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(57) ABSTRACT

An array substrate for an in-plane switching mode liquid
crystal display device and its fabrication method are dis-
cussed. According to an embodiment, the array substrate
includes a gate line and a data line crossing the gate line on a
base substrate, so as to define a pixel region; a thin film
transistor connected to the gate line and the data line; a plu-
rality of pixel electrodes disposed in the pixel region and
connected to the thin film transistor; a common line extending
substantially parallel to the gate line; and a plurality of com-
mon electrodes alternately arranged with the plurality of pixel
electrodes in the pixel region, wherein the plurality of com-
mon electrodes include at least one first common electrode
adjacent to the data line and connected to the common line,
and at least one second common electrode extending substan-
tially parallel to the date line and not directly connected to the
common line.
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ARRAY SUBSTRATE FOR IN-PLANE
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] The present application is a continuation applica-
tion of application Ser. No. 11/765,992 filed Jun. 20, 2007
which application claims the priority benefit of Korean Patent
Application No. 10-2006-0055781 filed in Korea on Jun. 21,
2006. Both applications are hereby incorporated in their
entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an array substrate
for an in-plane switching (IPS) mode liquid crystal display
(LCD) device and more particularly to an array substrate for
an IPS mode LCD device having a repair pattern and a method
of fabrication the array substrate.

[0004] 2. Discussion of the Related Art

[0005] A related art liquid crystal display (LCD) device
uses optical anisotropy and polarization properties of liquid
crystal molecules. The liquid crystal molecules have a defi-
nite alignment direction as a result of their thin and long
shapes. The alignment direction of the liquid crystal mol-
ecules can be controlled by applying an electric field across
the liquid crystal molecules. In other words, as the intensity or
direction of the electric field is changed, the alignment of the
liquid crystal molecules also changes. Since incident light is
refracted based on the orientation of the liquid crystal mol-
ecules due to the optical anisotropy of the liquid crystal mol-
ecules, images can be displayed by controlling light transmis-
sivity.

[0006] Since the LCD device including a thin film transistor
(TFT) as a switching element, referred to as an active matrix
LCD (AM-LCD) device, has excellent characteristics of high
resolution and displaying moving images, the AM-LCD
device has been widely used.

[0007] The AM-LCD device includes an array substrate, a
color filter substrate and a liquid crystal layer interposed
therebetween. The array substrate may include a pixel elec-
trode and the TFT, and the color filter substrate may include a
color filter layer and a common electrode. The AM-LCD
device is driven by an electric field between the pixel elec-
trode and the common electrode. However, since the AM-
LCD device uses a vertical electric field, the AM-LCD device
has a bad viewing angle.

[0008] An IPS mode LCD device may be used to resolve
the above-mentioned limitations. FIG. 1 is a cross-sectional
view of an IPS mode LCD device according to the related art.
As shown in FIG. 1, the array substrate and the color filter
substrate are separated and face each other. The array sub-
strate includes a first substrate 10, a common electrode 17 and
a pixel electrode 30. Though not shown, the array substrate
may include a TFT, a gate line and a data line. The color filter
substrate includes a second substrate 9, a color filter layer (not
shown), and so on. A liquid crystal layer 11 is interposed
between the first substrate 10 and the second substrate 9.
Since the common electrode 17 and the pixel electrode 30 are
formed on the first substrate 10 on the same level, a horizontal
electric field “L” is generated between the common and pixel
electrodes 17 and 30.
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[0009] FIGS.2A and 2B are cross-sectional views showing
turned on/off conditions of an IPS mode LCD device accord-
ing to the related art. As shown in FIG. 2A, when the voltage
is applied to the IPS mode LCD device, liquid crystal mol-
ecules 11a above the common electrode 17 and the pixel
electrode 30 areunchanged. But, liquid crystal molecules 115
between the common electrode 17 and the pixel electrode 30
are horizontally arranged due to the horizontal electric field
“L”. Since the liquid crystal molecules are arranged by the
horizontal electric field, the IPS mode LCD device has a
characteristic of a wide viewing angle. FIG. 2B shows a
condition when the voltage is not applied to the IPS mode
LCD device. Because an electric field is not generated
between the common and pixel electrodes 17 and 30, the
arrangement of liquid crystal molecules 11 is not changed.
[0010] FIG. 3isaplane view showing an array substrate for
an IPS mode LCD device according to the related art. As
shown in FIG. 3, a gate line 43, a common line 47 and a data
line 60 are formed on a first substrate 40. The common line 47
is parallel to and spaced apart from the gate line 43. The data
line 60 crosses the gate line 43 to define a pixel region P.
[0011] A TFT Trincluding a gate electrode 45, a semicon-
ductor layer (not shown), a source electrode 53 and a drain
electrode 55 is formed at crossing of the gate and data lines 43
and 60. The gate electrode 45 is connected to the gate line 43.
The gate electrode 45 may be a portion of the gate line 43. The
source electrode 53 is connected to the data line 60 and spaced
apart from the drain electrode 55. In addition, a plurality of
pixel electrodes 70a and 704 and a plurality of common
electrodes 49a and 495 are formed in the pixel region P. The
plurality of pixel electrodes 70a and 705 and the plurality of
common electrodes 49a and 4956 are parallel to and alter-
nately arranged with each other. The plurality of pixel elec-
trodes 70a and 705 are connected to the drain electrode 55
through a drain contact hole 67. The plurality of common
electrodes 492 and 495 are connected to the common line 47.
The plurality of common electrodes 49a and 495 may extend
from the common line 47.

[0012] As mentioned above, the IPS mode LCD device of
FIG. 3 has a wide viewing angle due to a horizontal electric
field between the common and pixel electrodes. However,
there are some limitations. Particularly, when an electric line,
e.g., the data line, is disconnected during a fabricating pro-
cess, itis difficult to repair the disconnected data line and thus,
the production yield is reduced. Moreover, although not
shown in FIG. 3, since a gate insulating layer and a passiva-
tion layer are interposed between the common electrode and
the pixel electrode, an electric field between the common
electrode and the pixel electrode is not perfectly horizontal
such that a liquid crystal layer is driven with unexpected
arrangement. Furthermore, since a magnitude of the electric
field between the common electrode and the pixel electrode
decreases due to the gate insulating layer and the passivation
layer, power consumption increases.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to an
array substrate for an IPS mode LCD device and a method of
fabrication the same that substantially obviates one or more of
the problems due to limitations and disadvantages of the
related art.

[0014] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by



US 2010/0265447 Al

practice ofthe invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0015] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, an array substrate for an in-
plane switching mode liquid crystal display device according
to an aspect of the present invention comprises a gate line on
asubstrate; a data line crossing the gate line; an auxiliary data
line disposed over the data line and connected to the data line;
a thin film transistor connected to the gate line and the data
line; a plurality of pixel electrodes disposed in the pixel
region and connected to the thin film transistor; and a plurality
of common electrodes alternately arranged with the plurality
of pixel electrodes in the pixel region and including first
common electrodes disposed at a boundary area of the pixel
region and at least one second common electrode between the
first common electrodes, wherein the second common elec-
trode, the plurality of pixel electrodes and the auxiliary data
line are formed of a same material and a same layer as one
another.

[0016] Inanother aspect of the present invention, a method
of fabricating an array substrate for an in-plane switching
mode liquid crystal display device comprises forming form-
ing a gate line, a gate electrode, a common line, and first
common electrodes on a substrate, the gate electrode con-
nected to the gate line, the first common electrodes connected
to the common line; forming a gate insulating layer on the
gate line, the gate electrode, the common line, and the first
common electrodes; forming a semiconductor layer on the
gate insulating layer, source and drain electrodes on the semi-
conductor layer and spaced apart from each other, and a data
line connected to the source electrode and crossing the gate
line; forming a passivation layer on the source electrode, the
drain electrode and the data line, the passivaton layer having
adata contact hole exposing the data line, a drain contact hole
exposing the drain electrode and at least one common contact
hole exposing the first common electrodes; and forming a
plurality of pixel electrodes, a second common electrode and
an auxiliary data line on the passivation layer, wherein the
plurality of pixel electrodes and the second common elec-
trode are disposed between the first common electrodes and
alternately arranged with each other, the plurality of pixel
electrodes are connected to the drain electrode through the
drain contact hole, the second common electrode is connected
to the first common electrodes through the at least one com-
mon contact hole, and the auxiliary data line is connected to
the data line through the data contact hole.

[0017] Inanother aspect of the present invention, a method
of fabricating an array substrate for an in-plane switching
mode liquid crystal display device comprises forming a gate
line, a gate electrode connected to the gate line and a common
line on a substrate; forming a gate insulating layer on the gate
line, the gate electrode and the common line; forming a semi-
conductor layer on the gate insulating layer, source and drain
electrodes on the semiconductor layer and spaced apart from
each other, and a data line connected to the source electrode
and crossing the gate line; forming a passivation layer on the
source electrode, the drain electrode and the data line, the
passivaton layer having a data contact hole exposing the data
line, a drain contact hole exposing the drain electrode and at
least one common contact hole exposing the common line;
and forming a plurality of pixel electrodes, first and second
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common electrodes and an auxiliary data line on the passiva-
tion layer, wherein the plurality of pixel electrodes and the
second common electrode are disposed between the first
common electrodes and alternately arranged with each other,
the plurality of pixel electrodes are connected to the drain
electrode through the drain contact hole, the first common
electrodes are connected to the common line through the at
least one common contact hole, the second common electrode
is connected to the first common electrodes, and the auxiliary
data line is connected to the data line through the data contact
hole.

[0018] According to another aspect, the present invention
provides a liquid crystal display device comprises a first sub-
strate including: a gate line and a data line crossing the gate
line on a base substrate, so as to define a pixel region, a thin
film transistor connected to the gate line and the data line, a
plurality of pixel electrodes disposed in the pixel region and
connected to the thin film transistor, a common line extending
substantially parallel to the gate line, and a plurality of com-
mon electrodes alternately arranged with the plurality of pixel
electrodes in the pixel region, wherein the plurality of com-
mon electrodes include at least one first common electrode
adjacent to the data line and connected to the common line,
and at least one second common electrode extending substan-
tially parallel to the date line and not directly connected to the
common line; a second substrate; and a liquid crystal layer
disposed between the first and second substrates.

[0019] According to another aspect, the present invention
provides a liquid crystal display device comprises a first sub-
strate including: a gate line and a data line crossing the gate
line on a base substrate, so as to define a pixel region, an
auxiliary data line disposed over the data line and connected
to the data line; a thin film transistor connected to the gate line
and the data line, a plurality of pixel electrodes disposed in the
pixel region and connected to the thin film transistor, a com-
mon line extending substantially parallel to the gate line, and
a plurality of common electrodes alternately arranged with
the plurality of pixel electrodes in the pixel region; a second
substrate; and a liquid crystal layer disposed between the first
and second substrates.

[0020] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0022] FIG. 1isacross-sectional view ofan IPS mode LCD
device according to the related art.

[0023] FIGS. 2A and 2B are cross-sectional views showing
turned on/off conditions of an IPS mode LCD device accord-
ing to the related art.

[0024] FIG. 3isaplane view showing an array substrate for
an IPS mode LCD device according to the related art.
[0025] FIG. 4isaplane view showing an array substrate for
an IPS mode LCD device according to a first embodiment of
the present invention.

[0026] FIG. 5isa cross-sectional view taken along the line
V-V of FIG. 4.
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[0027] FIG. 6is a cross-sectional view taken along the line
VI-VI of FIG. 4.

[0028] FIG.7isaplane view showing an array substrate for
an IPS mode LCD device according to a second embodiment
of the present invention.

[0029] FIG. 8isa cross-sectional view taken along the line
VIII-VIII of FIG. 7.

[0030] FIG.9isa cross-sectional view taken along the line
IX-IX of FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0032] An array substrate for an IPS mode LCD device has
an auxiliary data line over a data line. A passivation layer is
interposed between the auxiliary data line and the data line,
and the auxiliary data line is connected to the data line
through a data contact hole on the passvation layer. Moreover,
a pixel electrode and a common electrode are formed on a
substrate on the same level.

[0033] FIG.4isaplane view showing an array substrate for
an IPS mode LCD device according to a first embodiment of
the present invention. As shown in FIG. 4, a gate line 103 and
a data line 135 are formed on a substrate 101. The gate line
103 and the data line 135 cross each other to define a pixel
region P. A common line 109 is formed on the substrate 101.
The common line 109 is substantially parallel to and spaced
apart from the gate line 103. A TFT Tr including a gate
electrode 106, a gate insulating layer (shown in FIG. 5), a
semiconductor layer (shown in FIG. 5), a source electrode
138 and a drain electrode 141 is formed at crossing of the gate
and data lines 103 and 135. A gate electrode 106 is connected
to the gate line 103, and the gate insulating layer is formed on
the gate electrode 106. The gate electrode 106 may be a
portion of the gate line 103. The semiconductor layer is
formed on the gate insulating layer and corresponds to the
gate electrode 106. The source and drain electrodes 138 and
141 are formed on the semiconductor layer and spaced apart
from each other. The source electrode 138 is connected to the
data line 135.

[0034] First common electrodes 172 and second common
electrodes 173, which are connected to the common line 109
through a common contact hole 167, are formed in the pixel
region P. The first common electrodes 172 are disposed at or
near the boundary portions of the pixel region P. For instance,
the first common electrodes 172 are adjacent to the data line
135. The second common electrodes 173 are disposed
between the first common electrodes 172. The first and sec-
ond common electrodes 172 and 173 are parallel or substan-
tially parallel to the data line 135. Two ends of the first
common electrodes 172 are connected to the common line
109 through the common contact holes 167, whereas a por-
tion 172a (parallel to the common line 109) of the first com-
mon electrodes 172 1s connected to ends of the second com-
mon electrodes 173. In fact, the portion 172a can be part of
the first or second common electrodes 172 or 173. The first
and second common electrodes 172 and 173 may be inte-
grally formed with each other. In addition, a plurality of pixel
electrodes 170 connected to the drain electrode 141 through a
drain contact hole 165 are formed in the pixel region P. The
plurality of pixel electrodes 170 are substantially parallel to
the first and second common electrodes 172 and 173. The
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plurality of pixel electrodes 170 may be disposed between
one of the first common electrodes 172 and one of the second
commorn electrodes 173 and between the second common
electrodes 173. Namely, the plurality of pixel electrodes 170
are alternately arranged with the first and second common
electrodes 172 and 173. The first common electrodes 172, the
second common electrodes 173 and the plurality of pixel
electrodes 170 are parallel to or substantially parallel to the
data line 135. The first common electrodes 172, the second
common electrodes 173 and the plurality of pixel electrodes
170 may be formed of a transparent conductive material such
as indium-tin-oxide (ITO) and indium-zinc-oxide (IZ0), and
disposed on the same level. In FIG. 4, each of the data line
135, the first common electrodes 172, the second common
electrodes 173 and the plurality of pixel electrodes 170 has a
bent portion to produce multi-domains. However, there is no
limitation in the shape. For instance, the data line 135, the first
common electrodes 172, the second common electrodes 173
and the plurality of pixel electrodes 170 may have a linear
(e.g. straight line) shape or a zigzag shape.

[0035] An auxiliary data line 175 is formed along the data
line 135. The auxiliary data line 175 is disposed over the data
line 135 and has substantially the same shape as the data line
135. The auxiliary data line 175 is connected to the data line
135 through a data contact hole 168. At least two data contact
holes 168 may be formed at or near the both ends of the data
line 135 in each pixel region P. The auxiliary data line 175
may be formed of a transparent conductive material such as
indium-tin-oxide (ITO) and indium-zinc-oxide (IZO). A
width w1 of the auxiliary data line 175 is equal to or smaller
than a width w2 of the data line 135 (FIG. 6). The first
common electrodes 172 are spaced apart from the auxiliary
data line 175 by a first distance d1 to prevent shorting defects
between the auxiliary data line 175 and the first common
electrodes 172.

[0036] In addition, the drain electrode 141 extends and
overlaps the common line 109. An overlapped portion of the
common line 109 functions as a first capacitor electrode 114,
and an overlapped portion of the drain electrode 141 func-
tions as a second capacitor electrode 143. The gate insulating
layer and the semiconductor layer interposed between the
firstand second capacitor electrodes 114 and 143 functions as
a dielectric material. The first capacitor electrode 114, the
second capacitor electrode 143, the gate insulating layer and
the semiconductor layer constitute a storage capacitor StgC.
[0037] FIG. 5is a cross-sectional view taken along the line
V-V of FIG. 4, and FIG. 6 is a cross-sectional view taken
along the line VI-VI of FIG. 4. As shown in FIGS. 5 and 6, a
plurality of pixel regions P and switching regions TrA are
defined on the substrate 101. The gate line 103, the gate
electrode 106, the common line 109 and the first capacitor
electrode 114 are formed on the substrate 101. The gate line
103 in the switching region TrA functions as the gate elec-
trode 106. Namely, the gate electrode 106 is a portion of the
gate line 103. The common line 109 is parallel to and spaced
apart from the gate line 103. A portion of the common line 109
fanctions as the first capacitor electrode 114. A gate insulat-
ing layer 117 is formed on the gate line 103, the gate electrode
106, the common line 109 and the first capacitor electrode
114. A semiconductor layer 120 including an active layer
120 of intrinsic amorphous silicon and an ohmic contact
layer 1205 of impurity-doped amorphous silicon is formed on
the gate insulating layer 117 and corresponding to the gate
electrode 106. The source electrode 138 and the drain elec-
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trode 141 are formed on the semiconductor layer 120 and
spaced apart form each other. The active layer 120a under the
ohmic contact layer 1205 is exposed through the source and
drain electrodes 138 and 141. The gate electrode 106, the
semiconductor layer 120 including the active layer 120a and
the ohmic contact layer 1205, the source electrode 138 and
the drain electrode 141 constitute the TFT Tr in the switching
region TrA. The data line 135 is connected to the source
electrode 138 and crosses the gate line 103 to define the pixel
region P.

[0038] Since an intrinsic amorphous silicon layer, an impu-
rity-doped amorphous silicon layer and a conductive metal
layer are preferably etched using a single mask to form the
source electrode 138, the drain electrode 141, the data line
135, the ohmic contact layer 1205 and the active layer 120q,
a semiconductor pattern 121 including an intrinsic amor-
phous silicon pattern 121« and an impurity-doped amorphous
silicon pattern 1215 is disposed under the data line 135. The
intrinsic amorphous silicon pattern 121a and the impurity-
doped amorphous silicon pattern 1215 respectively extend
from the active layer 120¢ and the ohmic contact layer 1205.
However, when the source electrode, the drain electrode and
the data line are formed using a different mask process than
the active layer and the ohmic contact layer, the intrinsic
amorphous silicon pattern 121a and the impurity-doped
amorphous silicon pattern 1215 may not exist under the data
line 135. The drain electrode 141 extends and overlaps the
common line 109 to define the first and second capacitor
electrodes 114 and 143. As mentioned above, the first capaci-
tor electrode 114, the second capacitor electrode 143, the gate
insulating layer 117 and the semiconductor layer 120
between the first and second capacitor electrodes 114 and 143
constitute the storage capacitor StgC. When the source elec-
trode, the drain electrode and the data line are formed using
different mask process than the active layer and the ohmic
contact layer, a single dielectric material of the gate insulating
layer may exist between the first and second capacitor elec-
trodes 114 and 143.

[0039] A passivation layer 163 having the drain contact
hole 165, the common contact hole 167 and the data contact
hole 168 is formed respectively on the source electrode 138,
the drain electrode 141 and the data line 135. The drain
contact hole 165 exposes the drain electrode 141, the com-
mon contact hole 167 exposes the common line 109, and the
data contact hole 168 exposes the data line 135. More spe-
cifically, the drain contact hole 165 exposes the second
capacitor electrode 143.

[0040] The plurality of pixel electrodes 170, the first com-
mon electrodes 172, the second common electrodes 173 and
the auxiliary data line 175 are formed on the passivation layer
163. The plurality of pixel electrodes 170 are connected to the
drain electrode 141 through the drain contact hole 165, the
first common electrodes 172 are connected to the common
line 109 through the common contact hole(s) 167, and the
auxiliary data line 175 is connected to the data line 135
through the data contact hole(s) 168. The first common elec-
trodes 172 are formed at or near the boundary portions of the
pixel region P, and the second common electrodes 173 are
disposed between the first common electrodes 172. The plu-
rality of pixel electrodes 170 are disposed between one of the
first common electrodes 172 and one of the second common
electrodes 173 and between the second common electrodes
173. In other words, the plurality of pixel electrodes 170 are
alternately arranged with the first and second common elec-
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trodes 172 and 173. The plurality of pixel electrodes 170, the
first common electrodes 172 and the second common elec-
trodes 173 are formed of a transparent conductive material
such as indium-tin-oxide (ITO) and indium-zinc-oxide
(IZ0). The pixel electrodes 170, the second common elec-
trodes 173, and the first common electrodes 172 (excluding
the portion 172a) are disposed parallel to or substantially
parallel to the data line 135. The plurality of pixel electrodes
170, the first common electrodes 172 and the second common
electrodes 173 may have a bent shape to produce multi-
domains. The auxiliary data line 175 is preferably also
formed of a transparent conductive material such as indium-
tin-oxide (ITO) and indium-zinc-oxide (IZ0), and disposed
over the data line 135. The auxiliary data line 175 preferably
has substantially the same shape as the data line 135. As
mentioned, the width w1 of the auxiliary data line 175 is equal
to or smaller than the width w2 of the data line 135. The
auxiliary data line 175 is spaced apart from the first common
electrodes 172 by the first distance d1 to prevent shorting
defects between the auxiliary data line 175 and the first com-
mon electrodes 172.

[0041] TheTFT Trreceives a signal via the data line 135. In
a conventional LCD device, if a data line is disconnected, its
TFT Tr can not receive the signal. However, in the array
substrate for the IPS mode LCD device according to the first
embodiment of the present invention, since the auxiliary data
line 175 is disposed over and connected to the data line 135,
the TFT Tr can receive the signal due to the auxiliary data line
175 even when the data line 135 disconnected. Namely, the
auxiliary data line 175 functions as a self-repairing line,
which is advantageous.

[0042] Moreover, since the plurality of pixel electrodes
170, the first common electrodes 172 and the second common
electrodes 173 are formed on the same level, a perfect hori-
zontal electric field can be generated between the pixel elec-
trode 170 and the first common electrode 172 and between the
pixel electrode 170 and the second common electrode 173,
whereby the IPS mode LCD device displays improved
images. In addition, since there is no insulating layer, for
example, a gate line and a passivation layer, between the
common and pixel electrodes as shown in FIG. 6, power
consumption decreases.

[0043] Although effective, in the array substrate for the IPS
mode LCD device according to the first embodiment of the
present invention, sine the auxiliary data line and the common
electrodes are formed on the same level, a sufficient distance
between the auxiliary data line and the first common elec-
trode is required to prevent shorting defects. Moreover, since
liquid crystal molecules are unexpectedly arranged due to an
electric field between the auxiliary data line and the first
common electrode, a black matrix on a color filter layer
covers a portion between the auxiliary data line and the first
common electrode such that the aperture ratio may decrease.
When a distance between the auxiliary data line and the first
common electrode increases to prevent shoring defects, the
aperture ratio may further decrease.

[0044] In a second embodiment of the present invention,
there is no shorting defects and the aperture ratio is improved.
FIG. 7 is a plane view showing an array substrate for an IPS
mode LCD device according to the second embodiment of the
present invention. As shown in FIG. 7, a gate line 203 and a
data line 235 are formed on a substrate 201. The gate line 203
and the data line 235 cross each other to define a pixel region
P. A common line 209 is formed on the substrate 201. The
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common line 209 is substantially parallel to and spaced apart
from the gate line 203. First common electrodes 211 extend
from the common line 209 to be substantially parallel to the
data line 235. The first common electrodes 211 are disposed
at or near the boundary portions of the pixel region P. A TFT
Tr including a gate electrode 206, a gate insulating layer
(shown in FIG. 8), a semiconductor layer (shown in FIG. 8),
a source electrode 238 and a drain electrode 241 is formed at
a crossing of the gate and data lines 203 and 235. The gate
electrode 206 is connected to the gate line 203, and the gate
insulating layer is formed on the gate electrode 206. The gate
electrode 206 may be a portion of the gate line 203. The
semiconductor layer is formed on the gate insulating layer
and corresponds to the gate electrode 206. The source and
drain electrodes 238 and 241 are formed on the semiconduc-
tor layer and spaced apart from each other. The source elec-
trode 238 is connected to the data line 235.

[0045] Second common electrodes 273 include a portion
273a (extending parallel to the common line 209) which is
connected to the first common electrodes 211 through com-
mon contact holes 267, and are formed in the pixel region P.
The second common electrodes 273 are disposed between the
first common electrodes 272 and substantially parallel (ex-
cluding the portion 273a) to the first common electrodes 211.
In addition, a plurality of pixel electrodes 270 connected to
the drain electrode 241 through a drain contact hole 265 are
formed in the pixel region P. The plurality of pixel electrodes
270 are substantially parallel to the first and second common
electrodes 211 and 273. The plurality of pixel electrodes 270
may be disposed between one the first common electrodes
211 and one of the second common electrodes 273 and
between the second common electrodes 273. Namely, the
plurality of pixel electrodes 270 are alternately arranged with
the first and second common electrodes 211 and 273. The
second common electrodes 273 and the plurality of pixel
electrodes 270 may be formed of a transparent conductive
material such as indium-tin-oxide (ITO) and indium-zinc-
oxide (IZ0), and disposed on the same level. In FIG. 7, each
of the data line 235, the first common electrodes 211, the
second common electrodes 273 and the plurality of pixel
electrodes 270 has a bent portion to produce multi-domains.
However, there is no limitation in the shape. For instance, the
data line 235, the first common electrodes 272, the second
common electrodes 273 and the plurality of pixel electrodes
270 may have a linear (e.g. straight line) shape or a zigzag
shape.

[0046] An auxiliary data line 275 is formed along the data
line 235. The auxiliary data line 275 is disposed over the data
line 235 and has substantially the same shape as the data line
235. The auxiliary data line 275 is connected to the data line
235 through one or more data contact holes 268. At least two
data contact holes 268 may be preferably formed at or near the
both ends of the data line 235 in each pixel region P. The
auxiliary data line 275 may be formed of a transparent con-
ductive material such as indium-tin-oxide (ITO) and indium-
zinc-oxide (1Z0). A width w3 of the auxiliary data line 275 is
equal to or smaller than a width w4 of the data line 235 (FIG.
9). The first common electrodes 211 are spaced apart from the
auxiliary data line 275 by a second distance d2. Since the first
common electrodes 211 are formed on a different layer than
the data line 235 and the auxiliary data line 275, a sufficient
distance between the first common electrode 211 and one of
the data line 235 and the auxiliary data line 275 may not be
needed and no possibility of shoring defect exists. Accord-
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ingly, the second distance d2 is smaller than the first distance
d1 of FIG. 5, and a black matrix on a color filter substrate has
a relatively small width to cover a portion between the first
common electrode 211 and the auxiliary data line 275. As a
result, the aperture ratio is improved.

[0047] In addition, the drain electrode 241 extends and
overlaps the common line 209. An overlapped portion of the
common line 209 functions as a first capacitor electrode 214,
and an overlapped portion of the drain electrode 241 func-
tions as a second capacitor electrode 243. The gate insulating
layer and the semiconductor layer interposed between the
first and second capacitor electrodes 241 and 243 function as
a dielectric material. The first capacitor electrode 214, the
second capacitor electrode 243, the gate insulating layer and
the semiconductor layer constitute a storage capacitor StgC.

[0048] FIG. 8isa cross-sectional view taken along the line
VII-VII of FIG. 7, and FIG. 9 is a cross-sectional view taken
along the line IX-IX of FIG. 7. As shown in FIGS. 8 and 9, a
plurality of pixel regions P and switching regions TrA are
defined on the substrate 201. The gate line 203, the gate
electrode 206, the common line 209, the first capacitor elec-
trode 214 and the first common electrodes 211 are formed on
the substrate 201. The gate line 203 in the switching region
TrA functions as the gate electrode 206. Namely, the gate
electrode 206 is a portion of the gate line 203. The common
line 209 is parallel to and spaced apart from the gate line 203.
A portion of the common line 209 functions as the first
capacitor electrode 214. The first common electrodes 211 are
formed at or near the boundary portions of the pixel region P.
The first common electrodes 211 can extend substantially
perpendicular to the gate line 203. A gate insulating layer 217
is formed on the gate line 203, the gate electrode 206, the
common line 209, the first capacitor electrode 214 and the
first common electrodes 211. A semiconductor layer 220
including an active layer 220q of intrinsic amorphous silicon
and an ohmic contact layer 2205 of impurity-doped amor-
phous silicon is formed on the gate insulating layer 217. The
source electrode 238 and the drain electrode 241 are formed
on the semiconductor layer 220 and spaced apart form each
other. The active layer 220a under the ohmic contact layer
2205 is exposed through the source and drain electrodes 238
and 241. The gate electrode 206, the semiconductor layer 220
including the active layer 220a and the ohmic contact layer
2205, the source electrode 238 and the drain electrode 241
constitute the TFT Tr in the switching region TrA. The data
line 235 is connected to the source electrode 238 and crosses
the gate line 203 to define the pixel region P.

[0049] Since an intrinsic amorphous silicon layer, an impu-
rity-doped amorphous silicon layer and a conductive metal
layer are etched using a single mask to form the source elec-
trode 238, the drain electrode 241, the data line 235, the
ohmic contact layer 2205 and the active layer 220a, a semi-
conductor pattern 221 including an intrinsic amorphous sili-
con pattern 221a and an impurity-doped amorphous silicon
pattern 2215 may be disposed under the data line 235. The
intrinsic amorphous silicon pattern 221a and the impurity-
doped amorphous silicon pattern 2215 respectively extend
from the active layer 220q and the ohmic contact layer 2205.
However, when the source electrode, the drain electrode and
the data line are formed using a different mask process than
the active layer and the ohmic contact layer, the intrinsic
amorphous silicon pattern 221¢ and the impurity-doped
amorphous silicon pattern 2215 may not exist under the data
line 235. The drain electrode 241 extends and overlaps the
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common line 209 to define the first and second capacitor
electrodes 214 and 243. As mentioned above, the first capaci-
tor electrode 214, the second capacitor electrode 243, the gate
insulating layer 217 and the semiconductor layer 220
between the first and second capacitor electrodes 214 and 243
constitute the storage capacitor StgC. When the source elec-
trode, the drain electrode and the data line are formed using a
different mask process than the active layer and the ohmic
contact layer, a single dielectric material of the gate insulating
layer may exist between the first and second capacitor elec-
trodes 214 and 243.

[0050] A passivation layer 263 having the drain contact
hole 265, the common contact hole 267 (of FIG. 7) and the
data contact hole 268 is formed on the source electrode 238,
the drain electrode 241 and the data line 235. The drain
contact hole 265 exposes the drain electrode 241, the com-
mon contact hole 267 (of FIG. 7) exposes the first common
electrode 211, and the data contact hole 268 exposes the data
line 235. More specifically, the drain contact hole 265
exposes the second capacitor electrode 243. The plurality of
pixel electrodes 270, the second common electrodes 273 and
the auxiliary data line 275 are formed on the passivation layer
263. The plurality of pixel electrodes 270 are connected to the
drain electrode 241 through the drain contact hole 265, the
second common electrodes 273 are connected to the first
common electrodes 211 through the common contact hole(s)
267 (of F1G. 7), and the auxiliary data line 275 is connected to
the data line 235 through the data contact hole(s) 268. The
second common electrodes 273 (excluding the portion 2734)
are disposed between the first common electrodes 211. The
plurality of pixel electrodes 270 are disposed between one of
the first common electrodes 211 and one of the second com-
mon electrodes 273 and between the second common elec-
trodes 273. In other words, the plurality of pixel electrodes
270 are alternately arranged with the first and second com-
mon electrodes 211 and 273. The plurality of pixel electrodes
270 and the second common electrodes 273 are formed of a
transparent conductive material such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZ0). The plurality of pixel
electrodes 270, the first common electrodes 211 and the sec-
ond common electrodes 273 are substantially parallel to the
data line 235. The plurality of pixel electrodes 270, the first
common electrodes 211 and the second common electrodes
273 may have a bent shape to produce multi-domains, but
other shapes are possible. The auxiliary data line 275 may be
also formed of a transparent conductive material such as
indium-tin-oxide (ITO) and indium-zinc-oxide (IZ0), and
disposed over the data line 235. The auxiliary data line 275
has substantially the same shape as the data line 235. As
mentioned, the width w3 of the auxiliary data line 275 is equal
to or smaller than the width w4 of the data line 235. The
auxiliary data line 275 is spaced apart from the first common
electrodes 211 by the second distance d 2. As mentioned
above, since the first common electrodes 211 are formed on a
different layer than the data line 235 and the auxiliary data
line 275, there is no shorting defect. Accordingly, since the
second distance d 2 is smaller than the first distance d 1, the
aperture ratio is improved.

[0051] Moreover, in the array substrate for the IPS mode
LCD device according to the second embodiment of the
present invention, since the auxiliary data line 275 is disposed
over and connected to the data line 235, the TFT Tr can
receive the signal due to the auxiliary data line 275 when the

Oct. 21,2010

data line 235 disconnected. Namely, the auxiliary data line
275 functions as a self-repairing line, which is advantageous.
[0052] Furthermore, since the plurality of pixel electrodes
270 and the second common electrodes 273 are formed on the
same level, a perfect horizontal electric field is generated
between the pixel electrode 270 and the second common
electrode 273 such that the IPS mode LCD device displays
improved images. In addition, since there is no insulating
layer, for example, a gate line and a passivation layer, between
the second common electrodes and the pixel electrodes,
power consumption decreases.

[0053] Methods for fabricating the array substrates of the
first and second embodiments are discussed. Particularly, a
method of fabricating the array substrate according to the
second embodiment of the present invention is specifically
explained. Parts of the array substrate in the first embodiment
that are the same as parts of the array substrate in the second
embodiment may be formed in the same or similar manner.
[0054] First, a first conductive metal layer is formed on the
substrate by depositing a first conductive metallic material
including at least one of aluminum (Al), aluminum alloy
(AINd), copper (Cu), copper (Cu) alloy, chromium (Cr) and
molybdenum (Mo). The first conductive metal layer is pat-
terned to form the gate line, the common line and the first
common electrodes. The gate line in the switching region
functions as the gate electrode, and a portion of the common
line functions as the first capacitor electrode. In the first
embodiment, the first common electrode is not formed of the
first conductive metal layer.

[0055] Next, the gate insulating layer is formed on the gate
line, the common line and the first common electrodes by
depositing one of an inorganic insulating material including
silicon oxide (Si0,) and silicon nitride (SiNx) and an organic
insulating material including benzocyclobutene (BCB) and
photoacryl.

[0056] Next, an intrinsic amorphous silicon layer, an impu-
rity-doped amorphous silicon layer and a second conductive
metal layer are sequentially formed on the gate insulating
layer. The intrinsic amorphous silicon layer, the impurity-
doped amorphous silicon layer and the second conductive
metal layer are patterned using one of a refractive exposing
mask and a half-tone mask to form the active layer, the ohmic
contact layer, the source electrode, the drain electrode and the
data line. The gate electrode, the active layer, the ohmic
contact layer, the source electrode and the drain electrode
constitute the TFT in the switching region. The source elec-
trode is connected to the data line and spaced apart from the
drain electrode. The ohmic contact layer is etched using the
source and drain electrodes as an etching mask to expose the
active layer. The data line crosses the gate line to define the
pixel region. The drain electrode extends and overlaps the first
capacitor electrode to form the storage capacitor. Since the
intrinsic amorphous silicon layer, the impurity-doped amor-
phous silicon layer and the second conductive metal layer are
patterned using a single mask, the intrinsic amorphous silicon
pattern and the ohmic contact pattern exist under the data line.
However, when the intrinsic amorphous silicon layer, the
impurity-doped amorphous silicon layer and the second con-
ductive metal layer are patterned using different masks, the
intrinsic amorphous silicon pattern and the ohmic contact
pattern may not exist under the data line.

[0057] Next, the passivation layer is formed on the source
electrode, the drain electrode and the data line by depositing
one of an inorganic insulating material including silicon
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oxide (Si0,) and silicon nitride (SiNx) and an organic insu-
lating material including benzocyclobutene (BCB) and pho-
toacryl. The passivation layer is patterned to form the drain
contact hole, the common contact hole and the data contact
hole. The drain contact hole exposes the drain electrode, the
common contact hole exposes the first common electrodes,
and the data contact hole exposes the data line. Since the first
common electrodes are formed under the gate insulating layer
in the second embodiment, the gate insulating layer is pat-
terned with the passivation layer to expose the first common
electrodes. In the first embodiment, since the first common
electrode is formed under the passivaiton layer, the common
contact hole exposes the common line.

[0058] Next, a transparent conductive material layer is
formed on the passivation layer by depositing a transparent
conductive material including indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO). The transparent conductive mate-
rial layer is patterned to form the second common electrodes,
the plurality of pixel electrodes and the auxiliary data line.
The second common electrodes are connected to the first
common electrodes through the common contact hole(s), the
plurality of pixel electrodes are connected to the drain elec-
trode through the drain contact hole(s), and the auxiliary data
line is connected to the data line through the data contact
hole(s). The plurality of pixel electrodes are alternately
arranged with the first common electrodes and the second
common electrodes. The plurality of pixel electrodes, the first
common electrodes and the second common electrodes are
substantially parallel to the data line. The auxiliary data line
has a width equal to or smaller than of the data line. In the first
embodiment, the first common electrodes are formed of the
transparent conductive material layer. The first common elec-
trodes are connected to the common line through the common
contact hole.

[0059] Consequently, in an array substrate for an LCD
device according to the embodiments of the present inven-
tion, since an auxiliary data line connected to a data line is
formed over the data line, the auxiliary data line advanta-
geously functions as a self-repairing line for disconnecting of
the data line. Moreover, since the pixel electrodes and com-
mon electrodes are formed on the same level, the IPS mode
LCD device can display improved images and power con-
sumption decreases. Furthermore, a different number of pixel
electrodes, first common electrodes and second common
electrodes in each pixel region can be provided.

[0060] It will be apparent to those skilled in the art that
various modifications and variations can be made in the LCD
device and fabricating method thereof of the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. An array substrate for an in-plane switching mode liquid
crystal display device, comprising:

a gate line on a substrate;

a data line crossing the gate line to define a pixel region;

an auxiliary data line disposed over the data line and con-
nected to the data line;

athin film transistor connected to the gate line and the data
line;

a plurality of pixel electrodes disposed in the pixel region
and connected to the thin film transistor; and
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a plurality of common electrodes alternately arranged with
the plurality of pixel electrodes in the pixel region and
including first common electrodes disposed at a bound-
ary area of the pixel region and at least one second
common electrode between the first common electrodes,

wherein the second common electrode, the plurality of
pixel electrodes and the auxiliary data line are formed of
a same matetial and a same layer as one another.

2. The array substrate according to claim 1, wherein the
first common electrodes are connected to a common line, and
the at least one second common electrode extends substan-
tially to be parallel to the date line and not directly connected
to the common line.

3. The array substrate according to claim 2, wherein the
first common electrodes are connected with the common line
through at least one common line contact hole.

4. The array substrate according to claim 2, wherein the at
least one second common electrode is connected with the first
common electrodes through at least one common contact
hole.

5. The array substrate according to claim 1, further com-
prising:

a common line extending substantially parallel to the gate
line and connected to at least a part of the plurality of
common electrodes,

wherein the plurality of common electrodes further include
a portion extending substantially parallel to and spaced
apart from the common line.

6. The array substrate according to claim 1, wherein the
first common electrodes are formed of a different layer than
the data line and the auxiliary data line.

7. The array substrate according to claim 6, wherein the
first common electrodes are formed of a same material and a
same layer as the gate line.

8. The array substrate according to claim 1, wherein the
plurality of common electrodes, the plurality of pixel elec-
trodes and the auxiliary data line are formed of a same mate-
rial and a same layer as one another.

9. The array substrate according to claim 8, wherein the
plurality of common electrodes include one of indium-tin-
oxide and indium-zinc-oxide.

10. The array substrate according to claim 1, wherein the
auxiliary data line has a width equal to or smaller than the data
line.

11. The array substrate according to claim 1, wherein the
plurality of pixel electrodes and the plurality of common
electrodes each have at least one bent portion.

12. The array substrate according to claim 1, further com-
prising:

a passivation layer having at least two data contact holes
and interposed between the data line and the auxiliary
data line, wherein the two data contact holes correspond
to both ends of the data line, and the auxiliary data line is
connected to the data line through the two data contact
holes.

13. The array substrate according to claim 1, further com-

prising:

a common line substantially parallel to the gate line,
wherein the plurality of common electrodes are electri-
cally connected to the common line.

14. The array substrate according to claim 13, further com-

prising:

apassivation layer having a common contact hole exposing
the first common electrodes, wherein the first common
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electrodes extend from the common line, and the second
common electrode on the passivation layer is connected
to the first common electrodes through the common
contact hole.

15. The array substrate according to claim 13, further com-
prising:

a first capacitor electrode connected to the thin film tran-
sistor and overlapping the common line, wherein the
first capacitor electrode, an overlapped portion of the
common line and an insulating layer between the first
capacitor electrode and the overlapped portion of the
common line constitute a storage capapcitor.

16. The array substrate according to claim 1, wherein the

thin film transistor includes:

a gate electrode connected to the gate line,

a gate insulating layer on the gate electrode,

a semiconductor layer on the gate insulating layer,

asource electrode on the semiconductor layer connected to
the data line, and

a drain electrode on the semiconductor layer and spaced
apart from the source electrode.

17. A method of fabricating an array substrate for an in-
plane switching mode liquid crystal display device, compris-
ing:

forming a gate line, a gate electrode, a common line, and
first common electrodes on a substrate, the gate elec-
trode connected to the gate line, the first common elec-
trodes connected to the common line;

forming a gate insulating layer on the gate line, the gate
electrode, the common line, and the first common elec-
trodes;

forming a semiconductor layer on the gate insulating layer,
source and drain electrodes on the semiconductor layer
and spaced apart from each other, and a data line con-
nected to the source electrode and crossing the gate line;

forming a passivation layer on the source electrode, the
drain electrode and the data line, the passivaton layer
having a data contact hole exposing the data line, a drain
contact hole exposing the drain electrode and at least one
common contact hole exposing the first common elec-
trodes; and

forming a plurality of pixel electrodes, a second common
electrode and an auxiliary data line on the passivation
layer,

wherein the plurality of pixel electrodes and the second
common electrode are disposed between the first com-
mon electrodes and alternately arranged with each other,

the plurality of pixel electrodes are connected to the drain
electrode through the drain contact hole,

the second common electrode is connected to the first
common electrodes through the at least one common
contact hole, and

the auxiliary data line is connected to the data line through
the data contact hole.

18. A method of fabricating an array substrate for an in-
plane switching mode liquid crystal display device, compris-
ing:

forming a gate line, a gate electrode connected to the gate
line and a common line on a substrate;

forming a gate insulating layer on the gate line, the gate
electrode and the common line;

forming a semiconductor layer on the gate insulating layer,
source and drain electrodes on the semiconductor layer
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and spaced apart from each other, and a data line con-
nected to the source electrode and crossing the gate line;
forming a passivation layer on the source electrode, the
drain electrode and the data line, the passivaton layer
having a data contact hole exposing the data line, a drain
contact hole exposing the drain electrode and at least one
common contact hole exposing the common line; and
forming a plurality of pixel electrodes, first and second
common electrodes and an auxiliary data line on the
passivation layer,
wherein the plurality of pixel electrodes and the second
common electrode are disposed between the first com-
mon electrodes and alternately arranged with each other,
the plurality of pixel electrodes are connected to the drain
electrode through the drain contact hole,
the first common electrodes are connected to the common
line through the at least one common contact hole,
the second common electrode is connected to the first
common electrodes, and
the auxiliary data line is connected to the data line through
the data contact hole.
19. A liquid crystal display device, comprising:
a first substrate including:
a gateline and a data line crossing the gate line on a base
substrate, so as to define a pixel region,
a thin film transistor connected to the gate line and the
data line,
a plurality of pixel electrodes disposed in the pixel
region and connected to the thin film transistor,
a common line extending substantially parallel to the
gate line, and
a plurality of common electrodes alternately arranged
with the plurality of pixel electrodes in the pixel
region,
wherein the plurality of common electrodes include at
least one first common electrode adjacent to the data
line and connected to the common line, and at least
one second common electrode extending substan-
tially parallel to the date line and not directly con-
nected to the common line;
a second substrate; and
aliquid crystal layer disposed between the first and second
substrates.
20. A liquid crystal display device, comprising:
a first substrate including:
a gateline and a data line crossing the gate line on a base
substrate, so as to define a pixel region,
an auxiliary data line disposed over the data line and
connected to the data line;
a thin film transistor connected to the gate line and the
data line,
a plurality of pixel electrodes disposed in the pixel
region and connected to the thin film transistor,
a common line extending substantially parallel to the
gate line, and
a plurality of common electrodes alternately arranged
with the plurality of pixel
electrodes in the pixel region;
a second substrate; and
aliquid crystal layer disposed between the first and second
substrates.
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