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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.

16 Claims, 7 Drawing Sheets

201
N
N
2

X
N
2

N
//////

SSSSSSSSSSNY

) NN
? AR ARRRRNY
Vizz:

L



U.S. Patent Sep. 6, 2011 Sheet 1 of 7 US 8,013,970 B2

FIG. 1
RELATED ART
9
11
I 1 c_____)r \
,) // ) 10
éo [ 17
FIG. 2A
RELATED ART
ON

wl O G5 O
112\1\/@) D O

E o> Pt
| OO |
| ' I

W7/ 7. 277
) /
( (
30 17




US 8,013,970 B2

Sheet 2 of 7

Sep. 6, 2011

U.S. Patent

FIG. 2B
RELATED ART

OFF

— — — — —— o— Ot wr——— wv— — — — wrtor—— ———— ]




U.S. Patent Sep. 6, 2011 Sheet 3 of 7 US 8,013,970 B2

FIG. 3
RELATED ART40
| % ""_"AY"? """ T W
L. / NN N
0
2\
2N\ 1'72 1 ®©BN7
} /\49a \\YOa 70b/ / 498/ ’
| f\
SO\L%~\

X T T T s - —— — - - -
il

z
\%\,
1

T
_
. !
Awé

%ﬂ% 1




U.S. Patent Sep. 6, 2011 Sheet 4 of 7 US 8,013,970 B2

? §£ /Z\ % %t 172a
! {f [
1681/ / "é'%?,"' [ _-\- 7 é%\?l’
113755 E.' ;’@7/ A 172 /;%%7' ;1[

168 \§\\\\ \ NN
R 109 R

R RSN

“’9\%*“% x\\;\;x“\\ ?\‘%}%\% {ﬁ 1

ll/ 4 \//'\\?@ ‘\ 13@’“/__/4/ % § N

= e\

/_L T4 7/j

—V S R —
a0 “_b§_ﬂ fiwsiny,
f)% 138 j);[ j;?t—gc

FIG. 4



U.S. Patent Sep. 6, 2011 Sheet 5 of 7 US 8,013,970 B2
FIG. 5
T 163 170 165
135 121b 1214138 14 143
\ LJ I Y R VAV
A il v N .
i )
T S Ir 7 Y 1
T LAY \'\\ ]\V : A2 ’g
—— = 5 Y
120a 1200 3 s 19
\ LT S5 17 st 1 109 1213?2%21“ o
!
108 Trh
P P
FIG. 6
172 198 175 168 475
g1 2470 473 10 73 10 A7 \ 172
1 ¥ l
- {
W2 VA 135 \ \
1215,
Sq2f2t 7 163 101
—r— i P | —p—



U.S. Patent Sep. 6, 2011 Sheet 6 of 7 US 8,013,970 B2

201

/
;;%@/ S\\\\\j\\g\ii %W

\

; 273a
N

o2
=\ %/%%

267 |

0 3/7 / / /]
275 | ,f; 267 IX
035 d2 2“ 211
‘ w3 270
w4 .
| |
270 273 i
273 270
268! !
i 265 \ VI|U
77 \ %\ \#/)’77\<<‘/%/¥/ 2 | 4
209 % \/\/,>\§\[2:\\ N
222 NS 2Nk N
!V/ % & \ T\ \h
%;/ / V
VIIT 214 | ZN

P
f)()(; 238 j);l243 StgC

FIG. 7



U.S. Patent Sep. 6, 2011 Sheet 7 of 7 US 8,013,970 B2

FIG. 8

Py 263 270 265
285 221boyi, 238 241 243
\ L) ) 1
7 / L L— | — 1
NV ] [
N [ RS N 1
| T i/ \1\2\""&"’ ; A} ] >
LI . > 77 I’ | i 7 A . 778 T i 7z 2
pes S oA T
220a 220b NN 201
T 06 i 217 siac 214 v
\ A
203 ;]
TrA 221a 221b
N
271
P p
FIG. 9
268 275 215 268
270 278 270 273 270
w3 [d2, 235 l 235
{ !
, — —r—1 |
e b p | f // 1( ) :
)Wl\ H
221a 216 ) otr 2\ 511 221b 221a gﬂ 201 |
21 N 2 63 5 E

—— : T —r—



US 8,013,970 B2

1
ARRAY SUBSTRATE FOR IN-PLANE
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

The present application is a continuation application of
application Ser. No. 11/765,992 filed Jun. 20, 2007 which
application claims the priority benefit of Korean Patent Appli-
cation 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

1. Field of the Invention

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.

2. Discussion of the Related Art

A related art liquid crystal display (LCD) device uses opti-
cal anisotropy and polarization properties of liquid crystal
molecules. The liquid crystal molecules have a definite align-
ment direction as a result of their thin and long shapes. The
alignment direction of the liquid crystal molecules can be
controlled by applying an electric field across the liquid crys-
tal 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 molecules due to
the optical anisotropy of the liquid crystal molecules, images
can be displayed by controlling light transmissivity.

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 reso-
lution and displaying moving images, the AM-LCD device
has been widely used.

The AM-LCD device includes an array substrate, a color
filter substrate and a liquid crystal layer interposed therebe-
tween. The array substrate may include a pixel electrode 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 electrode and the
common electrode. However, since the AM-LCD device uses
a vertical electric field, the AM-LCD device has a bad view-
ing angle.

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 sub-
strate are separated and face each other. The array substrate
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.

FIGS. 2A and 2B are cross-sectional views showing turned
on/off conditions of an IPS mode LCD device according to
the related art. As shown in FIG. 2A, when the voltage is
applied to the IPS mode LCD device, liquid crystal molecules
11a above the common electrode 17 and the pixel electrode
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30 are unchanged. But, liquid crystal molecules 115 between
the common electrode 17 and the pixel electrode 30 are hori-
zontally arranged due to the horizontal electric field “L”.
Since the liquid crystal molecules are arranged by the hori-
zontal electric field, the IPS mode LCD device has a charac-
teristic 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 com-
mon and pixel electrodes 17 and 30, the arrangement of liquid
crystal molecules 11 is not changed.

FIG. 3 is a plane 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.

A TFT Tr including a gate electrode 45, a semiconductor
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 705 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 495 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 49a and 495 are connected to the common line 47.
The plurality of common electrodes 49a and 495 may extend
from the common line 47.

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 process, it is
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 passivation layer are
interposed between the common electrode and the pixel elec-
trode, 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. Further-
more, 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

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.

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

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, an array substrate for an in-plane
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switching mode liquid crystal display device according to an
aspect of the present invention comprises a gate line on a
substrate; 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.

In another aspect of the present invention, a method of
fabricating an array substrate for an in-plane switching mode
liquid crystal display device comprises forming forming a
gate line, a gate electrode, a common line, and first common
electrodes on a substrate, the gate electrode connected to the
gate line, the first common electrodes connected to the com-
mon 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 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 expos-
ing 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 electrode are dis-
posed 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 common contact
hole, and the auxiliary data line is connected to the data line
through the data contact hole.

In another 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 semicon-
ductor 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
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
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is connected to the first common electrodes, and the auxiliary
data line is connected to the data line through the data contact
hole.

According to another aspect, the present invention pro-
vides aliquid crystal display device comprises a first substrate
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 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; a second substrate; and a liquid crystal layer
disposed between the first and second substrates.

According to another aspect, the present invention pro-
vides aliquid crystal display device comprises a first substrate
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 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 a liquid crystal layer disposed between the first
and second substrates.

It is to be understood 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

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a cross-sectional view of an IPS mode LCD
device according to the related art.

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

FIG. 3 is a plane view showing an array substrate for an IPS
mode LCD device according to the related art.

FIG. 4 is a plane view showing an array substrate for an IPS
mode LCD device according to a first embodiment of the
present invention.

FIG. 5 is a cross-sectional view taken along the line V-V of
FIG. 4.

FIG. 6 is a cross-sectional view taken along the line VI-VI
of FIG. 4.

FIG.7 is a plane view showing an array substrate for an IPS
mode LCD device according to a second embodiment of the
present invention.

FIG. 8 is a cross-sectional view taken along the line VIII-
VIII of FIG. 7.

FIG. 9 is a cross-sectional view taken along the line IX-IX
of FIG. 7.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings.

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.

FIG. 4is a plane 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 semiconduc-
tor 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 elec-
trode 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.

First common electrodes 172 and second common elec-
trodes 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 is connected to ends of the second com-
mon electrodes 173. In fact, the portion 1724 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
plurality of pixel electrodes 170 may be disposed between
one of the first common electrodes 172 and one of the second
common 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 (IZO), and
disposed on the same level. In FIG. 4, each of the data line
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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.

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.

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 functions as a
second capacitor electrode 143. The gate insulating layer and
the semiconductor layer interposed between the first and sec-
ond capacitor electrodes 114 and 143 functions as a dielectric
material. The first capacitor electrode 114, the second capaci-
tor electrode 143, the gate insulating layer and the semicon-
ductor layer constitute a storage capacitor StgC.

FIG. 5 is 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 switch-
ing region TrA functions as the gate electrode 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 functions as the
first capacitor electrode 114. A gate insulating 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 120a of
intrinsic amorphous silicon and an ohmic contact layer 12056
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 electrode 141 are
formed on the semiconductor layer 120 and spaced apart form
each other. The active layer 120a under the ohmic contact
layer 12054 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.

Since an intrinsic amorphous silicon layer, an impurity-
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 120qa, a semi-
conductor pattern 121 including an intrinsic amorphous sili-
con pattern 121a and an impurity-doped amorphous silicon
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pattern 1215 is disposed under the data line 135. The intrinsic
amorphous silicon pattern 121¢ and the impurity-doped
amorphous silicon pattern 1215 respectively extend from the
active layer 120a 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 sili-
con 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 capacitor 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 stor-
age capacitor StgC. When the source electrode, 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 electrodes 114 and
143.

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 common contact
hole 167 exposes the common line 109, and the data contact
hole 168 exposes the data line 135. More specifically, the
drain contact hole 165 exposes the second capacitor electrode
143.

The plurality of pixel electrodes 170, the first common
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-
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
(IZO). The pixel electrodes 170, the second common elec-
trodes 173, and the first common electrodes 172 (excluding
the portion 1724) 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 (IZO), 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
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electrodes 172 by the first distance d1 to prevent shorting
defects between the auxiliary data line 175 and the first com-
mon electrodes 172.

The TFT Tr receives 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.

Moreover, since the plurality of pixel electrodes 170, the
first common electrodes 172 and the second common elec-
trodes 173 are formed on the same level, a perfect horizontal
electric field can be generated between the pixel electrode 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.

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 elec-
trodes 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.

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 second common line 209 is formed on the substrate 201.
The second common line 209 is substantially parallel to and
spaced apart from the gate line 203. First common electrodes
211 extend from the second common line 209 to be substan-
tially parallel to the data line 235. The first common elec-
trodes 211 are disposed at or near the boundary portions of the
pixel region P. ATFT 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 elec-
trode 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 elec-
trode 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 semiconductor layer and spaced apart from each other.
The source electrode 238 is connected to the data line 235.

Second common electrodes 273 include a first common
line 273a (extending parallel to the second common line 209)
which is connected to the first common electrodes 211
through common contact holes 267, and are formed in the
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pixel region P. The second common electrodes 273 are dis-
posed between the first common electrodes 272 and substan-
tially parallel (excluding the first common line 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 (IZO), and disposed on the
same level. In addition, the first common line 273a may be
formed of the same material and the same layer as the second
common electrodes 273 and the pixel electrodes 270. The first
common line 2734 is disposed at a different layer from the
first common electrode 211. Namely, the first common line
273a is disposed at a different level from the first common
electrode 211. 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 elec-
trodes 272, the second common electrodes 273 and the plu-
rality of pixel electrodes 270 may have a linear (e.g. straight
line) shape or a zigzag shape.

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 (IZO). 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-
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. In addition the first
common line 273a is spaced apart from the auxiliary data line
275 by a third distance d3 greater than the second distance d2
between the first common electrode 211 and the auxiliary
data line 275. Accordingly, an electrical short problem
between the first common line 273 and the auxiliary daya line
275 is prevented.

In addition, the drain electrode 241 extends and overlaps
the second common line 209. An overlapped portion of the
second common line 209 functions as a first capacitor elec-
trode 214, and an overlapped portion of the drain electrode
241 functions 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
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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 capaci-
tor StgC.

FIG. 8 is a cross-sectional view taken along the line VIII-
VIII 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 second common line 209, the first capacitor
electrode 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 second
common line 209 is parallel to and spaced apart from the gate
line 203. A portion of the second common line 209 functions
as the first capacitor electrode 214. The first common elec-
trodes 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 insu-
lating layer 217 is formed on the gate line 203, the gate
electrode 206, the second common line 209, the first capacitor
electrode 214 and the first common electrodes 211. A semi-
conductor layer 220 including an active layer 220a of intrin-
sic amorphous silicon and an ohmic contact layer 22056 of
impurity-doped amorphous silicon is formed on the gate insu-
lating 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.

Since an intrinsic amorphous silicon layer, an impurity-
doped amorphous silicon layer and a conductive metal layer
are etched using a single mask to form the source electrode
238, the drain electrode 241, the data line 235, the ohmic
contact layer 2205 and the active layer 220a, a semiconductor
pattern 221 including an intrinsic amorphous silicon pattern
221a and an impurity-doped amorphous silicon pattern 2215
may be disposed under the data line 235. The intrinsic amor-
phous silicon pattern 221a and the impurity-doped amor-
phous 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 221a and the impurity-doped amorphous silicon pat-
tern 2215 may not exist under the data line 235. The drain
electrode 241 extends and overlaps the second common line
209 to define the first and second capacitor electrodes 214 and
243. As mentioned above, the first capacitor 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 stor-
age capacitor StgC. 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, a
single dielectric material of the gate insulating layer may exist
between the first and second capacitor electrodes 214 and
243.

A passivation layer 263 having the drain contact hole 265,
the common contact hole 267 (of FIG. 7) and the data contact
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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 common 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 elec-
trodes 273 are connected to the first common electrodes 211
through the common contact hole(s) 267 (of FIG. 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 first common line 2734a) are
disposed between the first common electrodes 211. The plu-
rality of pixel electrodes 270 are disposed between one of the
first common electrodes 211 and one of the second common
electrodes 273 and between the second common electrodes
273. In other words, the plurality of pixel electrodes 270 are
alternately arranged with the first and second common elec-
trodes 211 and 273. The plurality of pixel electrodes 270 and
the second common electrodes 273 are formed of a transpar-
ent conductive material such as indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO). The plurality of pixel electrodes
270, the first common electrodes 211 and the second common
electrodes 273 are substantially parallel to the data line 235.
The plurality of pixel electrodes 270, the first common elec-
trodes 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 (IZO), 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 d2 is
smaller than the first distance dl1, the aperture ratio is
improved.

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 data line 235
disconnected. Namely, the auxiliary data line 275 functions
as a self-repairing line, which is advantageous.

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.

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
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that are the same as parts of the array substrate in the second
embodiment may be formed in the same or similar manner.

First, a first conductive metal layer is formed on the sub-
strate 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.

Next, the gate insulating layer is formed on the gate line,
the common line and the first common electrodes by depos-
iting one of an inorganic insulating material including silicon
oxide (Si0,) and silicon nitride (SiNx) and an organic insu-
lating material including benzocyclobutene (BCB) and pho-
toacryl.

Next, an intrinsic amorphous silicon layer, an impurity-
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 amor-
phous 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 electrode 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.

Next, the passivation layer is formed on the source elec-
trode, the drain electrode and the data line 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.
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 com-
mon electrodes are formed under the gate insulating layer in
the second embodiment, the gate insulating layer is patterned
with the passivation layer to expose the first common elec-
trodes. In the first embodiment, since the first common elec-
trode is formed under the passivaiton layer, the common
contact hole exposes the common line.

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 material layer is
patterned to form the second common electrodes, the plural-
ity of pixel electrodes and the auxiliary data line. The second
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common electrodes are connected to the first common elec-
trodes through the common contact hole(s), the plurality of
pixel electrodes are connected to the drain electrode through
the drain contact hole(s), and the auxiliary data line is con-
nected 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 electrodes are connected to
the common line through the common contact hole.

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

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 invention with-
out departing from the spirit or scope of the invention. Thus,
it is intended that the present invention cover the modifica-
tions 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;

a thin film transistor connected to the gate line and the data

line;

a first common line parallel to and spaced apart from the

gate line;
a plurality of pixel electrodes disposed in the pixel region
and connected to the thin film transistor; and

aplurality 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,
an end of the at least one second common electrode
extending from the first common line,

wherein the first common line, 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 and are disposed at a different level from
the first common electrodes, and wherein a distance
between the first common line and the auxiliary data line
is greater than a distance between one of the first com-
mon electrode and the auxiliary data line.

2. The array substrate according to claim 1, wherein the
first common electrodes are connected to a second common
line, and the at least one second common electrode extends
substantially to be parallel to the date line and not directly
connected to the second common line.
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3. 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.

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

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

wherein the first common line extends substantially paral-
lel to and spaced apart from the second common line.

5. 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.

6. The array substrate according to claim 5, wherein the
first common electrodes are formed of a same material and a
same layer as the gate line.

7. The array substrate according to claim 1, wherein each of
the first common line, the second common electrode, the
plurality of pixel electrodes and the auxiliary data line
includes one of indium-tin-oxide and indium-zinc-oxide.

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

9. 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.

10. 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.

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

prising:

a second common line substantially parallel to the gate
line, wherein the plurality of common electrodes are
electrically connected to the second common line.

12. The array substrate according to claim 11, further com-

prising:

a passivation layer having acommon contact hole exposing
the first common electrodes, wherein the first common
line on the passivation layer is connected to the first
common electrodes through the common contact hole.

13. The array substrate according to claim 11, further com-
prising:

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

14. 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,

a source 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.

15. A method of fabricating an array substrate for an in-

plane switching mode liquid crystal display device, compris-
ing:
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forming a gate line, a gate electrode, a first common line,
and first common electrodes on a substrate, the gate
electrode connected to the gate line, the first common
electrodes connected to the first common line;

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

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
line, 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 line 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.
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16. A liquid crystal display device, comprising:
a first substrate 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 first 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 and including first common electrodes dis-
posed at a boundary area of the pixel region and at
least one second common electrode between the first
common electrodes;
a second substrate; and
a liquid crystal layer disposed between the first and second
substrates,
wherein the first common line, 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 and are disposed at a different level from
the first common electrodes, and wherein a distance
between the first common line and the auxiliary data line
is greater than a distance between one of the first com-
mon electrode and the auxiliary data line.
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