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IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. P2004-49777 filed in Korea on Jun. 29,
2004, 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 a liquid crystal dis-
play device and more particularly, to an in-plane switching
mode liquid crystal display device and a method for fabricat-
ing the same.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) device is commonly
used as a flat panel display device because it provides high
quality images and consumes low power. The LCD device is
formed by attaching face to face a thin film transistor array
substrate and a color filter substrate with a uniform gap
between the two substrates, and forming a liquid crystal layer
between the two substrates. Pixels are arranged on the thin
film transistor array substrate in a matrix. A thin film transis-
tor, a pixel electrode and a capacitor are formed in each pixel
region. A common electrode, an RGB color filter, and a black
matrix are formed on the color filter substrate. An electric
field is generated between the common electrode and the
pixel electrode and applied to the liquid crystal layer. The
RGB color filter implements colors.

[0006] Alignment films are formed at facing surfaces of the
thin film transistor array substrate and the color filter sub-
strate. The alignment films are rubbed to arrange the liquid
crystal layer in a specific direction. Liquid crystals rotate due
to a dielectric anisotropy when the electric field is applied to
the liquid crystal layer between the pixel electrode formed in
each pixel region and the common electrode formed on the
entire surface of the color filter substrate. The rotation of the
liquid crystals causes individual pixel regions to transmit or
block light for displaying letters or images.

[0007] However, such a twisted nematic mode LCD device
has a narrow viewing angle. Therefore, research is actively
ongoing in developing an in-plane switching (IPS) mode
LCD device to solve the viewing angle problem. In an IPS
mode LCD device, liquid crystal molecules are aligned nearly
parallel to a substrate.

[0008] FIG. 1A is a plane view of a pixel region of the
related art IPS-LCD device. FIG. 1B is a cross-sectional view
taken along line I-I' of FIG. 1A. Referring to FIGS. 1A and
1B, a gate line 1 and a data line 3 are arranged horizontally
and vertically on a transparent first substrate 10 to define a
pixel region. Although N gate lines 1 and M data lines 3 cross
each other to define NxM pixels in an actual LCD device,
only one pixel is illustrated in the drawing to simplify the
description.

[0009] A thin film transistor 9, including a gate electrode
1a, a semiconductor layer 5 and source/drain electrodes 2a
and 25, is disposed at the crossing of the gate line 1 and the
data line 3, and the gate electrode 1a and the source/drain
electrodes 2a and 2b are respectively electrically connected to
the gate line 1 and the dataline 3. A common line 4 is arranged
parallel to the gate line 1 within the pixel region, and at least
one pair of electrodes switching liquid crystal molecules,
namely, a common electrode 6 and a pixel electrode 7 are
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arranged parallel to the data line. The common electrode 6 is
formed simultaneously with the gate line 1 and electrically
connected to the common line 4. A gate insulation layer 8 is
formed over an entire substrate 10 including the common
electrode 6. The pixel electrode 7 is formed on the insulation
layer 8 simultaneously with the source/drain electrodes 2a/2b
and electrically connected to the drain electrode 25 of the thin
film transistor 9. A passivation film 11 is formed over the
entire substrate including the source/drain electrodes 2a and
2b. A pixel electrode line 14 overlapping the common line 4
and electrically connected to the pixel electrode 7 forms a
storage capacitance (Cst) with the insulation film 8 interposed
between the common line 4 and the pixel electrode line 14.
[0010] A black matrix 21 for preventing light leakage to the
thin film transistor 9, the gate line 1 and the data line 3, and a
color filter 23 are formed on a second substrate 20, and an
overcoat film (not shown) is applied on the coler filter 23 to
flatten the color filter 23. Alignment films 124 and 125 are
applied to facing surfaces of the first substrate 10 and the
second substrate 20. The alignment films 12a and 125 deter-
mine an initial alignment direction of the liquid crystals. A
liquid crystal layer 13 is formed between the first substrate 10
and the second substrate 20 in order to control transmittance
of light by a voltage applied to the common electrode 6 and
the pixel electrode 7.

[0011] The related art IPS-L.CD device having the above-
described structure improves viewing angle because the com-
mon electrode 6 and the pixel electrode 7 are placed on the
same substrate and generate an in-plane electric field. How-
ever, the IPS-LCD device has the following problems.
Because the common electrode 6 and the pixel electrode 7,
which is formed of an opaque metal, are placed within the
pixel region where an image is displayed, and brightness
degraded.

[0012] Furthermore, an in-plane electric field is not nor-
mally formed within the pixel region because of signal inter-
ference between the data line 3 and the pixel electrode 7. The
aperture is reduced when the width of the common electrode
6 adjacent to the data line 3 is increased to prevent signal
interference between the data line 3 and the pixel electrode 7.
Specifically, a data signal supplied to the data line 3 may
affect the pixel electrode 7 adjacent to the data line 3, which
causes a distortion of the electric field. Particularly, if the
pixel electrode 7 is formed parallel to the data line 3 as shown
in FIG. 1A, the data line 3 causes strong signal interference
with the pixel electrode 7. To shield the signal interference
from the data line 3, a width of the outermost common elec-
trode 6 adjacent to the data line 3 is increased. Accordingly,
the aperture ratio is reduced.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display device and a
method for fabricating the same that substantially obviate one
or more of the problems due to limitations and disadvantages
of the related art.

[0014] An object of the present invention is to provide an
in-plane switching mode liquid crystal display device and a
method for fabricating the same that improve an aperture ratio
of the liquid crystal display device.

[0015] Another object of the present invention is to provide
an in-plane switching mode liquid crystal display device and
a method for fabricating the same capable of improving
image quality.
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[0016] Another object of the present invention is to mini-
mize a signal interference in an in-plane switching mode
liquid crystal display device

[0017] Another object of the present invention is to provide
a method for fabricating an in-plane switching mode liquid
crystal display device with a reduction in a signal interfer-
ence.

[0018] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, an in-plane switching mode
liquid crystal display device includes a first substrate; a gate
line disposed in a first direction on the first substrate; a data
line disposed in a second direction on the first substrate, the
data line crossing the gate line to define a pixel region; pixel
electrodes and common electrodes disposed in the first direc-
tion in the pixel region, the pixel electrodes and the common
electrodes generating an in-plane electric field within the
pixel region; first and second common lines disposed parallel
to the data line at right and left sides of the pixel region; a first
common electrode connection line connecting at least two
common electrodes and forming a first common electrode
overlapping region by overlapping the first common line; and
a second common electrode connection line connecting at
least two other common electrodes and forming a second
common electrode overlapping region by overlapping the
second common line, wherein the first common electrode
overlapping region and the second common electrode over-
lapping region have substantially the same area.

[0019] Inanotheraspect,anin-plane switching mode liquid
crystal display device includes a first substrate; a gate line
disposed in a first direction on the first substrate; a data line
disposed in a second direction on the first substrate, the data
line crossing the gate line to define a pixel region, including a
first pixel region and a second pixel region; one or more first
pixel electrode and one or more first common electrode
inclined with respect to the first direction and generating a
first in-plane electric field within the first region; one or more
second pixel electrode and one or more second common
electrode inclined with respect to the first direction and gen-
erating a second in-plane electric field within the second
region symmetrically to the first in-plane electric field with
respect to the first direction; first and second common lines
parallel to the data line at left and right sides of the pixel
region, respectively; a first common electrode connection line
overlapping the first common line of the first region and
connecting at least two first common electrodes; a second
common electrode connection line overlapping the second
common line of the second region and connecting at least two
second common electrodes; a first pixel electrode connection
line overlapping the second common line of the first region
and connecting at least two first pixel electrodes; and a second
pixel electrode connection line overlapping the first common
line of the second region and connecting at least two second
pixel electrodes; wherein a first common electrode overlap-
ping region of the first common line and the first common
electrode connection line and a second common electrode
overlapping region of the second common line and the second
common electrode connection line have the same area, and a
first pixel electrode overlapping region of the second com-
mon line and the first pixel electrode connection line and a
second pixel electrode overlapping region of the first com-
mon line and the second pixel electrode connection line have
the same area.
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[0020] TItis to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0022] In the drawings:

[0023] FIG. 1A is a plane view of a pixel region of a related
art IPS-LCD device;

[0024] FIG. 1B is a cross-sectional view taken along line
I-I' of FIG. 1A;
[0025] FIG.2A isaplane view of an exemplary pixel region

according to an embodiment of the present invention;
[0026] FIG. 2B is a cross-sectional view taken along line
1I-TF of FIG. 2A;

[0027] FIG. 3 is a plane view of an exemplary pixel region
according to another embodiment of the present invention;
[0028] FIG. 4A is an enlarged view of a region between the
dataline and the first common line of FIG. 2A when a rubbing
direction is perpendicular to a direction of the data line;
[0029] FIG. 4B is an enlarged view of a region between the
dataline and the first common line of FIG. 2A when a rubbing
direction is not perpendicular to a direction of the data line;
[0030] FIG. 5 is a plane view of an exemplary pixel region
according to another embodiment of the present invention;
[0031] FIG. 6 is a view for explaining compensation for a
viewing angle in accordance with an embodiment of the
present invention;

[0032] FIGS. 7A to 7D are plan views which illustrate an
exemplary process for fabricating the IPS-LCD device in
accordance with an embodiment of the present invention; and
[0033] FIGS. 8A to 8D are cross sectional views which
illustrate an exemplary process for fabricating the IPS-LCD
device in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0035] FIG.2A isaplane view of anexemplary pixel region
according to an embodiment of the present invention. FIG. 2B
is a cross-sectional view taken along line II-Ii' of FIG. 2A.
Referringto FIG. 2A, an IPS-L.CD device 100 includes one or
more gate line 101 arranged on a transparent first substrate
110 in a first direction and one or more data line 103 arranged
in a second direction, and a pixel region (P) is defined a
crossing of the one or more gate line 101 and the one or more
data line 103. A switching device TFT is formed at the cross-
ing of the gate line 101 and the data line 103. The switching
device TFT can be a thin film transistor, which includes a gate
electrode 1014, a semiconductor layer 105 formed on the gate
electrode 101a, and source and drain electrodes 102a and
1025 disposed on the semiconductor layer 105 and separated
from each other at a predetermined interval.

[0036] At least one pair of common and pixel electrodes
106 and 107 are formed within the pixel region (P) to generate
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an in-plane electric field. The common electrode 106 and the
pixel electrode 107 are disposed parallel to each other, and are
inclined at an inclination angle (6) with respect to the gate line
101. The inclination angle (0) of the common electrode 106
and the pixel electrode 107 is in a range of 0 <6<45°.

[0037] Although not shown in the drawing, the gate line
101 may also be inclined to be parallel to the common elec-
trode 106 and the pixel electrode 107. A rubbing direction
(indicated as an arrow on the drawing) is perpendicular to the
dataline 103. The rubbing direction will be described in detail
later.

[0038] First and second common lines 1094 and 1095 are
formed parallel to the one or more data line 103 at left and
right sides of the pixel region (P). The first common line 109a
and the second common line 1095 are electrically connected
by a connection line 109. The connection line 109 functions
as a common electrode within the pixel region (P). The con-
nection line 109 performs a function of connecting the first
common line 109a to the second common line 1095, and may
be disposed at any location within the pixel region (P).
[0039] FIG. 3 is a plane view of an exemplary pixel region
according to another embodiment of the present invention.
Referring to FIG. 3, the connection line 109 may be formed at
a lower portion of the pixel region (P). Because the LCD
device shown in FIG. 3 has a similar structure as to the LCD
device of FIG. 2A, the same reference numerals are used for
same or like parts and the description thereof will be omitted.
In each of the LCD devices of FIG. 2 and FIG. 3, the connec-
tion line 109 connecting the first common line 109a with the
second common line 1095 is located within the pixel region
(P). The connection line 109 is disposed at an upper portion of
the pixel region in FIG. 2A, while the connection line 109 is
disposed at a lower portion of the pixel region of FIG. 3.
[0040] Referring back to FIG. 2A, the first and second
common lines 109a and 1095 supply a common signal to the
common electrode 106 and effectively block a signal from the
data line 103 to prevent the in-plane electric field from being
distorted by interference with the data signal. Specifically, the
data signal supplied to the data line 103 may affect the pixel
electrode 107 adjacent to the data line 103, which may cause
distortion of the electric field. However, the signal interfer-
ence caused by the data line 103 can be reduced because the
pixel electrode 107 has an inclination angle with respect to the
data line 103. Accordingly, narrower widths of the first and
second common lines 1094 and 1095 adjacent to the data line
103, compared to the related art, may be achieved, thus
increasing the aperture ratio.

[0041] A common electrode 106 placed toward an upper
side of the pixel region (P) has one side electrically connected
to a first common electrode connection line 116a. The first
common electrode connection line 116a overlaps the first
common line 109q to form a first common electrode overlap-
ping region (V1). Another common electrode 106 placed
toward a lower side of the pixel region (P) has one side
electrically connected to a second common electrode connec-
tion line 1165. The second common electrode connection line
11654 overlaps a second common line 1095 to form a second
common electrode overlapping region (V2). The first com-
mon electrode overlapping region (V1) and the second com-
mon electrode overlapping region (V2) have the same area.
Also, the first common electrode connection line 1164 is
electrically connected to the first common line 109a through
a first contact hole 119 formed at the first overlapping region
(V1), and the second common electrode connection line 1165
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is electrically connected to the second common line 1096
through a second contact hole 119 formed at the second
overlapping region (V2).

[0042] A pixel electrode 107 placed toward an upper side of
the pixel region (P) has one side electrically connected to a
first pixel electrode connection line 117a. The first pixel
electrode connection line 117a overlaps the second common
line 1095 to form a first pixel electrode overlapping region
(P1). Another pixel electrode 107 placed toward a lower side
of'the pixel region (P) has one side electrically connected to a
second pixel electrode connection line 1175. The second
pixel electrode connection line 1175 overlaps the first com-
mon line 1095 to form a second pixel electrode overlapping
region (P2). The first pixel electrode overlapping region (P1)
and the second pixel electrode overlapping region (P2) have
the same area.

[0043] The overlapping regions between the common elec-
trode connection line and the pixel electrode connection line,
respectively, with the common lines at the right and left sides
of'the pixel are identically formed. Thus, the data line equally
affects the right and left sides of the pixel. Specifically, if the
data line were to differently affect the right and left sides of
the pixel, image quality would be deteriorated by a difference
in signal interference between the data line and the right and
left sides. Accordingly, in an embodiment of the present
invention, the overlapping regions between the common elec-
trode connection line and the pixel electrode connection line,
respectively, with the common lines at the right and left sides
of the pixel region are identically formed, such that the data
line equally affects the right and left sides of the pixel region
to prevent the image quality degradation.

[0044] As shown in FIGS. 2A and 2B, a storage electrode
114 extending from the first pixel electrode connection line
117a has a first portion overlapping a front gate line 101 to
form a storage capacitor (Cst). A second portion of the storage
electrode 114 does not overlap the gate line 101 and expands
into the pixel region (P) to function as a pixel electrode that
generates an in-plane electric field within the pixel region
together with the adjacent connection line 109. The second
pixel electrode connection line 1175 overlaps a pattern 1024'
extending from the drain electrode 1026 of the thin film
transistor TFT and is electrically connected to the drain elec-
trode 1024 through a drain contact hole 129 formed at the
overlapping region.

[0045] As shown in the FIG. 2B, the data line 103 is formed
on a gate insulation film 108, and the common electrode 106
and the pixel electrode 107 are formed on a passivation film
111. Particularly, the common electrode 106 and the pixel
electrode 107 are formed of a transparent conductive material
suchas ITO (indium tin oxide) or IZO (indium zinc oxide). As
the common electrode 106 and the pixel electrode 107 are
formed of the transparent conductive material, an aperture
ratio may be improved in comparison with the related art.
Namely, in the related art, the common electrode and the pixel
electrode are formed of opaque metal, which results in reduc-
tion of an aperture ratio. However, the present invention may
improve the aperture ratio because both the common elec-
trode 106 and the pixel electrode 107 are made of a transpar-
ent conductive material.

[0046] Moreover, in embodiment of the present invention,
because the common electrode 106 and the pixel electrode
107 are formed on the same plane, on the passivation film 111,
a stronger electric field than that in the related art is generated
and applied to a liquid crystal layer between the two elec-
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trodes. Such a strong electric field enables higher switching
rate for the liquid crystal molecules within the liquid crystal
layer, which facilitates moving image display.

[0047] Thestorage electrode 114 overlaps the gate line 101
with the gate insulation film 108 and the passivation film 111
therebetween to forming the storage capacitor (Cst). A black
matrix 121 for preventing light leakage and a color filter 123
are formed on the second substrate 120. First and second
alignment films 112a and 1124 are applied on facing surfaces
of the first and second substrates 110 and 120. The first and
second alignment films 112a and 1125 determine an initial
alignment direction of a liquid crystal, and a liquid crystal
layer 113 is formed therebetween. The alignment direction of
the first alignment film 112a is perpendicular to the data line
103 and is inclined at a predetermined angle with respect to
the directions of the common electrode 106 and the pixel
electrode 107, such that light leakage at a region between the
data line 103, and the first and second common lines 109a and
1095 is prevented. Accordingly, an area occupied by the black
matrix 121 may be reduced. This will now be described in
more detail with reference to the drawings.

[0048] FIG.4A is an enlarged view of a region between the
data line and the first common line of FIG. 2A when a rubbing
direction is perpendicular to a direction of the data line. FIG.
4B is an enlarged view of a region between the data line and
the first common line of FIG. 2A when a rubbing direction is
not perpendicular to a direction of the data line. Here, the state
of a liquid crystal molecule when a voltage is not applied is
indicated by a dotted line, and the state of the liquid crystal
molecule when driven by an applied a voltage is indicated by
a solid line.

[0049] First, as shown in FIG. 4A, when the rubbing direc-
tion is perpendicular to the data line 103 and no voltage is
applied, the liquid crystal molecule 113a is arranged in the
rubbing direction of the alignment film and displays a black
state when the rubbing direction is parallel to a lower polar-
ization plate. When an applied voltage generates an electric
field, the liquid crystal molecule 113a is driven according to
the intensity of the applied voltage. Here, because a direction
of the generated electric field between the data line 103 and
the first common line 1094 is the same as the rubbing direc-
tion when the voltage has been applied thereto, the liquid
crystal molecule is substantially arranged parallel to the rub-
bing direction. Accordingly, in spite of the applied voltage, a
screen displays black.

[0050] In contrast, as shown in FIG. 4B, when the rubbing
direction is not perpendicular to the data line 103 and no
voltage is applied, the liquid crystal molecule 113a is
arranged along the rubbing direction and displays a black
image. However, when a voltage is applied to the data line 103
and the first common line 109a, an electric field is generated
between the data line 103 and the first common line 109a in a
direction perpendicular to the data line 103. Thus, the liquid
crystal molecule is driven along the direction of the electric
field and transmits light. Furthermore, ifthe rubbing direction
and the direction of the electric field form a 45° angle and the
liquid crystal molecule is driven parallel to the direction of the
electric field, a maximum transmittance may be obtained.
[0051] As shown in FIG. 4B, when the rubbing direction
does not coincide with the direction of an electric field
between the data line 103 and the first common line 109a,
light leakage occurs at a region between the data line 103 and
the first common line 109a. In order to prevent the light
leakage, a black matrix 121 should be formed on the second
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substrate 120. When the black matrix 121 is formed on the
second substrate 120, an alignment margin should be consid-
ered. Therefore, the black matrix 121 is formed wider than the
actual light leakage region, thus decreasing the aperture ratio.
[0052] In contrast, as shown in FIG. 4A, because the rub-
bing direction is set to coincide with the direction of the
electric field between the data line 103 and the first common
line 109a, light leakage does not occur at the region between
the data line 103 and the first common line 109a. Accordingly,
the black matrix formed on the second substrate may have a
minimum width without regard to an alignment margin for
covering the region between the data line and the common
line, thus increasing the aperture ratio.

[0053] In an embodiment of the present invention as illus-
trated in FIGS. 2A, 2B or FIGS. 3A, 3B, one portion of
another side of the common electrode 106 which does not
contact the first and second common electrode connection
lines 116a and 11654, and one portion of another side of the
pixel electrode 107 which does not contact the first and sec-
ond pixel electrode connection lines 117a and 1175 may be
bent at a predetermined angle (shown in FIG. 2A). Also, as
shown in FIG. 3, a portion (B') facing a bent portion (B) of the
common electrode 106 or the pixel electrode 107 may also be
inclined.

[0054] As shown in FIG. 2A, if one side of each of the
common electrode 106 and the pixel electrode 107 is simply
bent, the first and second common lines 109a and 1095 are
formed to be wider than the common electrode connection
lines 1164 and 1165 and the pixel electrode connection lines
117a and 1175. Also, widths of the first and second common
lines 109a and 1095 may be 8 um or smaller. In contrast, as
shown in FIG. 3, if an inclined surface (B') is formed at a
surface facing a bent portion (B), the first and second common
lines 109a and 1096 are formed to be narrower than the
common electrode connection lines 1164 and 1165 and the
pixel electrode connection lines 1174 and 1175.

[0055] By bending one portion of the electrodes or inclin-
ing a portion (B') facing a bent portion (B), electric field
distortion occurring at an outer edge of the pixel region,
namely, at both sides of a common electrode 106 and a pixel
electrode 107 is minimized in an in-plane electric field form-
ing region between the two electrodes 106 and 107. Specifi-
cally, an electric field formed at both sides of the common
electrode 106 and the pixel electrode 107 may be distorted
because these two electrodes are not disposed as parallel to
each other as they are in the center portion of the pixel. Such
a distortion in the electric field can cause an abnormal
arrangement of the liquid crystal molecules. Thus, to place
the two electrodes generating an in-plane electric field in this
region as parallel as possible, one portion of the pixel elec-
trode 107 or the common electrode 109 is bent or an inclined
surface (B') is formed at a region forming an electric field,
corresponding to a bent portion (B).

[0056] FIG. 5 is a plane view of an exemplary pixel region
according to another embodiment of the present invention. In
accordance with this embodiment of the present invention, a
two-domain structure is formed. In the two-domain structure,
a direction in which a liquid crystal is driven is symmetrical,
such that a color shift phenomenon may be minimized by
offsetting abnormal light due to a birefringence characteristic
of the liquid crystal. Also, the structure of FIG. 5 is substan-
tially similar to FIGS. 2A and 3, except for symmetrical
disposition of a common electrode and a pixel electrode at
upper and lower sides of the pixel region.
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[0057] As shown in FIG. 5, an IPS-LCD device 200
includes a gate line 201 arranged on a transparent first sub-
strate 210 in a first direction and a data line 203 arranged in a
second direction. A crossing of the gate line 201 and the data
line 203 defines a pixel region (P). First and second common
lines 2094 and 2095 are disposed parallel to the data line 203
atan outer edge of the pixel region (P). An x-axis perpendicu-
lar to the data line 203 and passing through a center of the
pixel region defines first pixel region ((1)) above the x-axis
and a second pixel region (@) below the x-axis.

[0058] At least one pair of a first common electrode 206a
and a first pixel electrode 207a generating an in-plane electric
field are formed in first pixel region (@). The first common
electrode 206a and the first pixel electrode 207a are inclined
at an inclination angle (6) with respect to the gate line 201.
The inclination angle (0) is within a range of 0<9<45°. The
gate line 201 may be inclined to be parallel to the first com-
mon electrode 206a and the first pixel electrode 207a. Also, a
first common line 209« electrically connected to one side of
the first common electrode 2064 and forming a first common
electrode overlapping region (V1) together with the first com-
mon line 209a is formed on the first common electrode 206a
of the first pixel region (@). A first pixel electrode connec-
tion line 217a electrically connected to one side of the first
pixel electrode 207a and forming a first pixel electrode over-
lapping region (P1) together with the first common line 2094
are formed on the second common electrode 2065. Also,
widths of the first and second common lines 209a, 2095 may
be 8 um or smaller.

[0059] At least one pair of a second common electrode
2065 and a second pixel electrode 2075 generating an in-
plane electric field are formed at the second pixel region (@).
The second common electrode 2065 and the second pixel
electrode 2075 are symmetrical to the first common electrode
206a and the first pixel electrode 207a disposed at the first
pixel region (@) on the basis of the x-axis. Namely, the
second common electrode 2065 and the second pixel elec-
trode 2074 are inclined at an inclination angle (0) with respect
to the x-axis, and the inclination angle (0) is the same as that
of the first common electrode 2064 and the first pixel elec-
trode 207a.

[0060] Also, a second common electrode connection line
216b electrically connected to one side of the second com-
mon electrode 2065 and forming a second common electrode
overlapping region (V2) together with the first common line
209a are formed on the first common electrode 2064 of the
second pixel region (@). A second pixel electrode connec-
tion line 2175 electrically connected to one side of the second
pixel electrode 2075 and forming a second pixel electrode
overlapping region (P2) together with the first common line
209a is formed on the second common electrode 2065. The
first common electrode overlapping region (V1) of the first
pixel region (@) and the second common electrode overlap-
ping region (V2) of the second pixel region (@) have the
same area, and the first pixel electrode overlapping region
(P1) of the first pixel region (@) and the second pixel elec-
trode overlapping region (P2) of the second pixel region (@)
have the same area.

[0061] By bending portions of the common electrodes 206a
and 2065 and the pixel electrodes 207a and 2075, the image
quality may be improved. An inclined surface (B') may be
made at a surface facing a bent portion (B) of the electrode.
Here, when the inclined surface (B') is formed at the surface
facing the bent portion (B), the common lines 209a and 2095

Aug. 5,2010

should be wider than the common electrode connection lines
216a and 2165 and the pixel electrode connection lines 217a
and 2175.

[0062] As described above, in an embodiment of the
present invention, the disposition of the first common elec-
trode 2064 and the first pixel electrode 207a formed at the first
pixel region (@) is symmetrical to that of the second com-
mon electrode 2065 and the second pixel electrode 2075
formed at the second pixel region (@) to form a two-domain
structure. Accordingly, liquid crystal molecules of the first
pixel region (1)) and the second pixel region ((2)) are
arranged symmetrically.

[0063] A first storage electrode 214 extending from the first
pixel electrode connection line 217a forms a first storage
capacitor (Cstl) by overlapping a front gate line 201. An
extending pattern 215 protruding into the pixel region from
the first common line 2094 forms a second storage capacitor
(Cst2) at a boundary surface between the first pixel region
(@) and the second pixel region (@) together with a second
storage electrode 214' protruding from the pixel electrode
connection line and overlapping the extending pattern 215.
Accordingly, compared to the previous embodiments in
FIGS. 2A and 3, the second storage capacitor (Cst2) is
increased.

[0064] The storage capacitor Cst2 charges a gate voltage
while a gate signal is applied to the gate electrode. Then, the
charged voltage is maintained while a data voltage is applied
to the pixel electrode when the next gate line is driven, thereby
preventing a voltage fluctuation of the pixel electrode. Thus,
if the storage capacitor Cst2 is increased, flicker due to the
voltage fluctuation of the pixel electrode may be effectively
prevented.

[0065] FIG. 6 is a view for explaining compensation for a
viewing angle in accordance with an embodiment of the
present invention. As shown in FIG. 6, with the two-domain
structure in which liquid crystal molecules are arranged sym-
metrically, a birefringence value of al of a first liquid crystal
molecule 2134 is compensated by a birefringence value of a2
of'a second liquid crystal molecule 2135 arranged in a direc-
tion opposite to that of the first liquid crystal molecule 213a,
so that the birefringence value becomes about zero. Also, a
birefringence value of ¢1 is compensated by c2. Accordingly,
the color shift phenomenon due to the birefringence charac-
teristic of the liquid crystal is minimized, thereby preventing
deterioration of the image quality according to a viewing
angle.

[0066] As described above, in the IPS-LCD device in
accordance with an embodiment of the present invention, a
common electrode and a pixel electrode are formed of a
transparent material, an area occupied by a black matrix may
be minimized, and widths of the first and second common
lines disposed at an outer edge of the pixel may be minimized,
thus improving the aperture ratio. Furthermore, right and left
regions where the common electrode connection line and the
pixel electrode connection line overlap the common lines
disposed at both sides of the pixel region are formed identi-
cally, such that the data line equally affects right and left sides
of the pixel and accordingly, the image quality is improved.
Because of the equal influence of the data line on the right and
left sides of the pixel, image deterioration can also be pre-
vented. Furthermore, in an embodiment of the present inven-
tion, a two-domain structure is provided in which a common
electrode and a pixel electrode within one pixel are symmetri-
cal with respect to an x-axis, thereby improving a viewing
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angle characteristic. Although not shown in the drawing, two
pixels may formed a two-domain structure.

[0067] FIGS. 7A to 7D are plan views which illustrate an
exemplary process for fabricating the IPS-LCD device in
accordance with an embodiment of the present invention; and
FIGS. 8A to 8D are cross sectional views which illustrate an
exemplary process for fabricating the IPS-LCD device in
accordance with an embodiment of the present invention.
First, as shown in FIGS. 7A and 8A, a transparent first sub-
strate 310 is provided, then a first metal material, such as Cu,
Ti, Cr, Al, Mo, Ta or Al alloy, is deposited thereon and is
patterned to form a gate line 301, a gate electrode 301a, first
and second common lines 3094 and 3095 disposed perpen-
dicular to the gate line 301, and a connection line 309 elec-
trically connecting the first common line 3094 with the sec-
ond common line 3095. Then, SiNx, SiOx, or the like is
deposited on an entire surface of the substrate including the
gate line 301 and the common lines 3094, 3095 by a plasma
CVD method to form a gate insulation film 308.

[0068] AsshowninFIGS.7B and 8B, an amorphous silicon
and n+ amorphous silicon is stacked on the gate insulation
film 308, and then a second metal material such as Cu, Mo.Ta,
Al Cr, Ti, or Al alloy is deposited thereon and is patterned to
form a semiconductor layer 305 on the gate electrode 301a, a
data line 303 disposed perpendicular to the gate line 301 and
defining a pixel region together with the gate line 301, and
source/drain electrodes 302a/3025b separated at a predeter-
mined interval on the semiconductor layer 305 to form a thin
film transistor TFT. An extending pattern 3024' of the drain
electrode 3025 is also formed. Then, an inorganic substance,
such as SiNx, SiOx, or the like, or an organic substance, such
as benzocyclobutene, acryl, or the like, is applied on the
substrate 310, including the thin film transistor TFT, to form
a passivation film 311.

[0069] Then, as shown in FIGS. 7C and 8C, a first contact
hole 319 exposing the first and second common lines 309a
and 3095, and a second contact hole 329 exposing the extend-
ing pattern 3024' of the drain electrode 3025 are formed at
selected portions of the passivation film 311 and the gate
insulation film 308.

[0070] Then, as shown in FIGS. 7D and 8D, a transparent
conductive material, such as ITO (indium tin oxide) or IZO
(indium zinc oxide) is deposited on the passivation film 311
including the first and second contact holes 319 and 329, and
is patterned to form common electrodes 306 and pixel elec-
trodes 307 inclined with respect to the gate line 201 and for
generating an in-plane electric field within the pixel region.
Here, a first common electrode connection line 3164 and a
second common electrode connection line 3165 are also
formed. The first common electrode connection line 3164 is
electrically connected to one side of a common electrode 306
in an upper part of the pixel region. The first common elec-
trode connection line 3164 overlaps a first common line 309a
to form a first common electrode overlapping region (V1).
The second common electrode connection line 3165 is elec-
trically connected to one side of another common electrode
306 in a lower part of the pixel region. The second common
electrode connection line 3165 overlaps a second common
line 3095 to form a second common electrode overlapping
region (V2).

[0071] A first pixel electrode connection line 317a and a
second pixel electrode connection line 3175 are also formed.
The first pixel electrode connection line 317a is electrically
connected to one side of a pixel electrode 307 at an upper part
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of the pixel region. The first pixel electrode connection line
317a overlaps the first common line 309a to form a first pixel
electrode overlapping region (P1). The second pixel electrode
connection line 3175 is electrically connected to one side of
another pixel electrode 307 at a lower part of the pixel region.
The second pixel electrode connection line 3175 overlaps the
second common line 3095 to form a second pixel electrode
overlapping region (P2).

[0072] A storage electrode 314 extending from the first
pixel electrode connection line 317a and forming a storage
capacitor (Cst) by overlapping a front gate line 301 is also
formed. Portions of the pixel electrode 307 and the common
electrode 306 may have a bent structure, and although not
shown in the drawing, an inclined surface may be formed at a
region facing a bent portion (B). Then, a first alignment film
312a is formed on the first substrate 310. Then, an IPS-LCD
device is fabricated by attaching the first substrate 310 to a
second substrate 320, on which a black matrix 321, a color
filter 323, and a second alignment film 3125 are formed.
[0073] As described above, in an embodiment of the
present invention, an IPS-LCD device has a high aperture
ratio. Particularly, the aperture ratiois improved by forming a
common electrode and a pixel electrode of a transparent
conductive material. Also, The width of a common line that is
adjacent to a data line is reduced. Signal interference by the
data line is prevented because a common electrode and a pixel
electrode generating an in-plane electric field are formed in a
horizontal direction and are inclined with respect to a gate
line. In addition, the width of a black matrix for covering a
region between a data line and a common line adjacent to the
data line may be minimized because a rubbing direction is
perpendicular to the data line and thus, light leakage is pre-
vented at the region. Also, image quality is improved by
minimizing electric field distortion because one portion of a
common electrode or a pixel electrode is bent or a portion
facing a bent portion of the electrode is inclined.

[0074] It will be apparent to those skilled in the art that
various modifications and variations can be made in the in-
plane switching mode liquid crystal display device and the
method for fabricating the same of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover the modi-
fications and variations of this invention provided they come
within the scope of the appended claims and their equivalents.

1-21. (canceled)
22. An in-plane switching mode liquid crystal display
device comprising:

a first substrate;

a gate line disposed in a first direction on the first substrate;

a data line disposed in a second direction on the first sub-
strate, the data line crossing the gate line to define a pixel
region, including a first pixel region and a second pixel
region;

one or more first pixel electrode and one or more first
common electrode inclined with respect to the first
direction and generating a first in-plane electric field
within the first region;

one or more second pixel electrode and one or more second
common electrode inclined with respect to the first
direction and generating a second in-plane electric field
within the second region symmetrically to the first in-
plane electric field with respect to the first direction;

first and second common lines parallel to the data line at
left and right sides of the pixel region, respectively;
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a first common electrode connection line overlapping the
first common line of the first region and connecting at
least two first common electrodes;

a second common electrode connection line overlapping
the second common line of the second region and con-
necting at least two second common electrodes;

a first pixel electrode connection line overlapping the sec-
ond common line of the first region and connecting at
least two first pixel electrodes; and

a second pixel electrode connection line overlapping the
first common line of the second region and connecting at
least two second pixel electrodes;

wherein a first common electrode overlapping region of the
first common line and the first common electrode con-
nection line and a second common electrode overlap-
ping region of the second common line and the second
common electrode connection line have the same area,
and a first pixel electrode overlapping region of the
second common line and the first pixel electrode con-
nection line and a second pixel electrode overlapping
region of the first common line and the second pixel
electrode connection line have the same area.

23. The device of claim 22, wherein one side of at least one
of the first common electrode and the first pixel electrode is
bent.

24. The device of claim 22, wherein one side of at least one
of the second common electrode and the second pixel elec-
trode is bent.

25. The device of claim 24, wherein the first and second
common lines are wider than the first and second common
electrode connection lines and the first and second pixel elec-
trode connection lines.

26. The device of claim 25, wherein a region facing the bent
side is inclined.

27. The device of claim 22, wherein the first and second
common lines are wider than the first and second common
electrode connection lines and the first and second pixel elec-
trode connection lines.

28. The device of claim 22, wherein the first and second
common electrodes and the first and second pixel electrodes
are formed of a transparent conductive material.

29. The device of claim 28, wherein the transparent con-
ductive material is one of indium tin oxide (ITO) and I1ZO
(indium zinc oxide).

30. The device of claim 22, wherein a contact hole electri-
cally connects the first and second common lines with the first
and second common electrode connection lines.

31. The device of claim 22, wherein a rubbing direction of
the first substrate is parallel to the first direction.

32. The device of claim 22, further comprising a connec-
tion line electrically connecting the first common line with
the second common line.

33. The device of claim 32, wherein the connection line is
placed at the first region.

34. The device of claim 32, wherein the connection line is
placed at the second region.

35. The device of claim 22, further comprising a storage
electrode extending from the first pixel electrode connection
line and forming a storage capacitor by overlapping a front
gate line.

36. The device of claim 22, wherein the first and second
common lines are 8 um or smaller.

37. The device of claim 22, further comprising a second
substrate and

Aug. 5,2010

aliquid crystal layer formed between the first substrate and
the second substrate,

wherein the second substrate comprises a black matrix and
a color filter, and the black matrix has a minimum width
regardless of an alignment margin for covering a region
between the data line and the common line.

38. An in-plane switching mode liquid crystal display
device comprising:

a first substrate;

a gate line disposed in a first direction on the first substrate;

a data line disposed in a second direction on the first sub-
strate, the data line crossing the gate line to define a pixel
region;

pixel electrodes and common electrodes disposed in the
first direction in the pixel region, the pixel electrodes and
the common electrodes generating an in-plane electric
field within the pixel region;

a first common line disposed parallel to the data line at left
side of the pixel region;

a second common line disposed parallel to the data line at
right side of the pixel region;

a first common electrode connection line connecting at
least two common electrodes and forming a first com-
mon electrode overlapping region by overlapping the
first common line;

a second common electrode connection line connecting at
least two other common electrodes and forming a sec-
ond common electrode overlapping region by overlap-
ping the second common line;

a first pixel electrode connection line connecting at least two
pixel electrodes and forming a first pixel electrode overlap-
ping region by overlapping the first common line; and

a second pixel electrode connection line connecting at least
two other pixel electrodes and forming a second pixel
electrode overlapping region by overlapping the second
common line,

wherein the first common electrode overlapping region and
the second common electrode overlapping region have
substantially the same area, and the first pixel electrode
overlapping region and the second pixel electrode over-
lapping region have substantially the same area,

wherein the first common electrode overlapping region is
formed at the different area from that of the first pixel elec-
trode overlapping region, and wherein the second common
electrode overlapping region is formed at the different area
from that of the second pixel electrode overlapping region,
wherein one side of at least one of the common electrodes and
the pixel electrodes is bent, and a region facing the bent side
is inclined,

wherein the first and second common lines are narrower than
the common electrode connection line and the pixel electrode
connection line.

39. The device of claim 38, wherein the common elec-
trodes and the pixel electrodes are inclined with respect to of
the first direction.

40. The device of claim 39, wherein the commons elec-
trode and the pixel electrodes have an inclination of about 45°
or less with regard to the first direction.

41. The device of claim 38, wherein the common elec-
trodes and the pixel electrodes are formed on the same plane.
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42. The device of claim 38, wherein a contact hole electri-
cally connecting the first common line with the first common
electrode connection line and electrically connecting the sec-
ond common line with the second common electrode connec-
tion line is formed.

43. The device of claim 38, further comprising a second
substrate and a liquid crystal layer formed between the first
substrate and the second substrate, wherein the second sub-
strate comprises a black matrix and a color filter,

wherein a rubbing direction of the first substrate is parallel
to the first direction and thereby the black matrix has a
minimum width regardless of an alignment margin for
covering a region between the data line and the common
line.
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44. The device of claim 38, further comprising a connec-
tion line electrically connecting the first and second common
lines.

45. The device of claim 44, wherein the connection line is
placed at an upper portion of the pixel region.

46. The device of claim 44, wherein the connection line is
placed at a lower portion of the pixel region.

47. The device of claim 38, further comprising a storage
electrode extending from the pixel electrode connection line
and forming a storage capacitor by overlapping a front gate
line.

48. The device of claim 38, wherein widths of the first and
second common lines are 8 um or smaller.
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