the second insulation layer 140 to cover pixel electrode
150 and common electrode 160.

[0114] Inthis embodiment, pixel electrode 150 is disposed
on common electrode 160 when viewed from a plan view.
Alternatively, common electrode 160 may be disposed on
pixel electrode 150 when viewed from a plan view.

[0115] Hereinafter, the opposite substrate 200 and the lig-
uid crystal layer 300 will be described more fully with refer-
ence to FIGS. 1, 2, 10,13 and 14.

[0116] The opposite substrate 200 faces array substrate
100. The opposite substrate 200 includes a second transparent
substrate 210 and a light-blocking layer (not shown). The
opposite substrate 200 may further include a color filter 220.
[0117] The second transparent substrate 210 may include a
transparent material substantially the same as the first trans-
parent substrate 140, and may have a plate-shape.

[0118] The light-blocking layer is formed on the second
transparent substrate 210 to face array substrate 100. The
light-blocking layer may be large enough to cover gate line
GL, data line DL and thin-film transistor TFT.
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[0119] The color filter 220 is formed on the second trans-
parent substrate 210, and is overlapped with pixel electrode
150. Alternatively, the color filter 220 may be formed on array
substrate 100.

[0120] The opposite substrate 100 may further include a
second alignment layer (not shown) to align the liquid crystal
molecules 310 of the liquid crystal layer 300 in a predeter-
mined direction. The second alignment layer covers the color
filter 220.

[0121] The liquid crystal layer 300 is interposed between
array substrate 100 and the opposite substrate 200. The liquid
crystal molecules 310 of the liquid crystal layer 300 are
aligned by the first and second alignment layers in a prede-
termined direction. Particularly, the liquid crystal molecules
310 may be aligned substantially parallel with a surface of
array substrate 100 in the second direction.

[0122] When a first voltage is applied to common electrode
160, and a second voltage having a voltage level different
from the first voltage is applied to pixel electrode 150, an
electric field is formed between common electrode 160 and
pixel electrode 150. The electric field rotates the liquid crystal
molecules 310 by a predetermined angle while maintaining
the liquid crystal molecules 310 substantially parallel with
the surface of array substrate 100. The liquid crystal mol-
ecules 310 disposed on the first sub pixel electrode 156a are
rotated in a direction opposite to a rotation direction of the
liquid crystal molecules 310 disposed on the second sub pixel
electrode 1565. Since the first and second sub pixel electrodes
156a and 1565 are tilted in an opposite direction, the liquid
crystal molecules 310 disposed on the first and second sub
pixel electrodes 156a and 1565 are prevented from colliding
with each other.

[0123] According to the above, an array substrate includes
a pixel electrode and a common electrode so that the horizon-
tally aligned liquid crystal molecules of a liquid crystal layer
are rotated by an electric field formed between the pixel
electrode and the common electrode by a predetermined
angle. Thus, the liquid crystal molecules are not perpendicu-
lar to the surface of the array substrate, but parallel with the
surface of the array substrate. Therefore, the alignment of the
liquid crystal molecules is not changed by an externally
applied pressure from a pen touching the screen and display
quality is thereby improved.

[0124] Furthermore, the pixel has a rectangular shape in
which a first length in a row direction is longer than a second
direction in a column direction. Thus, the number of data lines
DL may be reduced. Therefore, the number of data driver
chips may be reduced so that a manufacturing cost and power
consumption of the display panel are reduced.

[0125] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. An array substrate comprising:

a plurality of gate lines extending in a first direction;

a plurality of data lines extending in a second direction
substantially perpendicular to the first direction, the
intersecting directions of the data lines and gate lines
defining a plurality of pixels;

a plurality of thin-film transistors electrically connected to
the gate lines and the data lines;
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apixel electrode electrically connected to each of the thin-

film transistors;

a common voltage line extending in the second direction

substantially parallel with the data lines; and
a common electrode formed in each of the pixels, electrically
insulated from the pixel electrode, and electrically connected
to the common voltage line.

2. The array substrate of claim 1, wherein the pixel elec-
trode and the common electrode comprise a transparent con-
ductive material.

3. The array substrate of claim 2, wherein the pixel elec-
trode comprises:

amain pixel electrode that extends in the first direction, and

is adjacent to one of the gate lines; and

aplurality of sub pixel electrodes protruding from the main

pixel electrode toward a consecutive one of the gate
lines, the sub pixel electrodes being arranged in the first
direction.

4. The array substrate of claim 3, wherein the common
electrode comprises:

amain common electrode that extends in the first direction,

and is adjacent to a consecutive one of the gate lines; and

a plurality of sub common electrodes protruding from the

main common electrode toward the main pixel elec-
trode, the sub common electrodes being arranged in the
first direction.

5. The array substrate of claim 4, wherein the common
electrode is formed from a layer substantially the same as the
pixel electrode.

6. The array substrate of claim 4, wherein the sub pixel
electrodes are symmetric with respect to a central line of the
pixel, which is substantially parallel with the second direc-
tion, and the sub common electrodes are symmetric with
respect to the central line.

7. The array substrate of claim 6, wherein the sub pixel
electrodes comprise:

afirst sub pixel electrode that is adjacent to a first side of the

central line, and is tilted at a predetermined angle to the
second direction; and

a second sub pixel electrode that is adjacent to a second

side of the central line, which is opposite to the first side,
and is tilted at a predetermined angle to the second

Apr. 8,2010

direction so that the first and second sub pixel electrodes
are symmetric with respect to the central line, and

the sub common electrodes comprise:

a first sub common electrode that is adjacent to a first side
of the central line, and is substantially parallel with the
first sub pixel electrode; and

asecond sub common electrode that is adjacent to a second
side of the central line, which is opposite to the first side,
and is substantially parallel with the second sub pixel
electrode.

8. The array substrate of claim 4, further comprising an
insulation layer that is formed between the common electrode
and the pixel electrode, and has a contact hole, wherein the
common electrode is disposed under the pixel electrode, and
is electrically connected to the common voltage line through
the contact hole.

9. A display panel comprising:

an array substrate that comprises:

a plurality of gate lines extending in a first direction;

a plurality of data lines extending in a second direction
substantially perpendicular to the first direction;

a plurality of thin-film transistors electrically connected to
the gate line and the data line;

a pixel electrode formed in each of pixels defined by the
gate lines and the data lines and electrically connected to
each of the thin-film transistors;

a common voltage line extending in the second direction
substantially parallel with the data line; and

a common electrode formed in each of the pixels electri-
cally insulated from the pixel electrode and electrically
connected to the common voltage line;

an opposite substrate facing the array substrate; and

aliquid crystal layer interposed between the array substrate
and the opposite substrate and having liquid crystal mol-
ecules.

10. The display panel of claim 9, wherein the liquid crystal
molecules of the liquid crystal layer are aligned substantially
parallel with a surface of the array substrate, and are rotated
by an electric field formed by the pixel electrode and the
common electrode by a predetermined angle with being sub-
stantially parallel with the surface of the array substrate.
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