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An array substrate for use in an in-plane switching liquid
ggrlzeépi)(nd;%(ﬁ éAddress: crystal display device has a plurality of common electrodes
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present invention, a capacitor electrode is disposed over the
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portion of the common line, and a pixel electrode connector
Dec. 11, 2001 (KR) ....................................... 2001-78247 is disposed over the gate line and then forms a second
Publication Classification storage capacitor with a portion of the gate line. As a result,

the IPS-LCD device can obtain an improved and stable

(51)  Int. CL7 o HO1L. 31/0376 capacitance from the two storage capacitors.
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ARRAY SUBSTRATE FOR IN-PLANE SWITCHING
MODE LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2001-0078247, filed on Dec. 11,
2001, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to liquid crystal dis-
play devices. More particularly it relates to liquid crystal
display devices implenting in-plane switching (IPS) where
an electric field to be applied to liquid crystals is generated
in a plane parallel to a substrate.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display device uses the optical
anisotropy and polarization properties of liquid crystal mol-
ecules to produce an image. Liquid crystal molecules have
a definite orientational alignment as a result of their long,
thin shapes. That alignment direction can be controlled by an
applied electric field. In other words, as an applied electric
field changes, so does the alignment of the liquid crystal
molecules. Due to the optical anisotropy, the refraction of
incident light depends on the alignment direction of the
liquid crystal molecules. Thus, by properly controlling an
applied electric field, a desired light image can be produced.

[0006] Of the different types of known liquid crystal
displays (LCDs), active matrix LCDs (AM-LCDs), which
have thin film transistors (TFTs) and pixel electrodes
arranged in a matrix form, are the subject of significant
research and development because of their high resolution
and superiority in displaying moving images.

[0007] LCD devices have wide application in office auto-
mation (OA) equipment and video units because they are
light and thin and have low power consumption character-
istics. The typical liquid crystal display panel has an upper
substrate, a lower substrate and a liquid crystal layer inter-
posed therebetween. The upper substrate, commonly
referred to as a color filter substrate, usually includes a
common electrode and color filters. The lower substrate,
commonly referred to as an array substrate, includes switch-
ing elements, such as thin film transistors and pixel elec-
trodes.

[0008] As previously described, LCD device operation is
based on the principle that the alignment direction of the
liquid crystal molecules is dependent upon an electric field
applied between the common electrode and the pixel elec-
trode. Thus, the alignment direction of the liquid crystal
molecules is controlled by the application of an electric field
to the liquid crystal layer. When the alignment direction of
the liquid crystal molecules is properly adjusted, incident
light is refracted along the alignment direction to display
image data. The liquid crystal molecules function as an
optical modulation element having variable optical charac-
teristics that depend upon polarity of the applied voltage.

[0009] In a conventional LCD device, since the pixel and
common electrodes are positioned on the lower and upper
substrates, respectively, the electric field induced between
them is perpendicular to the lower and upper substrates.
However, the conventional LCD devices having the longi-
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tudinal electric field have a drawback in that they have a
very narrow viewing angle. In order to solve the problem of
narrow viewing angle, in-plane switching liquid crystal
display (IPS-LCD) devices have been proposed. The IPS-
LCD devices typically include a lower substrate where a
pixel electrode and a common electrode are disposed, an
upper substrate having no electrode, and a liquid crystal
interposed between the upper and lower substrates. A
detailed explanation about operation modes of a typical
IPS-LCD panel will be provided referring to FIGS. 1, 2A,
and 2B.

[0010] FIG. 1 is a schematic cross-sectional view illus-
trating a concept of a related art IPS-LCD panel. As shown
in FIG. 1, upper and lower substrates 10 and 20 are spaced
apart from each other, and a liquid crystal layer 30 is
interposed therebetween. The upper and lower substrates 10
and 20 are often referred to as an array substrate and a color
filter substrate, respectively. On the lower substrate 20 are a
common electrode 22 and a pixel electrode 24. The common
and pixel electrodes 22 and 24 are aligned parallel to each
other. On a surface of the upper substrate 10, a color filter
layer (not shown) is commonly positioned between the pixel
electrode 24 and the common electrode 22 of the lower
substrate 20. A voltage applied across the common and pixel
electrodes 22 and 24 produces an electric field 26 through
the liquid crystal 32. The liquid crystal 32 has a positive
dielectric anisotropy, and thus it aligns parallel to the electric
field 26.

[0011] FIGS. 2A and 2B conceptually help illustrate the
operation of a related art IPS-L.CD device. When no electric
field is produced by the common and pixel electrodes 22 and
24, i.¢., off state, as shown in FIG. 2A, the longitudinal axes
of the liquid crystal (L.C) molecules 32 are parallel and form
a definite angle with the common and pixel electrodes 22
and 24. For example, the longitudinal axes of the LC
molecules 32 are arranged parallel with both the common
and pixel electrodes 22 and 24.

[0012] On the contrary, when a voltage is applied to the
common and pixel electrodes 22 and 24, i.e., on state, as
shown in FIG. 2B, an in-plane electric field 26 that is
parallel to the surface of the lower substrate 20 is produced
because the common and pixel electrodes 22 and 24 are on
the lower substrate 20. Accordingly, the LC molecules 32 are
re-arranged to bring their longitudinal axes into coincidence
with the electric field. However, the first LC molecules 324
positioned corresponding to (e.g., above) the common and
pixel electrodes 22 and 24 do not change their orientation,
while the second LC molecules 3256 positioned between the
common and pixel electrodes 22 and 24 are arranged per-
pendicular to the common and pixel electrodes 22 and 24.
Therefore, the result is a wide viewing angle that ranges
from about 80 to 85 degrees in up-and-down and left-and-
right sides from a line vertical to the IPS-LCD panel, for
example.

[0013] FIG. 3 is a plan view illustrating one pixel of an
array substrate according to a related art IPS-LCD device.
As shown, gate lines 40 are transversely arranged and data
lines 52 are disposed substantially perpendicular to the gate
lines 40. A common line 42 is also transversely arranged
parallel with the gate line 40. The gate line 40, the common
line 42 and a pair of the data lines 52 define a pixel region
P on the array substrate. An island-shaped semiconductor
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layer 46 is positioned near the crossing of the gate and data
lines 40 and 52, thereby forming a thin film transistor (TFT)
T with a source electrode 48 and a drain electrode 50. A
portion of the gate line 40 near the crossing acts as a gate
electrode in the TFT T.

[0014] In each one pixel, three common electrodes 44
extend from the common line 42, and two of the common
electrodes 44 are disposed next to the data lines 52, respec-
tively. A capacitor electrode 54 is disposed over the common
line 42, and connects pixel electrodes 56 that are disposed
between the common electrodes 44 parallel with the data
lines 52. One of the pixel electrodes 56 is electrically
connected to the drain electrode 50 of the TFT T. The
common line 42, the common electrodes 44 and the gate
lines 40 are made of the same opaque material, which has
low specific resistance, and maybe formed by the same
process. The capacitor electrode 54 and a portion of the
common line 42 form a storage capacitor Cst with a dielec-
tric layer interposed therebetween.

[0015] In the IPS-LCD device shown in FIG. 3, it is very
important that the common electrode 44 should be disposed
between the data line 52 and the pixel electrode 56. That is,
because an electrical field occurring in the data line 52
affects the pixel electrode 56, cross talk can occur between
the data line 52 and the pixel electrode 56 if the pixel
electrode 56 is disposed next to the data line 52. The
electrical interference between the data line 52 and the pixel
electrode 56 causes a decrease of the image quality in the
IPS-LCD device.

[0016] As mentioned before, the TFT T includes the
island-shaped semiconductor layer 46 and the source and
drain electrodes 48 and 50 over the semiconductor layer 46.
The TFT T also includes the portion of the gate line 40 as a
gate electrode. The source electrode 48 extends from the
data line 52 and the drain electrode 50 is spaced apart from
the source electrode 48. The island-shaped semiconductor
layer 46 can be disposed under the gate line 40 in order to
protect the island-shaped semiconductor layer 46 from inci-
dent light. In the IPS-LCD device shown in FIG. 3, the thin
film transistors of the up-and-down neighboring pixel are
adjacent to each other and possess the same source electrode
jointly. Thus, the source electrode extending from the data
line 52 has a “T” shape to be jointly used for the up-and-
down neighboring thin film transistors. Semiconductor pat-
tern 47 in the crossing of the data line 52 and the gate lines
40 prevents a short between the data line 52 and each gate
line 40. Likewise, the semiconductor pattern 47 in the
crossing of the data line 52 and the common line 42 prevents
a short between the data line 52 and the common electrode
44.

[0017] FIG. 4 is a cross-sectional view taken along line
IV-IV of FIG. 3 and illustrates lower and upper substrates of
the related art IPS-LCD device. As shown, lower and upper
substrates 60 and 70 are spaced apart from and face to each
other. A liquid crystal layer 90 is interposed between the
lower and upper substrates 60 and 70. The pixel region P is
defined with respect to the lower substrate 60 and an
aperture PP that is substantially the display area is defined
with respect to the lower and upper substrates 60 and 70.

[0018] On the lower substrate 60, a plurality of common
electrodes 44 are disposed in the pixel region P on a
transparent substrate 1. A gate insulation layer 45 is formed
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on the transparent substrate 1 while covering the plurality of
common electrodes 44. The data line 52 is disposed on the
gate insulation layer 45 between the common electrode 44 of
one pixel region and the common electrode 44 of the other
pixel region. A plurality of pixel electrodes 56 are formed on
the gate insulation layer 45, and each pixel electrode 56 is
disposed between two common electrodes 44. The common
electrodes 44 and the pixel electrodes 56 are located in an
alternate manner in the pixel region P. A passivation layer 57
is formed on the gate insulation layer 45 to cover the data
line 52 and the plurality of pixel electrodes 56.

[0019] On the upper substrate 70, a black matrix 72 is
disposed on the rear surface (the side facing the lower
substrate) of a transparent substrate 1 in a position corre-
sponding to the data line 52 and the adjacent common
electrodes 44. A color filter layer 74 having red, green and
blue colors is disposed on the rear surface of the transparent
substrate 1 to cover portions of the black matrix 72. An
overcoat layer 76 is disposed on the color filter layer 74. The
overcoat layer 76 planarizes the rear surface of the upper
substrate 70 and protects the liquid crystal layer 90 from the
dye or pigment included in the color filter layer 74.

[0020] Lower and upper orientation films 58 and 77 are
disposed on the inner surfaces of the lower and upper
substrates 60 and 70, respectively, in order to align the liquid
crystals of the liquid crystal layer 90. Thus, the lower
orientation film 58 is between the passivation layer 57 and
the liquid crystal layer 90, and the upper orientation film 77
is between the overcoat layer 76 and the liquid crystal layer
90. Furthermore, lower and upper polarizers 59 and 78 are
formed on the outer surfaces of the lower and upper sub-
strates 60 and 70, respectively.

[0021] However, the related art IPS-LCD device shown in
FIGS. 3 and 4 has some problems. Since the common
electrode 44 disposed in the center of the pixel region P is
made of the opaque metal, the aperture ratio is low. Further,
since the capacitor electrode and the portion of the common
line only form the storage capacitor, the capacitance of the
storage capacitor is too low to be enough.

SUMMARY OF THE INVENTION

[0022] Accordingly, the present invention is directed to an
array substrate for an IPS-LCD device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

[0023] An advantage of the present invention is to provide
an array substrate for use in an IPS-LCD device that
increases aperture ratio in a pixel region.

[0024] Another advantage of the present invention is to
provide an array substrate for use in an IPS-LCD device that
provides a storage capacitor with an increased capacitance.

[0025] Additional features and advantages of the inven-
tion 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. These 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.

[0026] To achieve these and other advantages, an embodi-
ment in accordance with the principles of the present inven-
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tion provides an array substrate for in-plane switching liquid
crystal display device. The array substrate includes a gate
line arranged in a transverse direction on a substrate; a data
line arranged in a direction substantially perpendicular to the
gate line; a thin film transistor at a crossing of the gate line
and the data line; a common line arranged in the transverse
direction; first and second common electrodes extending
from the common e¢lectrode, one of the first and second
electrodes disposed adjacent to the data line; a third common
electrode disposed between the first and second common
electrodes and formed of a transparent conductive material;
a common electrode connector extending from the third
common electrode to one of the first and second common
electrodes; a plurality of pixel electrodes between the com-
mon electrodes, at least one of the plurality of pixel elec-
trodes crossing the common line and contacting the thin film
transistor through a second contact hole, the plurality of
pixel electrodes formed of the same material as the third
common electrode; and a pixel electrode connector over the
gate line, the pixel electrode connector connecting the
plurality of pixel electrodes. The thin film transistor includes
a gate electrode that extends from the gate line, a semicon-
ductor layer that overlaps the gate electrode, a source
¢lectrode that extends from the data line, and a drain
electrode that is spaced apart from the source electrode.

[0027] The array substrate further includes a capacitor
electrode over the common line. The capacitor electrode is
connected to the thin film transistor. The capacitor electrode
forms a first storage capacitor with a portion of the common
line while the pixel electrode connector forms a second
storage capacitor with a portion of the gate line. The gate
line, the common line and the first and second common
electrodes are formed of the same material, such as an
opaque metal having a low specific resistance, at the same
time. Moreover, the gate line, the common line and the first
and second common electrodes is a double-layered structure
including aluminum neodymium (AINd) as a first layer. The
transparent conductive material is indium tin oxide.

[0028] In the array substrate according to the present
invention, the common electrode connector has a T-shape
and is disposed over the common line and over one of the
first and second common electrodes. A head of the T-shaped
common electrode is disposed over the one of the first and
second common electrodes. A body of the T-shaped common
electrode is disposed over the common line and has a width
ranging from about 3 to about 5 micrometers (¢m). The head
of the T-shaped common electrode contacts one of the first
and second common electrodes through the first contact
hole. The first, second and third common electrodes are
parallel with the data line. The common electrode connector
are formed of the same material as the third common
electrode. The common line is disposed in the middle of a
pixel region that is defined by the gate and data lines. The
first and second common electrodes extend up-and-down
direction from the common line. The pixel electrode con-
nector is formed of the same material as the third common
electrode.

[0029] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] 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 an embodiment of the present invention and
together with the description serve to explain the principles
of that invention.

[0031]

[0032] FIG. 1 is a schematic cross-sectional view illus-
trating a concept of a related art IPS-LCD panel;

[0033] FIGS. 2A and 2B conceptually help illustrate the
operation of a related art IPS-LCD device,

[0034] FIG. 3 is a plan view illustrating an array substrate
according to a related art IPS-LCD device;

[0035] FIG. 4 is a cross-sectional view taken along line
IV-IV of FIG. 3 and illustrates lower and upper substrates of
the related art IPS-LCD device;

[0036] FIG. 5 is a plan view illustrating an array substrate
according to a first embodiment of the present invention;

[0037] FIG. 6 is a flow chart illustrating process steps of
forming the array substrate of FIG. §;

[0038] FIG. 7 is a plan view illustrating an array substrate
according to a second embodiment of the present invention;
and

[0039] FIG. 8 is an enlarged plan view illustrating a
portion A of FIG. 7.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0040] Reference will now be made in detail to an illus-
trated embodiment of the present invention, examples of
which are shown in the accompanying drawings. Wherever
possible, similar reference numbers will be used throughout
the drawings to refer to the same or similar parts.

[0041] FIG. 5 is a schematic plan view illustrating one
pixel of an array substrate of an IPS-L.CD according to a first
embodiment of the present invention.

[0042] As shown, gate lines 102 are transversely arranged
and data lines 120 are disposed substantially perpendicular
to the gate lines 102. A pair of gate and data lines 102 and
120 define a pixel region on the array substrate. A thin film
transistor (TFT) T is disposed near the crossing of the gate
and data lines 102 and 120. The TFT T includes a gate
electrode 104 that protrudes from the gate line 102, a source
electrode 114 that extends from the data line 120, and a drain
electrode 116 that is spaced apart from the source electrode
114. The TFT T further includes a semiconductor layer 1124
extending from a semiconductor line 112 that is disposed
corresponding to the data line 120. Namely, the semicon-
ductor line 112 has the same pattern as the data line 120, and
the semiconductor layer 112a extends from the semiconduc-
tor line 112 over the gate electrode 104. Since the semicon-
ductor line 112 is disposed under the data line 120, it acts as
a buffer layer and helps to adhere the data line 120 to the
substrate. Although not shown in FIG. §, a black matrix
protects the semiconductor layer 112a of the TFT T from
incident light.
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[0043] Still referring to FIG. 5, a common line 106 is
disposed substantially parallel with the gate lines 102 in the
pixel region between two adjacent gate lines 102. In the
exemplary IPS-LCD shown in FIG. 5, the common line 106
is roughly in the middle of the pixel region. First and second
common electrodes 1084 and 110a extend from the common
line 106 in an up-and-down direction (in the context of the
figures) substantially parallel with the data lines 120. The
gate lines 102, the gate electrode 104, the common line 106
and the first and second common electrodes 108a and 104
may be formed at the same time using an opaque metal
having a low specific resistance. Beneficially, the gate and
common lines and electrodes can have a double-layered
structure  of molybdenum (Mo)/aluminum neodymium
(AING).

[0044] Over the first and second common electrode 1084
and 110a, first and second auxiliary common electrodes
1085 and 110b are disposed with a passivation layer (not
shown between the first and second common electrodes
108a and the first and second auxiliary common electrodes
1085 and 10b. The first and second auxiliary common
electrodes 1085 and 10b are made of a transparent conduc-
tive material, such as indium tin oxide, for example, and has
substantially the same shape as the first and second common
electrodes 108a and 10a. Thus, the first and second auxiliary
common electrodes 1085 and 1106 substantially perpendicu-
larly cross the common line 106 and are substantially
parallel with the data lines 120. Moreover, the first and
second auxiliary common electrodes 1085 and 1105 contacts
the first and second common electrodes 1084 and 1104
through contact holes 111 through the passivation layer (not
shown) that may be formed at both ends of each auxiliary
common electrode. In the middle of the pixel region, a third
common electrode 122 is disposed substantially perpendicu-
lar to both the first and second auxiliary common electrodes
1086 and 1105b. The third common electrode 122 is made of
the same material as the first and second auxiliary common
electrodes 1085 and 1105, for example, indium tin oxide,
may be formed at the same time as the first and second
common auxiliary electrodes 1085 and 1105, and may have
the same shape as the first and second auxiliary common
electrodes 1080 and 110b. The third common electrode 122
and the second auxiliary common electrode 10b are con-
nected by a common electrode connector 124 that is dis-
posed over and substantially parallel with the common line
106.

[0045] Still referring to FIG. 5, first, second and third
pixel electrodes 130a, 130b and 130c¢ are disposed parallel
with the common electrodes. The first pixel electrode 130a
is between the first and third common electrodes 108a and
122, and the second and third pixel electrodes 1305 and 130¢
are between the second and third common eclectrodes 110a
and 122. The first pixel electrode 130a crosses the common
line 106, but the second and third pixel electrodes 1305 and
130c do not cross the common line 106. A first pixel
electrode connector 126 is disposed next to the TFT T and
connects the first pixel electrode 130a to the second pixel
electrode 1305. The first pixel electrode connector 126 also
contacts the drain electrode 116 through a drain contact hole
115. A second pixel electrode connector 128 is disposed over
the gate line 102 and connects the first pixel electrode 1304
to the third pixel electrode 130c. The pixel electrodes 1304,
1306 and 130c and the pixel electrode connectors 126 and
128 are made of the same material as the third common
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electrode 122, for example, indium tin oxide, and may be
formed with the third common electrode 122 at the same
time.

[0046] The IPS-LCD device shown in FIG. § includes a
capacitor electrode 118 that is disposed over the common
line 106. The capacitor electrode 118 is connected to the
drain electrode 116 through a connector 117 that has the
same pattern as the first pixel electrode 130a. The capacitor
electrode 118 and the common line 106 form a first storage
capacitor Cqp, with a dielectric layer therebetween, and the
second pixel electrode connector 128 and the gate line 102
form a second storage capacitor Cqp, with a dielectric layer
therebetween.

[0047] In the IPS-LCD device shown in FIG. 5, since the
third common electrode that is in the the pixel region is
made of the transparent conductive material, the aperture
ratio can be raised. Further, since the IPS-LCD device
shown in FIG. 5 has the first and second storage capacitor,
it can have an improved capacitance.

[0048] The detailed explanation of forming the IPS-LCD
device shown in FIG. 5 will be presented with reference to
FIG. 6.

[0049] FIG. 6 is a flow chart illustrating process steps of
forming the array substrate of FIG. 5. In step ST1, an
opaque metallic material having a low specific resistance is
deposited on a transparent substrate, and then patterned
through a first mask process that includes exposure, devel-
opment and etch. Thus, the gate line, the gate electrode, the
common line and the first and second common electrodes
are formed on the transparent substrate.

[0050] In step ST2, a gate insulation layer, an amorphous
silicon (a-Si) layer and an impurity-included amorphous
silicon layer (n* a-Si) are sequentially formed on the trans-
parent substrate having the patterned metal layer. The gate
insulation layer is silicon nitride (SiNy). Thereafter, the
amorphous silicon (a-Si) layer and the impurity-included
amorphous silicon layer (n* a-Si) are patterned using a
second mask process, thereby forming semiconductor line
112 (in FIG. 5) and the semiconductor layer 112 (in FIG.
5). The semiconductor layer 1124 includes an active layer of
amorphous silicon and an ohmic contact layer of impurity-
included amorphous silicon. As mentioned with reference to
FIG. 5, the semiconductor line 112 has the same pattern as
the data line, and the semiconductor layer 1124 extends over
the gate electrode 104.

[0051] In step ST3, a metallic material having good cor-
rosion-resistant characteristics, such as molybdenum (Mo),
for example, is deposited and then patterned using a third
mask process. Thus, the data line 120, the source electrode
114, the drain electrode 116, the capacitor electrode 118, and
the connector 117, as shown in FIG. 5 are formed. The data
line 120 is substantially perpendicular to both the gate line
102 and the common line 106; the source electrode 114
extends from the data line 120; and the drain ¢lectrode 116
is spaced apart from the source electrode 114. The capacitor
electrode 118 is disposed corresponding in position to the
common line 106. The connector 117 connects the drain
electrode 116 to the capacitor electrode 118.

[0052] In step ST4, a passivation layer is formed over the
transparent substrate after being processed through the steps
ST1-ST2. The passivation layer is an organic material, such
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as benzocyclobutene (BCB), or an inorganic material, such
as silicon nitride or silicon oxide. Thereafter, a fourth mask
process is performed, thereby forming the contact holes 111
through the passivation layer (not shown) and the drain
contact hole 115 through the passivation layer (not shown),
as shown in FIG. 5. The contact holes 111 are formed to
correspond to the ends of the first and second common
electrodes 108a and 110a and expose portion of the first and
second common electrodes 108z and 110a through the
passivation layer. Likewise, the drain contact hole 115
exposes a portion of the drain electrode 116.

[0053] Instep STS, a transparent conductive material, e.g.,
indium tin oxide (ITO), is deposited on the passivation layer
and then patterned using a fifth mask process, thereby
forming the pixel electrodes 130a, 130b and 130c, the pixel
¢lectrode connectors 126 and 128, the third common elec-
trode 122, the first and second auxiliary common electrodes
1085 and 110b, and the common electrode connector 124, as
shown in FIG. 5. The first pixel electrode connector 126
contacts the drain electrode 116 through the drain contact
hole 115, and connects one end of the first pixel electrode
1304 to the second pixel electrode 130b. The second pixel
electrode connector 128 is disposed above the gate line 102
and connects the other end of the first pixel electrode 1304
to the third pixel electrode 130c. The first and second
auxiliary common electrodes 1085 and 110b has the same
pattern shape as the first and second common electrodes
108a and 110q, and are formed above the first and second
common electrodes 108a and 110« to correspond to the first
and second common electrodes 1084 and 110a4. As shown in
FIG. 5, the first and second auxiliary common electrodes
108 and 110b contact the first and second common elec-
trodes 1082 and 1104, respectively, through the contact
holes 111. The third common electrode 122 is disposed in the
the pixel region between the first pixel electrode 130a and
the second and third pixel electrodes 1305 and 130c¢. The
common electrode connector 124 is disposed over the com-
mon line 106 between the third common electrode 122 and
the second auxiliary common electrode 1105 so that it
connects the third common electrode 122 to the second
auxiliary common electrode

[0054] In the aforementioned process steps of forming the
array substrate for use in the IPS-LCD device, the metallic
materials, the insulating materials and the semi-conducting
materials are formed and patterned repeatedly using the
masks. Therefore, after being patterned, the remainder of
these material may be left and cause a short between the
patterned conductive materials. Especially, the data line is
adjacent to the common electrodes and the common elec-
trodes next to the data line have a double-layered structure
of opaque metal and ITO. Thus, the chances of short circuit
between the data line and the common electrodes is high.
Furthermore, since the capacitor electrode and the common
electrode connector are formed above the common line, the
capacitor clectrode may easily short-circuit with the com-
mon electrode connector.

[0055] Accordingly to overcome the disadvantages of the
first embodiment of the present invention, another example
is presented.

[0056] FIG. 7 is a plan view illustrating an array substrate
according to a second embodiment of the present invention,
and FIG. 8 is an enlarged plan view illustrating a portion A
of FIG. 7.
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[0057] The IPS-LCD device shown in FIGS. 7 and 8 has
structure and configuration similar to that shown in FIG. §,
but has some differences. As shown in FIGS. 7 and 8, the
first and second auxiliary common electrodes 108 and 1105
of the first embodiment not present in the second embodi-
ment of the present invention. Further, the common elec-
trode connector 224 of the second embodiment has a shape
different from that of the first embodiment.

[0058] Referring to FIGS. 7 and 8, gate lines 202 are
transversely arranged and data lines 220 are disposed sub-
stantially perpendicular to the gate lines 202. A pair of gate
and data lines 202 and 220 define a pixel region on the array
substrate. A thin film transistor (TFT) T is disposed near the
crossing of the gate and data lines 202 and 220. The TFT T
includes a gate electrode 204 that protrude from the gate line
202, a source electrode 214 that extends from the data line
220, and a drain electrode 216 that is spaced apart from the
source electrode 214. The TFT T further includes a semi-
conductor layer 2124 extending from a semiconductor line
212 that is disposed corresponding to the data line 220.
Namely, the semiconductor line 212 has the same pattern as
the data line 220, and the semiconductor layer 2124 extends
from the semiconductor line 212 over the gate electrode 204.
Since the semiconductor line 212 is disposed under the data
line 220, it acts as a buffer layer and helps to adhere the data
line 220 to the substrate.

[0059] Still referring to FIGS. 7 and 8, a common line 206
is disposed parallel with the gate lines 202 in the pixel
region. In the exemplary IPS-LCD of FIGS. 7 and 8, the
common line 206 is roughly in the middle of the pixel
region. First and second common electrodes 208 and 210
extend from the common line 206 in up-and-down directions
parallel with the data lines 220. The gate lines 202, the gate
electrode 204, the common line 206 and the first and second
common ¢lectrodes 208 and 210 may be formed at the same
time using an opaque metal having a low specific resistance.
Beneficially, the gate and common lines and electrodes can
have a double-layered structure of molybdenum (Mo)/alu-
minum neodymium (AINd).

[0060] In the middle of the pixel region, a third common
electrode 222 is disposed substantially perpendicular to both
the first and second common electrodes 208 and 210, and
crosses the common line 206. The third common electrode
222 is made of a transparent conductive material, e.g.,
indium tin oxide, and has substantially the same shape as the
first and second common e¢lectrodes 208 and 210. The third
common electrode 222 has a common electrode connector
224. As shown in FIGS. 7 and 8, the common electrode
connector 224 protrudes from the third common electrode
222 to the second common electrode 210, and has a
T-shaped configuration. The T-shaped common electrode
connector 224 is disposed over the common line 206 extends
over the second common electrode 210. In overlapped
portions of the T-shaped common electrode connector 224
and the second common electrode 210, there are contact
holes 211 through an insulator (not shown) so that the
T-shaped common electrode connector 224 contacts the
second common electrode 210 through the contact hole 211.
Although the common electrode connector 224 has the
T-shape in the illustrated second embodiment, the common
electrode connector 224 can have various other shapes, e.g.,
an L-shape. Further, the contact holes 211 can be formed in
various spots depending on the common electrode connec-
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tor’s shape. Accordingly, the third common electrode 222 is
electrically connected to the other common electrodes 208
and 210 and the common line 206.

[0061] Still referring to FIG. 7, first, second and third
pixel electrodes 230a, 2305 and 230c¢ are disposed parallel
with the common electrodes. The first pixel electrode 2304
is between the first and third common electrodes 208 and
222, and the second and third pixel electrodes 2305 and 230c
are between the second and third common electrodes 210
and 222. The first pixel electrode 230a crosses the common
line 206, but the second and third pixel electrodes 2305 and
230c do not cross the common line 206. The second pixel
electrode 230b is located in a first portion (the bottom
portion in the context of the figures) of the pixel region, and
the third pixel electrode 230c is located in a second portion
(the bottom portion in the context of the figures) of the pixel
region. A first pixel electrode connector 226 1s disposed next
to the TFT T and connects the first pixel electrode 230z to
the second pixel electrode 230b. The first pixel electrode
connector 226 also contacts the drain electrode 216 through
a drain contact hole 215 that is formed through a passivation
layer (not shown). A second pixel electrode connector 228 is
disposed over the gate line 202 and connects the first pixel
electrode 230a to the third pixel electrode 230c. The pixel
electrodes 230a, 23056 and 230c and the pixel electrode
connectors 226 and 228 may be formed with the third
common electrode 222 at the same time, so that they are
made of the same material as the third common electrode
222, for example, indium tin oxide.

[0062] The IPS-LCD device shown in FIG. 7 also
includes a capacitor electrode 218 that is disposed over the
common line 206. The capacitor electrode 218 is connected
to the drain electrode 216 through a connector 217 that has
the same pattern as the first pixel electrode 230a. The
capacitor electrode 218 and the connector 217 are formed
with the data lines 220 in a mask process. The capacitor
electrode 218 and common line 206 form a first storage
capacitor Cqp, with a dielectric layer therebetween, and the
second pixel electrode connector 228 and the gate line 202
form a second storage capacitor Cqp, With a dielectric layer
therebetween.

[0063] FIG. 8 is an enlarged plan view illustrating a
portion A of FIG. 7. As shown, the common eclectrode
connector 224 protrudes in a horizontal direction (in the
context fo the figure) from the third common electrode 222,
and then extends by a length B in a longitudinal direction
substantially parallel with the data line 220. Thus, the
common electrode connector 224 overlaps the common line
206 and the second common electrode 210, thereby forming
the T-shape. The common electrode connector 224 contacts
the second common electrode 210 through the contact holes
211. It is important in the second embodiment that the head
of the common electrode connector 224, which has the
length B, should be minimized. Furthermore, the body of the
common electrode connector 224, which is a portion over
the common line 206, has a width D that is smaller than that
of the capacitor electrode 218. The width D of the common
electrode connector 224 in the second embodiment is much
smaller than that in the first embodiment. In the second
embodiment, the thinner the width D is, the better the
common electrode connector is made. Namely, the width D
of the common electrode connector 224 is minimized as
much as it can.
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[0064] Compared to the first embodiment, in the second
embodiment the array substrate does not have the auxiliary
common electrodes and the common electrode connector
has a different shape. Namely, the common electrodes 208
and 210 next to the data lines has a single-layered structure
that is formed of the same material as the gate line 202, and
the size of the common electrode connector 224 is mini-
mized so as to minimize the overlapping area with the
capacitor electrode 218 and the common line 206.

[0065] Accordingly, since the auxiliary common electrode
is not formed next to the data lines, the chance of short
circuit between the data lines and the common electrodes
decreases. Also, the probability of short circuit between the
capacitor electrode and the common electrode connector is
minimized. For example, the common electrode connector
124 of FIG. 5 in the first embodiment may have a width of
about 13 micrometers (um), while the common electrode
connector 224 of FIGS. 7 and 8 in the second embodiment
has a width D ranging from about 3-5 micrometers (um).
Moreover, it is easily achieved that the common electrode
connector 224 can have a minimum size because the com-
mon electrode connector 224 is made of the transparent
conductive material, e.g., indium tin oxide, and the trans-
parent conductive material can be patterned in a narrow size
more easily than the opaque metallic material.

[0066] According to the present invention, the high aper-
ture ratio become clear from the detailed description and
examples which are alluded before, because some of the
common electrodes are made of the transparent conductive
material, e.g., [TO. Further, since two storage capacitors are
equipped in the pixel region and in the gate line, respec-
tively, the IPS-LCD device can be operated more stably.

[0067] It will be apparent to those skilled in the art that
various modifications and variation can be made in the array
substrate of the present invention without departing from the
spirit or scope of the invention. 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 in-plane switching liquid crystal
display device, comprising:

a gate line arranged in a transverse direction on a sub-
strate;

a data line arranged in a direction substantially perpen-
dicular to the gate line;

a thin film transistor at a crossing of the gate line and the
data line;

a common line arranged in the transverse direction,

first and second common electrodes extending from the
common electrode, one of the first and second common
electrodes disposed adjacent to the data line;

a third common electrode disposed between the first and
second common electrodes and formed of a transparent
conductive material;

a common electrode connector extending from the third
common electrode to one of the first and second
common electrodes;
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a plurality of pixel electrodes between the common elec-
trodes, at least one of the plurality of pixel electrodes
crossing the common line and contacting the thin film
transistor through a second contact hole, the plurality of
pixel electrodes formed of the same material as the
third common electrode; and

a pixel electrode connector over the gate line, the pixel
electrode connector connecting the plurality of pixel
electrodes.

2. The array substrate of claim 1, wherein the thin film
transistor includes a gate electrode extending from the gate
line, a semiconductor layer overlapping the gate electrode, a
source electrode extending from the data line, and a drain
electrode spaced apart from the source electrode.

3. The array substrate of claim 1, further comprising a
capacitor electrode over the common line.

4. The array substrate of claim 3, wherein the capacitor
electrode is connected to the thin film transistor.

5. The array substrate of claim 4, wherein the capacitor
electrode forms a first storage capacitor with a portion of the
common line and the pixel electrode connector forms a
second storage capacitor with a portion of the gate line.

6. The array substrate of claim 1, wherein the gate line, the
common line and the first and second common electrodes
are of the same material.

7. The array substrate of claim 6, wherein the gate line, the
common line and the first and second common electrodes
are formed of an opaque metal having a low specific
resistance.

8. The array substrate of claim 7, wherein the gate line, the
common line and the first and second common electrodes is
a double-layered structure including aluminum neodymium
(AINGd) as a first layer.

9. The array substrate of claim 1, wherein the transparent
conductive material is indium tin oxide.

10. The array substrate of claim 1, further comprising a
gate insulating layer over the first and second common
electrodes.
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11. The array substrate of claim 10, wherein the common
electrode connector contacts one of the first and second
electrodes through a first contact hole in the gate insulating
layer

12. The array substrate of claim 1, wherein the common
electrode connector has a T-shape and is disposed over the
common line and over one of the first and second common
electrodes.

13. The array substrate of claim 12, wherein a head of the
T-shaped common electrode is disposed over the one of the
first and second common electrodes.

14. The array substrate of claim 12, wherein a body of the
T-shaped common electrode is disposed over the common
line and has a width ranging from about 3 to about 5
micrometers (um).

15. The array substrate of claim 1, further comprising a
gate insulating layer over the first and second common
electrodes.

16. The array substrate of claim 15, wherein the head of
the T-shaped common electrode contacts one of the first and
second common electrodes through a first contact hole in the
gate insulating layer.

17. The array substrate of claim 1, wherein the first,
second and third common electrodes are substantially par-
allel with the data line.

18. The array substrate of claim 1, wherein the common
electrode connector is formed of the same material as the
third common electrode.

19. The array substrate of claim 1, wherein the common
line is disposed in the middle of a pixel region that is defined
by the gate and data lines.

20. The array substrate of claim 1, wherein the first and
second common electrodes extend up-and-down from the
common line.

21. The array substrate of claim 1, wherein the pixel
electrode connector is of the same material as the third
common electrode.
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