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(57) ABSTRACT

An in-plane switching mode liquid crystal display according
to an embodiment includes gate lines arranged in a first direc-
tion on an array substrate, data lines arranged in a second
direction substantially perpendicular to the first direction, one
or more storage electrodes provided on the array substrate,
common electrodes extending across each pixel region, pixel
electrodes arranged to be substantially parallel to the com-
mon electrodes, the common electrodes and the pixel elec-
trodes being alternately arranged to generate an in-plane field
in each pixel region, thin film transistors (TFTs) provided at
intersection areas of the gate lines and the data lines, each
TFT including a source electrode connected to the corre-
sponding data line, a drain electrode connected to the corre-
sponding pixel electrode and a gate electrode, and at least one
common line located under the respective common electrode
in the pixel region, the common line being substantially par-
allel to the data lines.
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IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY AND METHOD FOR
FABRICATING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0104730 filed on Oct. 17, 2007 in
Korea, the entire contents of which is hereby incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an in-plane switch-
ing (IPS) mode liquid crystal display (LCD) and its fabrica-
tion method, and more particularly, to an IPS mode LCD and
its fabrication method capable of improving an aperture ratio,
a production yield and other features.

[0004] 2. Description of the Related Art

[0005] As theconsumer’s interest in information displays is
growing and the demand for portable (mobile) information
devices is increasing, research and commercialization of light
and thin flat panel displays (“FPD”) have been growing
[0006] Among FPDs, the liquid crystal display (“LCD”) is
a device for displaying images by using optical anisotropy of
aliquid crystal. LCD devices exhibit excellent resolution and
color and picture quality, so it is widely applied for notebook
computers or desktop monitors, and the like.

[0007] The LCD includes a color filter substrate, a first
substrate, an array substrate, a second substrate, and a liquid
crystal layer formed between the color filter substrate and the
array substrate. The color filter substrate includes a color filter
including a plurality of sub-color filters that implement red,
green and blue colors, a black matrix for demarcating the
sub-color filters and blocking light transmitted through the
liquid crystal layer, and a transparent common electrode for
applying voltage to the liquid crystal layer. The array sub-
strate includes gate lines and data lines which are arranged
vertically and horizontally to define a plurality of pixel area,
TFTs (thin film transistors), switching elements, formed at
respective crossings of the gate lines and the data lines, and
pixel electrodes formed on the pixel areas.

[0008] The color filter substrate and the array substrate are
attached in a facing manner by a sealant formed at an edge of
an image display region to form a liquid crystal panel, and the
attachment of the color filter substrates and the array substrate
is made by an attachment key formed on the color filter
substrate or the array substrate.

[0009] The above-described LCD is referred as a twisted
nematic (TN) mode LCD in which nematic phase liquid crys-
tal molecules are driven in a direction perpendicular to the
substrates, which has shortcomings in that its viewing angle is
quite narrow, about 90°. This results from refractive anisot-
ropy of liquid crystal molecules because when voltage is
applied to a liquid crystal display panel, liquid crystal mol-
ecules which have been aligned horizontally to the substrates
become aligned substantially in the vertical direction to the
substrates.

[0010] Thus, an in-plane switching (IPS) mode LCD, in
which liquid crystal molecules are driven in a horizontal
direction to the substrates to thereby improve the viewing
angle by more than 170°, has been proposed. The IPS mode
LCD is described as follows.

[0011] FIG.1is a plan view showing a portion of an array
substrate of the related art IPS mode LCD. The N number of
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gate lines and the M number of data lines are formed to cross
each other to define the MxN number of pixels on an array
substrate. However, only one pixel is shown on the drawing
merely for the sake of brevity. FIG. 2 is an exemplary view
showing a section take along the line I-I' of the array substrate
in FIG. 1, in which the array substrate and the color filter
substrate attached to the array substrate are shown together.
[0012] Asshownin FIGS. 1and 2, a gate line 16 and a data
line 17 are formed vertically and horizontally to define a pixel
region on the transparent array substrate 10, anda TFT (T), a
switching element, is formed at the crossing of the gate line 16
and the data line 17. The TFT (T) includes a gate electrode 21
connected with a gate line 16, a source electrode 22 connected
with the data line 17 and a drain electrode 23 connected with
a pixel electrode 18 via a pixel electrode line 181. The TFT
also includes a first insulation film 154 for insulating the gate
electrode 21 and the source and drain electrodes 22 and 23
and an active pattern 24 for forming a conductive channel
between the source electrode 22 and the drain electrode 23 by
a gate voltage supplied to the gate electrode 21. For reference,
reference numeral 25 denotes an ohmic-contact layer for
allowing source and drain regions of the active pattern 24 to
ohmic-contact with the source and drain electrodes 22 and 23.
[0013] Inthe pixel region, a common line 81 and a storage
electrode 18s are arranged in a direction parallel to the gate
line 16, and a plurality of common electrodes 8 and a plurality
of pixel electrodes 18 are arranged to be parallel to the data
line 17. Here, the storage electrodes 18s and the common
electrodes 8 generate an in-plane field 90 to switch liquid
crystal molecules 30. The plurality of common electrodes 8
are simultaneously formed with the gate line 16 and con-
nected with the common line 81, and the plurality of pixel
electrodes 18 are simultaneously formed with the data line 17
and connected with the pixel electrode line 181 and the stor-
age electrode 18s. Further, pixel electrodes 18 connected with
the pixel electrode line 181 is electrically connected with the
drain electrode 23 of the TFT (T) via the pixel electrode line
18I. The storage electrode 18s overlaps with a portion of the
lower common line 81 with the first insulation film 15a inter-
posed between the storage electrode 18s and the lower com-
mon line 81 to form a storage capacitor Cst.

[0014] On the transparent color filter substrate 5, there are
formed a black matrix 6 for preventing a leakage of light to the
TFT (T), the gate line 16 and the data line 17, and a color filter
7 for implementing red, green and blue colors. An alignment
film (not shown) for determining an initial alignment direc-
tion of the liquid crystal molecules 30 is coated on the facing
surfaces of the array substrate 10 and the color filter substrate
5.

[0015] In the related art in-plane mode LCD with such a
structure, the common electrodes 8 and the pixel electrodes
18 are formed on the same array substrate 10 to generate the
in-plane field, and thus a viewing angle can be improved.
[0016] However, because the common electrodes 8 and the
pixel electrodes 18 made of an opaque material are disposed
in the pixel area, and in addition, the common lines 81 made
of an opaque conductive material are provided, an aperture
ratio is degraded, thus degrading luminance.

[0017] In addition, because the common line 81 is formed
on the layer on which the gate line 16 is formed, near the gate
line 16, the common line 81 may become short-circuited with
the gate line 16.

SUMMARY OF THE INVENTION

[0018] Therefore, in order to address the above matters the
various features described herein have been conceived. One
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aspect of the exemplary embodiments is to provide anin place
switching (IPS) mode liquid crystal display (LCD) and its
fabrication method capable of improving an aperture ratio by
forming a plurality of common electrodes and pixel elec-
trodes with a transparent conductive material and forming
common lines such that they are substantially parallel to data
lines.

[0019] Another aspect of the present invention is to provide
an IPS mode LCD and its fabrication method capable of
stabilizing a common voltage by reducing an overall resis-
tance of common lines by forming the common lines in the
direction of data lines shorter than overall gate lines.

[0020] Still another aspect of the present invention is to
provide an IPS mode LCD and its fabrication method capable
of preventing gate lines and common lines from being short-
circuited by arranging the common lines such that the traverse
the gate lines with an insulation film interposed therebetween.
[0021] This specification provides an embodiment of the
present invention for an IPS mode L.CD including gate lines
arranged in a first direction on an array substrate, data lines
arranged in a second direction substantially perpendicular to
the first direction, the gate lines and the data lines defining
pixel regions on the array substrate, at least one storage elec-
trode provided on the array substrate, common electrodes
extending across each pixel region, pixel electrodes arranged
to be substantially parallel to the common electrodes, the
common electrodes and the pixel electrodes being alternately
arranged to generate an in-plane field in each pixel region,
thin film transistors (TFTs) provided at intersection areas of
the gate lines and the data lines, each TFT including a source
electrode connected to the corresponding data line, a drain
electrode connected to the corresponding pixel electrode and
a gate electrode, and at least one common line located under
the respective common electrode in the pixel region, the com-
mon line being substantially parallel to the data lines.
[0022] This specification also provides another embodi-
ment of the present invention for a method for fabricating an
IPS mode LCD, including forming gate lines arranged in a
first direction and data lines arranged in a second direction
substantially perpendicular to the first direction, the gate lines
and the data lines defining pixel regions on an array substrate,
forming a storage electrode on the array substrate, forming
common electrodes extending across each pixel region, form-
ing pixel electrodes arranged to be substantially parallel to the
common electrodes, the common electrodes and the pixel
electrodes being alternately arranged to generate an in-plane
field in each pixel region, forming thin film transistors (TFT’s)
at intersection areas of the gate lines and the data lines, each
TFT including a source electrode connected to the corre-
sponding data line, a drain electrode connected to the corre-
sponding pixel electrode and a gate electrode, and forming a
common line under one of the common electrodes in the pixel
region, the common line being substantially parallel to the
data lines.

[0023] This specification also provides another embodi-
ment of the present invention for a method for fabricating an
IPS mode LCD, including forming a gate electrode and a gate
line on a first substrate, forming a first insulating layer on the
first substrate, forming an active pattern on the first substrate,
forming source and drain electrodes on the first substrate and
forming an data line crossing the gate line to define a pixel
area, forming a storage electrode on the first substrate, form-
ing at least one common line in a direction substantially
parallel to the data line with in the pixel area of the first
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substrate, forming a second insulating layer on the first sub-
strate, and forming a plurality of common electrodes and
pixel electrodes alternately disposed within the pixel area of
the firs substrate to generate an in-plane field, such that at least
one common electrode is positioned at an upper portion ofthe
common line.

[0024] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention and wherein:

[0026] FIG. 1is a plan view showing a portion of an array
substrate of arelated art in-plane switching (IPS) mode liquid
crystal display (LCD);

[0027] FIG.21sasectional view schematically showing the
structure of the related art IPS mode LCD;

[0028] FIG. 3 is a plan view showing a portion of an array
substrate of an IPS mode LCD according to a first exemplary
embodiment of the present invention;

[0029] FIGS. 4A to 4D are sectional views sequentially
showing a fabrication process taken along line 11la-I1la'-1I1a",
1IIb-1IIb, and Ilc-1Ilc of the array substrate in FIG. 3;
[0030] FIGS.5A to 5D areplanviews sequentially showing
a fabrication process of the array substrate in FIG. 3;

[0031] FIGS. 6A to 6F are sectional views concretely
showing a second masking process formed on the array sub-
strate in FIGS. 4B and 5B according to a first embodiment of
the present invention;

[0032] FIG. 7 is a view sequentially showing a viewing
angle compensation principle in the IPS mode LCD accord-
ing to an embodiment of the present invention;

[0033] FIG. 8is aplan view sequentially showing a portion
of an array substrate of an IPS mode L.CD according to a
second embodiment of the present invention; and

[0034] FIG. 9is aplan view sequentially showing a portion
of an array substrate of an IPS mode LCD according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The in-plane switching (IPS) mode liquid crystal
display (LCD) and its fabrication method will now be
described in detail with reference to the accompanying draw-
ings. The invention thus being described, it will be obvious
that the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be obvious
to one skilled in the art are intended to be included within the
scope of the following claims

[0036] FIG. 3 is a plan view showing a portion of an array
substrate of the IPS mode LCD according to a first embodi-
ment of the present invention. The N number of gate lines and
M number of data lines are formed to cross each other to
define the MxN number of pixels on an array substrate. How-
ever, only one pixel is shown on the drawing merely for the
sake of brevity.
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[0037] As shown in FIG. 3, when common electrodes and
pixel electrodes have a bent structure, because liquid crystal
molecules are arranged in two directions to form two
domains, the viewing angle can be further improved when
compared with liquid crystal molecules arranged to form a
mono-domain. The present invention is not limited to the
two-domain structured TPS mode LCD but can be also appli-
cable to an IPD mode LCD having multi-domain structure
with more than two domains. The IPS structure forming two
or more domains (multi-domain) is called an S (Super)-IPS
structure. The shape of the common electrodes and the pixel
electrodes to form a multi-domain structure is not limited to
the drawing shown in FIG. 3. For example, the common
electrodes and the pixel electrodes may have a curved struc-
ture or may have a structure bent at multiple locations.
[0038] As illustrated, in the first embodiment of the present
invention, gate lines 116 and data lines 117 are formed to be
arranged vertically and horizontally to define a pixel region
onan array substrate 110, and a TFT (T), which is a switching
element, is formed at a crossing of the gate line 116 and the
data line 117.

[0039] The TFT (T) includes a gate electrode 121 forming
a portion of the gate line 116, a source electrode 122 ina ‘U’
shape connected with the data line 117 and a drain electrode
123 connected to a pixel electrode 118. The TFT (T) further
includes a first insulating layer (not shown) for insulating the
gate electrodes 121 and the source and drain electrodes 122
and 123, and an active pattern (not shown) forming a conduc-
tive channel between the source and drain electrodes 122 and
123 by a gate voltage supplied to the gate electrode 121. In
this case, although the source electrode 122 has the ‘U’ shape
making the channel formed in the ‘U’ shape, the present
invention is not limited to the ‘U’-shape channel and any
types of channels of the TFT having different shapes can be
applicable.

[0040] Common electrodes 108, 108a, 1084' and pixel
electrodes 118 are alternately formed to generate an in-plane
field in the pixel area, and a pair of outermost common elec-
trodes 108 and 1084' are formed at edges of the pixel area.
Among the common electrodes 108, 1082, 1084, the outer-
most common electrodes 1084 and 1084' overlap with a pair
of lower storage electrodes 118« and 1184, respectively, to
form first and second storage capacitors Cstl and Cst2 with
first and second insulating layers (not shown) interposed
between the outermost common electrodes 108a and 1084’
and the lower storage electrodes 118a and 118¢'. Further, the
common electrodes 108, 1084 and 108¢' and the pixel elec-
trodes 118 are arranged to be substantially parallel to the data
line 117.

[0041] The first and second storage capacitors Cstl and
Cst2 serve to uniformly maintain the voltage applied to a
liquid crystal capacitor until a next signal is received. Besides
maintaining the signal, the first and second storage capacitors
Cstl and Cst2 may also have the effects of stabilizing a gray
scale representation, reducing flickering, reducing formation
of residual images, and the like.

[0042] Inthe IPS mode LCD according to the first embodi-
ment of the present invention, the outermost common elec-
trodes 1084 and 1084’ and the storage electrodes 118a and
1184" are formed at the left and right edges of the pixel area to
form the first and second storage capacitors Cst1 and Cst2, but
the present invention is not limited to this arrangement of the
outermost common electrodes 108a and 1084’ and the storage
electrodes 118aand 118a'. For example, the present invention
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can be applicable to a case where the storage electrode is
formed only at one edge of the pixel area to form a single
storage capacitor.

[0043] Here, a first connection line 108L is disposed at one
end of the common electrodes 108, 1084 and 108¢', being
substantially parallel to the gate line 116 and connecting the
one end of the common electrodes 108, 1082 and 1084'. A
second connection line 118L is formed at one end of the pixel
electrodes 118, connecting one side of the pixel electrodes
118, and s electrically connected with the drain electrode 123
and the pair of storage electrodes 118a and 1184' via a first
contact hole 140a and a pair of second contact holes 1405 and
1405, respectively, formed at the second insulating layer.

[0044] A common line 108I according to the first embodi-
ment of the present invention is formed at a lower portion of
an arbitrary common electrode 108 in the pixel area such that
the common line 1081 is substantially parallel to the data line
117. In this case, the common line 1081 is made of the same
conductive material as that of the data line 117 and formed on
the layer on which the data line 117 is formed. In addition, the
common line 1081 is electrically connected with the first
connection line 1081 via a third contact hole 140¢ formed at
the second insulating layer to supply a common voltage to the
first connection line 108L and the common electrodes 108,
108a, 1084’

[0045] Further, at an edge portion of the array substrate
110, there are formed a gate pad electrode 126p and a datapad
electrode 127p electrically connected with the gate line 116
and the data line 117, respectively, and transferring a scan
signal and a data signal applied from an external driving
circuit unit to the gate line 116 and the data line 117. Namely,
the data line 117 and the gate line 116 extend to the driving
circuit unit so as to be connected with a data pad line 117p and
a gate pad line 116p, respectively, and the data pad line 117p
and the gate pad line 116p receive a data signal and a scan
signal from the driving circuit unit via the data pad electrode
127p and the gate pad electrode 126p electrically connected
via fourth and fifth contact holes 1404 and 140e, respectively.

[0046] Inthe IPS mode LCD according to the first embodi-
ment of the present invention constructed as described above,
the common electrodes 108, 1084, 1084', the pixel electrodes
118, the first connection line 108L and the second connection
line 1181 are made of a transparent conductive material such
as ITO (Indium Tin Oxide) or an IZO (Indium Zinc Oxide), so
the aperture ratio can be improved.

[0047] Inaddition, because the common line 1081 is formed
to be substantially parallel to the data line 117, the line width
of the common line 1081 can be reduced, and thus, the aper-
ture ratio of the pixel area can be improved by about 8% to
30%.

[0048] In addition, because the overall length of the com-
mon line 108! extending across the entire [PS mode LCD in
the direction of the data line 117 is shorter than the overall
length of the gate line 116 extending across the entire IPS
mode LCD, the overall resistance of the common line 1081
can be reduced. As a result, the common voltage can be
stabilized to prevent degradation of picture quality such as
ripples or flickers. In this case, the overall length of the
common line 1081 may be approximately 0.56 times the
overall length of the gate line 116. For reference, in the related
art IPS mode LCD, because the common line is formed in the
direction horizontal to the liquid crystal panel, namely, in the
direction substantially parallel to the gate line to increase RC
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delay to vary the common voltage of about 200 mV between
both ends of the liquid crystal panel to cause ripples and
flickers.

[0049] In addition, in the IPS mode LCD according to the
first embodiment of the present invention, the common line
1081 is formed such that it traverses the gate line 116 with the
first insulating layer interposed the common line 1081 and the
gate line 116. Namely, the common line 1081 is not formed
near the gate line 116 nor on the same layer on which the gate
line 116 is formed.

[0050] Rather, the common line 1081 is formed such that it
traverses the gate line 116 with the first insulating layer inter-
posed the common line 1081 and the gate line 116, and is
disposed on the same layer on which the data line 117 is
formed, thereby preventing a defect that the gate line 116 and
the common line 1081 are short-circuited and improving the
production yield.

[0051] Here, in the IPS mode LCD according to the first
embodiment of the present invention, the data wirings includ-
ing the source electrode, the drain electrode, the data line and
the data pad line, the common line, and the active pattern are
simultaneously formed through a single masking process by
using a half-tone mask or a slit mask (diffraction mask) (men-
tioning of the half-tone mask will also include the slit mask,
hereinafter), whereby the array substrate can be fabricated by
performing four masking processes. This will be described in
detail through the following fabrication method of the IPS
mode LCD. However, the present invention is not limited to
the number of masking process. For example, the array sub-
strate may also be fabricated by performing more than four or
less than four processes.

[0052] FIGS. 4A to 4D are sectional views sequentially
showing a fabrication process taken along line 11la-I1la'-1I1a",
1IIb-IIIb, and Ilc-ITlc of the array substrate in FIG. 3.
[0053] The left side (Illa-11la"-IT1a") shows the process of
fabricating the array substrate of the pixel part including the
data line area and the right side (I1Ib-IIIb, and I1lc-IIIc) shows
the sequential process of fabricating the array substrate of the
data pad part and the gate pad part.

[0054] FIGS.5A to 5D areplanviews sequentially showing
a fabrication process of the array substrate in FIG. 4.

[0055] As shown in FIGS. 4A and 5A, the gate electrode
121, the gate line 116, the first storage electrode 118a, the
second storage electrode 1184', and the gate pad line 116p are
formed at the pixel part of the array substrate 110 made of an
insulation material such as glass. The first and second storage
electrodes 118a and 1184' are formed to be bent at left and
right edges of the pixel area, respectively, and arranged to be
substantially perpendicular to the gate line 116. The gate
electrode 121, the gate line 116, the first storage electrode
1184, the second storage electrode 118a', and the gate pad line
116p are formed by depositing a first conductive film on the
entire surface of the array substrate 110 and selectively pat-
terning it through a photolithography process (a first masking
process). Here, the first conductive film may be made of a
low-resistance conductive material such as aluminum (Al), an
aluminum alloy, tungsten (W), copper (Cu), chromium (Cr),
molybdenum (Mo), amolybdenum alloy, or the like. Also, the
first conductive film may be formed with a multi-layered
structure by stacking two or more low-resistance conductive
materials.

[0056] Next, as shownin FIGS. 4B and 5B, a first insulating
layer 1154, an amorphous silicon thin film, an n+ amorphous
silicon thin film, and a second conductive film are formed on
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the entire surface of the array substrate 110 with the gate
electrode 121, the gate line 116, the first storage electrode
1184, the second storage electrode 1184 and the gate pad line
116p formed thereon, and are then selectively removed
through a photolithography process (a second masking pro-
cess) to form an active pattern 124 formed of the amorphous
silicon thin film and the source and drain electrodes 122 and
123 formed of the second conductive film. The source and
drain electrodes 122 and 123 are electrically connected with
the source and drain regions of the active pattern 124 at the
pixel part of the array substrate 110.

[0057] At this time, the data line 117 formed of the second
conductive film is formed at the data line region of the array
substrate 110 and the data pad line 117p formed of the second
conductive film is formed at the data pad part of the array
substrate 110 through the second masking process. Further,
through the second masking process, the common line 1081
formed of the second conductive film is formed within the
pixel area, and the common line 1081 is formed to be substan-
tially parallel to the data line 117. In addition, an ohmic-
contact layer 1255, which is formed of the n+ amorphous
silicon thin film and has been patterned in the same shape as
the source and drain electrodes 122 and 123, is formed on the
active pattern 124,

[0058] A first amorphous silicon thin film pattern 124', a
second n+ amorphous silicon thin film pattern 125", a second
amorphous silicon thin film pattern 124", a third n+ amor-
phous silicon thin film pattern 125", a third amorphous sili-
con thin film pattern 124" and a fourth n+ amorphous silicon
thin film pattern 125", which are formed of the amorphous
silicon thin film and the n+ amorphous silicon thin film, are
patterned in the same shape as the common line 1081, the data
line 117 and the data pad line 117p, and are formed under the
common line 1081, the data line 117 and the data pad line
117p.

[0059] Here, in the first embodiment of the present inven-
tion, the active pattern 124, the source and drain electrodes
122 and 123, the data line 117, the data pad line 117p and the
common line 108 are simultaneously formed through the
single masking process (the second masking process) by
using a half-tone mask. The second masking process will now
be described in detail with reference to the accompanying
drawings.

[0060] FIGS. 6A to 6F are sectional views concretely
showing the second masking process on the array substrate in
FIGS. 4B and 5B according to a first embodiment of the
present invention.

[0061] AsshowninFIG. 6A, the gate insulating layer 1154,
the amorphous silicon thin film 120, an n+ amorphous silicon
thin film 125, a second conductive film 130 are formed on the
entire surface of the array substrate 110 with the gate elec-
trode 121, the gate line 116, the first storage electrode 118,
the second storage electrode 1184, and the gate pad line 116p
formed thereon. The second conductive film 130 may be
made of a low-resistance conductive material such as alumi-
num (Al), an aluminum alloy, tungsten (W), copper (Cu),
chromium (Cr), molybdenum (Mo), a molybdenum alloy, or
the like, in order to form the source electrode, the drain
electrode, the data line, the data pad line and the common line.
[0062] Next,as shown in FIG. 6B, a photosensitive film 170
made of a photosensitive material such as photoresist is
formed on the entire surface of the array substrate 110, to
which light is selectively irradiated via the half-tone mask
180 according to an embodiment of the present invention.
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[0063] Thehalf-tone mask 180 includes a first transmission
region (I) that allows irradiated light to be entirely transmitted
therethrough, a second transmission region (1) that allows
only some of the irradiated light to be transmitted there-
through while blocking the remaining light, and a blocking
region (IIT) that entirely blocks the irradiated light. Only the
light which transmits through the half-tone mask 180 can be
irradiated on the photosensitive film 170.

[0064] Subsequently, when the photosensitive film 170
which has been exposed through the half-tone mask 180 is
developed, as shown in FIG. 6C, first to sixth photosensitive
film patterns 170a to 170/ remain at regions where the light
has been entirely blocked or partially blocked through the
blocking region (II1) and the second transmission region (1I),
and the area of the photosensitive film at the transmission
region (I) through which light had been entirely transmitted
has been completely removed to expose the surface of the
second conductive film 130. At this time, the first to fifth
photosensitive film patterns 170a to 170e formed at the block-
ing region (IIT) are thicker than the sixth photosensitive film
pattern 170¢ formed through the second transmission region
(II). In addition, the photosensitive film at the region where
the light had entirely transmitted through the first transmis-
sion region (I) has been completely removed. This is because
positive photoresist has been used, but the present invention is
not limited to using positive photoresist to accomplish this
process. For example, negative photoresist can be also used in
the present invention.

[0065] Then, as shown in FIG. 6D, the lower amorphous
silicon thin film, the n+ amorphous silicon thin film, the n+
amorphous silicon thin film and the second conductive film
are selectively removed by using the first to sixth photosen-
sitive film patterns 170a to 170f'to form the active pattern 124
at the pixel part of the array substrate 110 and the dataline 117
formed of the second conductive film at the dataline region of
the array substrate 110. In addition, the data pad line 117p
formed of the second conductive film is formed at the data pad
part of the array substrate 110, and the common line 1081
formed of the second conductive film is formed in the pixel
area of the array substrate.

[0066] In the first embodiment of the present invention,
only a single common line 1081 is formed in the pixel area, but
without being limited thereto, two or more common lines may
be formed.

[0067] At this time, the first amorphous silicon thin film
pattern 125' and the second conductive film pattern 130/,
which are formed of the n+ amorphous silicon thin film and
the second conductive film, respectively, and have been pat-
terned in the same shape as the active pattern 124, are formed
on the active pattern 124. Further, the first amorphous silicon
thin film pattern 124", the second n+ amorphous silicon thin
film pattern 125", the second amorphous silicon thin film
pattern 124", the third n+ amorphous silicon thin film pattern
125", the third amorphous silicon thin film pattern 124", and
the fourth n+ amorphous silicon thin film pattern 125", which
are formed of the amorphous silicon thin film and the n+
amorphous silicon thin film, are patterned in the same shape
as the common line 1081, the data line 117 and the data pad
line 117p, and are formed under the common line 1081, the
data line 117, and the data pad line 117p.

[0068] Thereafter, an ashing process is performed to par-
tially remove the first to sixth photosensitive film patterns
170a to 170f. Then, as shown in FIG. 6E, the sixth photosen-
sitive film pattern 170fat the second transmission region (I1)
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is completely removed, exposing the second conductive pat-
tern 130" at the second transmission region (II).

[0069] Then, the first to fifth photosensitive film patterns
remain as seventh to eleventh photosensitive film patterns
170a" and 170¢' after partially removing the first to sixth
photosensitive film patterns 170a to 170/ by the thickness of
the sixth photosensitive film pattern only on source and drain
electrode regions, the common line 1081, the data line 117,
and the data pad line 117p corresponding to the blocking
region (IIT).

[0070] Thereafter, as shown in FIG. 6F, portions of the first
n+ amorphous silicon thin film pattern and the second con-
ductive film pattern are selectively removed by using the
remaining seventh to eleventh photosensitive film patterns
170a' to 170¢' as masks to form the source electrode 122 and
the drain electrode 123 formed of the second conductive film
at the pixel part of the array substrate 110. At this time, an
ohmic-contact layer 1257 formed of the n+ amorphous sili-
con thin film and allowing the source and drain regions of the
active pattern 124 and the source and drain electrodes 122 and
123 to ohmic-contact with each other is formed on the active
pattern 124.

[0071] Inthis manner, in the first embodiment of the present
invention, the active pattern 124, the source and drain elec-
trodes 122 and 123, the data line 117, the data pad line 117p
and the common line 1081 can be formed through a single
masking processing by using the half-tone mask.

[0072] Thereafter, as shown in FIGS. 4C and 5C, a second
insulating layer 1155 is formed on the entire surface of the
array substrate 110 with the active pattern 124, the source and
drain electrodes 122 and 123, the data line 117, the data pad
line 117p and the common line 1081 formed thereon.

[0073] Then, portions of the second insulating layer 1155 is
selectively removed by using a photolithography process (a
third masking process) to form the first contact hole 140a
exposing a portion of the drain electrode 123 and the pair of
second contact holes 1405 and 1404' exposing portions of the
first and second storage electrodes 118 and 118¢'. In addi-
tion, portions of the second insulating layer 1155 are selec-
tively removed by using the third masking process to form the
third contact hole 140¢, the fourth contact hole 1404, and a
fifth contact hole 140e exposing portions of the common line
1081, the data pad line 117p and the gate pad line 116p,
respectively.

[0074] Thereafter, as shown in FIGS. 4D and 5D, a third
conductive film made of a transparent conductive film is
formed on the entire surface of the array substrate 110 with
the first to fifth contact holes 140a to 140e formed thereon.
Then, the third conductive film is selectively removed
through a photolithography process (a fourth masking pro-
cess) to form the second connection line 118L electrically
connected with the drain electrode 123 via the first contact
hole 140a and electrically connected with the first and second
storage electrodes 118a and 1184' via the pair of second
contact holes 1405 and 1404'. In addition, by selectively
removing the third conductive film through the fourth mask-
ing process, the plurality of common electrodes 108, 1084,
108" and the pixel electrodes 118 are formed on the second
insulating layer 11556 to be alternately disposed in the pixel
area to generate an in-plane field. Further, by selectively
removing the third conductive film through the fourth mask-
ing process, the data pad electrode 127p and the gate pad
electrode 126p are formed to be electrically connected with
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the data pad line 117p and the gate pad line 116p via the fourth
and fifth contact holes 1404 and 140e, respectively

[0075] Inthis case, the first and second outermost common
electrodes 108a and 1084' are formed at the edges of the pixel
area. Among the common electrodes 108, 1084 and 1084, the
first and second outermost common electrodes 1082 and
1084' overlap with the lower first and second storage elec-
trodes 118a and 1184, respectively, to form the first and
second storage capacitors Cstl and Cst2 with the first and
second insulating layers 115a and 1155 interposed between
the outermost common electrodes 1084 and 1084' and the
lower storage electrodes 1184 and 1184". Further, through the
fourth masking process, the first connection line 108L is
formed at one end of the common electrodes 108, 108a and
1084 such that it is substantially parallel to the gate line 116
and connects the one end of the common electrodes 108, 108a
and 1084".

[0076] The common line 1081 in the first embodiment of
the present invention is formed under an arbitrary common
electrode 108 in the pixel area such that the common line 1081
is substantially parallel to the data line 117. the common line
1081 is electrically connected with the first connection line
108L via the third contact hole 140¢ formed at the second
insulating layer 1155 to supply the common voltage to the
first connection line 108L and the common electrodes 108,
108a, and 1084'. In addition, the third conductive film con-
tains a transparent conductive material having good transmit-
tance such as an ITO (Indium Tin Oxide) or IZ0 (Indium Zinc
Oxide) to form the common electrodes 108, 1084, 1084', the
first connection line 108L, the second connection line 1181,
and the pixel electrodes 118.

[0077] As described above, in the IPS mode LCD accord-
ing to the first embodiment of the present invention, the
common electrodes 108, 108a, 1084, the pixel electrodes
118, the first connection line 1081, and the second connection
line 118L are made of a transparent conductive material and
the common line 1081 is formed to be substantially parallel to
the data line 117, whereby the line width of the common line
108I can be reduced and accordingly, the aperture ratio of the
pixel area can be improved by about 8% to 30%. In addition,
because the common line 1081 is formed to be parallel to the
common electrode 108 at the lower side of the common
electrode 108, the aperture region can be extended to its
maximum level.

[0078] In addition, as described above, because the overall
length of the common line 1081 extending across the entire
IPS mode LCD in the direction of the data line 117 is shorter
than the overall length of the gate line 116 extending across
the entire IPS mode LCD, the overall resistance of the com-
mon line 1081 can be reduced. As a result, the common
voltage can be stabilized to prevent degradation of picture
quality such as ripples or flickering. In this case, the overall
length of the common line 1081 may be approximately 0.56
times the overall length of the gate line 116.

[0079] Inaddition, because the common line 1081 is formed
to traverse the gate line 116 with the first insulating layer
interposed therebetween, the gate line 116 and the common
line 1081 can be prevented from being short-circuited,
improving the production yield.

[0080] Inthe IPS mode LCD according to the first embodi-
ment of the present invention, because the common elec-
trodes 108, 1084, 1084, the pixel electrodes 118, the data line
117 are bent to have the multi-domain structure allowing
liquid crystal molecules to be symmetrically driven, abnor-
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mal light caused by birefringence characteristics of liquid
crystal can be canceled out to minimize a color shift phenom-
enon. Namely, the color shift phenomenon occurs according
to avisual field for viewing liquid crystal molecules due to the
birefringence characteristics of the liquid crystal molecules,
and in particular, a yellow shift is observed in a short axis
direction of the liquid crystal molecules, and a blue shift is
observed in a longer axis direction of the liquid crystal mol-
ecules. Thus, the birefringence value can be compensated by
appropriately disposing the shorter and longer axis of the
liquid crystal molecules to reduce or remove the color shift.

[0081] Forexample, in case of the two-domain structure in
which liquid crystal molecules are symmetrically arranged,
as shown in FIG. 7, a birefringence value of al of the first
liquid crystal molecule 190« is compensated by that of a2 of
a second liquid crystal molecule 1905 having a molecule
arrangement in the opposite direction of the firstliquid crystal
molecule 190q, resulting in a birefringence value 0. In addi-
tion, a birefringence value of ¢l is compensated by c2.
Accordingly, the color shift phenomenon due to the birefrin-
gence characteristics of the liquid crystal molecules can be
minimized to prevent degradation of picture quality accord-
ing to the viewing angle.

[0082] Here, in the IPS mode LCD according to the first
embodiment of the present invention, the single common line
is formed in the pixel area, but the present invention is not
limited thereto. Namely, two or more common lines may be
designed according to resistance of the common lines. An IPS
mode LCD having two common lines according to a second
embodiment of the present invention will now be described in
detail with reference to FIG. 8.

[0083] FIG. 8is aplan view sequentially showing a portion
of an array substrate of an IPS mode LCD according to a
second embodiment of the present invention, which includes
the same elements as those of the array substrate of the IPS
mode LCD according to the first embodiment of the present
invention, except that it includes two common lines.

[0084] As illustrated, in the second embodiment of the
present invention, gate lines 216 and data lines 217 are
formed to be arranged vertically and horizontally, respec-
tively, to define a pixel region on an array substrate 210, and
aTFT (T), a switching element, is formed at a crossing of the
gate line 216 and the data line 217.

[0085] The TFT (T) includes a gate electrode 221 forming
a portion of the gate line 216, a source electrode 222 con-
nected with the data line 217 and a drain electrode 223 con-
nected to a pixel electrode 218. The TFT (T) further includes
a first insulating layer (not shown) for insulating the gate
electrodes 221 and the source and drain electrodes 222 and
223, and an active pattern (not shown) forming a conductive
channel between the source and drain electrodes 222 and 223
by a gate voltage supplied to the gate electrode 221.

[0086] Common electrodes 208, 2084, 208a' and pixel
electrodes 218 are alternately formed to generate an in-plane
field in the pixel area, and a pair of outermost common elec-
trodes 208a and 2084' are formed at edges of the pixel area.
Among the common electrodes 208, 208a and 208'a, the
outermost common electrodes 2084 and 208" overlap with a
pair of lower storage electrodes 2184 and 2184/, respectively,
to form first and second storage capacitors Cstl and Cst2 with
first and second insulating layers (not shown) interposed
between the outermost common electrodes 208a and 2084’
and the lower storage electrodes 218a and 218¢". Further, the
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common electrodes 208, 208a and 208¢' and the pixel elec-
trodes 218 are arranged to be substantially parallel to the data
line 217.

[0087] Here, a first connection line 208L is disposed at one
end of the common electrodes 208, 2084 and 208a', being
substantially parallel to the gate line 216 and connecting the
one end of the common electrodes 208, 2082 and 2084'. A
second connection line 218L is formed at one end of the pixel
electrodes 218, connecting one side of the pixel electrodes
218, and s electrically connected with the drain electrode 223
and the pair of storage electrodes 218a and 218a' via a first
contact hole 240a and a pair of second contactholes 2405 and
2404, respectively, formed at the second insulating layer.
First and second common lines 2081 and 208I' according to
the second embodiment of the present invention are formed at
a lower portion of an arbitrary common electrode 208 in the
pixel area such that the first and second common lines 2081
and 208" are substantially parallel to the data line 217. In this
case, the first and second common lines 2081 and 208I' are
made of the same conductive material as that of the data line
217 and formed on the layer on which the data line 217 is
formed. In addition, the first and second common lines 2081
and 208T' are electrically connected with the first connection
line 208L via third contact holes 240c and 240¢', respectively,
formed at the second insulating layer to supply a common
voltage to the first connection line 208L and the common
electrodes 208, 2084, 2084’

[0088] Further, at an edge portion of the array substrate
210, there are formed a gate pad electrode 226p and a data pad
electrode 227p electrically connected with the gate line 216
and the data line 217, respectively, and transferring a scan
signal and a data signal applied from an external driving
circuit unit to the gate line 216 and the data line 217. Namely,
the data line 217 and the gate line 216 extend to the driving
circuit unit so as to be connected with a data pad line 217p and
a gate pad line 216p, respectively, and the data pad line 217p
and the gate pad line 216p receive a data signal and a scan
signal from the driving circuit unit via the data pad electrode
227p and the gate pad electrode 226p electrically connected
via fourth and fifth contact holes 2404 and 240e.

[0089] In addition, as described above, the IPS mode LCD
according to the first and second embodiments of the present
invention, the first and second outermost common electrodes
and the first and second storage electrodes are formed at left
and right edge portions of the pixel area to form the first and
second storage capacities, but without being limited thereto,
the present invention can be applicable to a case where the
storage electrode is formed only at one edge portion of the
pixel area to form only a single storage capacitor.

[0090] FIG.9is aplan view sequentially showing a portion
of an array substrate of an IPS mode L.CD according to a third
embodiment of the present invention, which includes the
same elements as those of the array substrate in the IPS mode
LCD according to the first embodiment of the present inven-
tion, except that one of the storage electrodes is formed only
at edge portion of the pixel area to form a single storage
capacitor.

[0091] As illustrated, in the third embodiment of the
present invention, gate lines 316 and data lines 317 are
formed to be arranged vertically and horizontally to define a
pixel region on an array substrate 310, and a TFT (T), a
switching element, is formed at a crossing of the gate line 316
and the data line 317.
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[0092] The TFT (T) includes a gate electrode 321 forming
a portion of the gate line 316, a source electrode 322 con-
nected with the data line 317 and a drain electrode 323 con-
nected to a pixel electrode 318. The TFT (T) further includes
a first insulating layer (not shown) for insulating the gate
electrodes 321 and the source and drain electrodes 322 and
323, and an active pattern (not shown) forming a conductive
channel between the source and drain electrodes 322 and 323
by a gate voltage supplied to the gate electrode 321.

[0093] Common electrodes 308, 3084, 308a' and pixel
electrodes 318 are alternately formed to generate an in-plane
field in the pixel area, and an outermost common electrode
308¢ is formed at a left edge of the pixel area Among the
common electrodes 308, 308a and 308a', the outermost com-
mon electrode 3084 overlaps with a lower storage electrode
318a to form a storage capacitor Cst with first and second
insulating layers (not shown) interposed between the outer-
most common electrode 308a and the lower storage electrode
318a.

[0094] Inthe IPS mode LCD according to the third embodi-
ment of the present invention, because the storage electrode
318a is formed only at one edge of the pixel electrode, the
aperture ratio of the pixel area can be further improved.
[0095] Here, a first connection line 308L disposed at one
end of the common electrodes 308, 3084 and 3084', being
substantially parallel to the gate line 316 and connecting the
one end of the common electrodes 308, 308z and 3084'. A
second connection line 318L is formed at one end of the pixel
electrodes 318, connecting one side of the pixel electrodes
318, and electrically connected with the drain electrode 323
and the storage electrode 318a via first and second contact
holes 340a and 3405 formed at the second insulating layer.
[0096] A common line 3081 according to the third embodi-
ment of the present invention is formed at a lower portion of
an arbitrary common electrode 308 in the pixel area such that
the common line 3081 is substantially parallel to the data line
317. In this case, the common line 3081 is electrically con-
nected with the first connection line 308L via a third contact
hole 340c formed at the second insulating layer to supply a
common voltage to the first connection line 308L and the
common electrodes 308, 308a, 308a".

[0097] Further, at an edge portion of the array substrate
310, there are formed a gate pad electrode 326p and a data pad
electrode 327p electrically connected with the gate line 316
and the data line 317, respectively, and transferring a scan
signal and a data signal applied from an external driving
circuit unit to the gate line 316 and the data line 317. Namely,
the data line 317 and the gate line 316 extend to the driving
circuit unit so as to be connected with a data pad line 317p and
a gate pad line 316p, respectively, and the data pad line 317p
and the gate pad line 316p receive a data signal and a scan
signal from the driving circuit unit via the data pad electrode
327p and the gate pad electrode 326p electrically connected
via fourth and fifth contact holes 3404 and 340e.

[0098] The array substrates according to the first to third
embodiments of the present invention may be attached with
color filter substrates in a facing manner by means of a sealant
applied to outer edges of the image display part. Then, the
color filter substrates include black matrixes for preventing
leakage of light to the TFTs, the gate lines and the data lines,
and color filters for implementing red, green and blue colors.
However, the present invention is not limited to applying the
color filter substrates as discussed above, but rather other
methods or structure can be used to generate color. The



US 2009/0102994 A1

attachment of the color filter substrates and the array sub-
strates may be made through attachment keys formed on the
color filter substrates or the array substrates. However, the
attachment of the color filter substrates and the array sub-
strates can be made via other means.

[0099] The present invention can be also applied to various
other devices fabricated by using TFTs, for example, an
OLED (Organic Light Emitting Diode) display device in
which OLEDs are connected with driving transistors.

[0100] As thepresent invention may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.

What is claimed is:
1. An in-plane switching (IPS) mode liquid crystal display
(LCD), comprising:
gate lines arranged in a first direction on an array substrate;
data lines arranged in a second direction substantially per-
pendicular to the first direction, the gate lines and the
data lines defining pixel regions on the array substrate;

one or mote storage electrodes provided on the array sub-
strate;

common electrodes extending across each pixel region;

pixel electrodes arranged to be substantially parallel to the

common electrodes, the common electrodes and the
pixel electrodes being alternately arranged to generate
an in-plane field in each pixel region;

thin film transistors (TFTs) provided at intersection areas

of the gate lines and the data lines, each TFT including a
source electrode connected to the corresponding data
line, a drain electrode connected to the corresponding
pixel electrode and a gate electrode; and

at least one common line located under the respective com-

mon electrode in the pixel region, the common line
being substantially parallel to the data lines.

2. The IPS mode LCD of claim 1, wherein the common line
and the data line are made of the same conductive material
and the common line is provided on the layer on which the
data lines are formed.

3. The IPS mode LCD of claim 1, wherein the common line
traverses the corresponding gate line with an insulating layer
interposed between the common line and the gate line to
prevent the corresponding gate line from short-circuiting with
the common line.

4. The IPS mode LCD of claim 1, wherein a length of the
common line extending across an entire region of the IPS
mode LCD is shorter than a length of at least one of the gate
lines extending across the entire region of the IPS mode LCD.

5. The IPS mode LCD of claim 1, wherein the common
electrodes and the pixel electrodes are bent or curved at one or
more portions.

6. The IPS mode LCD of claim 1, wherein a first connec-
tion line is connected with the common electrodes, the first
connection line being substantially parallel to the gate lines.

7. The IPS mode LCD of claim 6, wherein a second con-
nection line is connected with the pixel electrodes, the second
connection line being electrically connected with the drain
electrode and the storage electrodes.
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8. The IPS mode LCD of claim 7, wherein the second
connection line is electrically connected with the drain elec-
trode and the storage electrodes via a first contact hole and
second contact holes, respectively.

9. The IPS mode LCD of claim 7, wherein at least one ofthe
common electrodes, the pixel electrodes, the first connection
line and the second connection line is made of a transparent
conductive material.

10. The IPS mode LCD of claim 1, wherein the common
electrodes includes outermost common electrodes provided
at edges of each pixel region.

11. The IPS mode LCD of claim 10, wherein the outermost
common electrodes overlap with storage electrodes to form
storage capacitors with first and second insulating layers
interposed between the outermost common electrodes and the
storage electrodes.

12. The IPS mode LCD of claim 6, wherein the common
line is electrically connected with the first connection line via
a third contact hole provided at a second insulating layer to
supply a common voltage to the first connection line and the
common electrodes.

13. The IPS mode LCD of ¢laim 1, wherein the at least one
common line includes first and second common lines pro-
vided under the respective common electrodes in the corre-
sponding pixel region, the first and second common lines
being substantially parallel to the data lines.

14. The IPS mode LCD of claim 1, wherein the one or more
storage electrodes constitute a single storage electrode pro-
vided at one edge portion of a pixel area to form a single
storage capacitor.

15. A method for fabricating an in-plane switching (IPS)
type liquid crystal display (LCD) device, comprising:

forming gate lines arranged in a first direction and data

lines arranged in a second direction substantially per-
pendicular to the first direction, the gate lines and the
data lines defining pixel regions on an array substrate;
forming a storage electrode on the array substrate;
forming common electrodes extending across each pixel
region;
forming pixel electrodes arranged to be substantially par-
allel to the common electrodes, the common electrodes
and the pixel electrodes being alternately arranged to
generate an in-plane field in each pixel region;

forming thin film transistors (TFTs) at intersection areas of

the gate lines and the data lines, each TFT including a
source electrode connected to the corresponding data
line, a drain electrode connected to the corresponding
pixel electrode and a gate electrode; and

forming a common line under one of the common elec-

trodes in the pixel region, the common line being sub-
stantially parallel to the data lines.

16. The method of claim 15, wherein the gate lines, the
storage electrode, and a gate pad line are formed by deposit-
ing a first conductive film on a surface of the array substrate
and selectively patterning the first conductive film through a
first photolithography process.

17. The method of ¢laim 15, wherein the source and drain
electrodes, the common line, the data line and a data pad line
are formed by forming a first insulating layer, an amorphous
silicon thin film, an n+ amorphous silicon thin film, and a
second conductive film on a surface of the array substrate with
the gate electrode, the gate line, the storage electrode and a
gate pad line formed thereon, and then selectively removing
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the amorphous silicon thin film, the n+ amorphous silicon
thin film, and the second conductive film through a second
photolithography process.

18. The method of claim 15, wherein a plurality of contact
holes exposing portions of the drain electrode, the storage
electrode, the common line, a data pad line and a gate pad line
are formed by forming a second insulating layer on a surface
of the array substrate with an active pattern, the source and
drain electrodes, the data line, a data pad line and the common
line formed thereon, and then selectively removing the sec-
ond insulating layer through a third photolithography pro-
cess.

19. The method of claim 15, wherein the common elec-
trodes, the pixel electrodes, a first and second connection
lines, a data pad electrode and a gate pad electrode are formed
on a second insulating layer by forming a third conductive
film made of a transparent conductive film on a surface of the
array substrate with first to fifth contact holes formed thereon,
and then selectively removing the third conductive film
through a fourth photolithography process.

20. A method for fabricating an IPS mode L.CD, compris-
ing:

forming a gate electrode and a gate line on a first substrate;

forming a first insulating layer on the first substrate;

forming an active pattern on the first substrate;
forming source and drain electrodes on the first substrate
and forming an data line crossing the gate line to define
a pixel area;

forming a storage electrode on the first substrate;

forming at least one common line in a direction substan-
tially parallel to the data line with in the pixel area of the
first substrate;
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forming a second insulating layer on the first substrate; and

forming a plurality of common electrodes and pixel elec-

trodes alternately disposed within the pixel area of the
firs substrate to generate an in-plane field, such that at
least one common electrode is positioned at an upper
portion of the common line.

21. The method of claim 20, further comprising:

forming a first connection line such that the first connection

line is arranged to be substantially parallel to the gate
line and connects one side of the common electrodes;
and

forming a second connection line such that the second

connection line is arranged to be substantially parallel to
the gate line and connects one side of the pixel elec-
trodes.

22. The method of claim 21, wherein the second connec-
tion line is electrically connected with the drain electrode via
a first contact hole and electrically connected with the storage
electrode via a second contact hole.

23. The method of claim 20, wherein the gate electrode, the
gate line and the storage electrode are formed of a first con-
ductive film, and

wherein the source and drain electrodes, the data line and

the common line are formed of a second conductive film.

24. The method of claim 20, wherein the storage electrode
1s formed at an edge of pixel area of the first substrate in a
direction substantially parallel to the data line, and overlap-
ping with the common electrode with the first and second
insulating layers interposed therebetween to form a storage
capacitor.
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