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7) ABSTRACT

A liquid crystal panel for in-plane switching (IPS) mode
liquid crystal display device has a common electrode and a
pixel electrode made of transparent conductive material to
increase an aperture ratio and brightness. Second common
electrodes and second pixel electrodes are formed in sub-
stantially zigzag patterns, which results in a symmetric
alignment of liquid crystal in order to increase a viewing
angle and a color shift. A black matrix may be formed on an
upper substrate independent of a gate line and a data line or
the black matrix may be formed by extending the gate line
or the data line.
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LIQUID CRYSTAL PANEL FOR IPS MODE LIQUID
CRYSTAL DISPLAY DEVICE AND METHOD FOR
FABRICATING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2000-76879, filed on Dec. 15, 2000
in Korea, which is hereby incorporated by reference as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly to a liquid
crystal panel for a liquid crystal display device implement-
ing In-Plane Switching (IPS) wherein electric field applied
to liquid crystal is generated in a plane parallel to a substrate.

[0004] 2. Discussion of the Related Art

[0005] A typical liquid crystal display (LCD) device uses
optical anisotropy and polarization properties of liquid crys-
tal molecules. The liquid crystal molecules have a definite
orientation order in alignment resulting from their thin and
long shapes. The alignment direction of the liquid crystal
molecules can be controlled by supplying an electric field to
the liquid crystal molecules. In other words, as the alignment
direction of the electric field is changed, the alignment of the
liquid crystal molecules also changes. Because incident light
is refracted to the orientation of the liquid crystal molecules
due to the optical anisotropy of the aligned liquid crystal
molecules, image data is displayed.

[0006] By now, active matrix .CDs, in which the thin film
transistors and the pixel electrodes are arranged in the form
of a matrix, are widely used because of their high resolution
and superiority in displaying moving images.

[0007] FIG. 1is an exploded perspective view illustrating
a typical liquid crystal display device. As shown in the
figure, the typical liquid crystal display device includes an
upper substrate 5 and a lower substrate 22 and a liquid
crystal layer 14 interposed between the upper and lower
substrate. A color filter 7 including black matrices 6 and
sub-filters 8 are formed on the upper substrate 5, and a
transparent common electrode 18 is formed on the color
filter 7. On the other hand, a pixel region “P”, a pixel
electrode 17 in the pixel region “P” and an array line
including switching element, i.e., thin film transistor, are
formed on the lower substrate 22. The lower substrate 22 is
referred to as an array substrate 22 and a plurality of thin film
transistors “T7, i.e., switching element, is formed at every
crossing of horizontal gate lines 13 and vertical data lines 15
in a form of an array matrix. The pixel region “P” is defined
by a gate line 13 and a data line 15 crossing each other. A
transparent conductive material such as indium tin oxide
(ITO) is used for the pixel electrode 17 formed in the pixel
region “P”. The liquid crystal layer 14 comes to be aligned
according to a signal applied thereto by the thin film
transistor “T”. An image may be displayed by controlling an
amount of light transmitting the liquid crystal layer 14
according to the alignment of the liquid crystal layer.

[0008] The above-mentioned liquid crystal display device,
in which the liquid crystal is aligned by an electric field
applied vertically, has advantages of high transmittance and
high aperture ratio. Furthermore, since the common elec-

1. Field of the Invention
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trode on the upper substrate serves as an electrical ground,
the liquid crystal is protected from a static electricity.
However, the above-mentioned liquid crystal display device
applying the electric field vertically to the liquid crystal has
a disadvantage of a narrow viewing angle. To overcome the
narrow viewing angle, an in-plane switching (IPS) LCD
panel was developed. The IPS LCD panel implements an
electric field that is parallel to the substrates, which is
different from the Twisted Nematic (TN) or Super Twisted
Nematic (STN) LCD panel. A detailed explanation about
operation modes of a typical IPS LCD panel will be pro-
vided with reference to FIGS. 2, 3A, 3B, and 4.

[0009] As shown in FIG. 2, the upper and lower substrates
5 and 22 are spaced apart from each other, and a liquid
crystal is interposed therebetween. The upper and lower
substrates § and 22 are called a color filter substrate and an
array substrate, respectively. Pixel and common electrodes
17 and 18 are disposed on the lower substrate 22. The pixel
and common electrodes 17 and 18 are parallel with each
other and spaced apart from each other. The liquid crystal 14
is aligned by a lateral electric field between the pixel and
common electrodes 17 and 18.

[0010] FIGS. 3A 10 3B are views illustrating operations of
the liquid crystal for IPS mode at on and off state of a voltage
applied. FIG. 3A conceptually illustrates “off state” opera-
tion modes for a typical IPS LCD device. In the off state, the
long axes of the liquid crystal molecules maintain a definite
angle with respect to a line that is perpendicular to the pixel
and common electrodes 17 and 18. The pixel and common
electrode 17 and 18 are parallel with each other. Herein, the
angle difference is 45 degrees, for example.

[0011] FIG. 3B conceptually illustrates “on state” opera-
tion modes for the typical IPS LCD device. In the on state,
an in-plane electric field, which is parallel with the surface
of the lower substrate 22, is generated between the pixel and
common electrodes 17 and 18. The reason is that the pixel
electrode 17 and common electrode 18 are formed together
on the lower substrate 22. The liquid crystal molecules are
twisted such that the long axes thereof coincide with the
electric field direction. Thereby, the liquid crystal molecules
are aligned such that the long axes thereof are perpendicular
to the pixel and common electrodes 17 and 18.

[0012] The IPS LCD device uses the lateral electric field
35 because the pixel and common electrodes are formed on
the same substrate. The IPS LCD device has a wide viewing
angle and low color dispersion. Specifically, the viewing
angle of the IPS LCD device is about 70 degrees in direction
of up, down, right, and left. In addition, the fabricating
processes of this IPS LCD device are simpler than other
various LCD devices. However, because the pixel and
common electrodes 17 and 18 are disposed on the same
plane of the lower substrate, the transmittance and aperture
ratio are low. In addition, the IPS LCD device has disad-
vantages of a relatively slow response time and a relatively
small alignment margin of a cell gap. Because of the small
alignment margin of a cell gap, the IPS L.CD device needs
a uniform cell gap. The IPS LCD device has the above-
mentioned advantages and disadvantages. Users may or may
not select an IPS LCD device depending on the intended use.

[0013] Now, with reference to FIGS. 4, and 5A to 5D, a
fabricating process for a conventional IPS LCD device is
provided. FIG. 4 is a plan view illustrating a unit pixel
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region “P” of a conventional IPS LCD device. As shown, a
gate line 50 and a common line 54 are arranged parallel to
each other, and a data line 60 is arranged perpendicular to
the gate and common lines 50 and 54. Near a cross point of
the gate and data lines 50 and 60, a gate clectrode 52 and a
source electrode 62 are disposed. The gate and source
electrodes 52 and 62 integrally communicate with the gate
line 50 and the data line 60, respectively. The source
electrode 62 overlaps a portion of the gate electrode 52. In
addition, a drain electrode 64 is disposed opposite to the
source electrode 62 with an interval between the source and
drain electrodes.

[0014] A plurality of common electrodes 54 are disposed
perpendicular to the common line 54 and connected to the
common line 54. The plurality of common electrodes 54a
are spaced apart from each other with an equal interval
between. A first connecting line 66 integrally communicates
with the drain electrode 64. A plurality of pixel electrodes
66a are disposed perpendicular to the first connecting line
66. First ends of the pixel electrodes 664 are connected with
the first connecting line 66, and the second ends of the pixel
electrodes 66a are connected with a second connecting line
68 that is disposed over the common line 54. The plurality
of common electrodes 54a and the pixel electrodes 66a are
spaced apart from each other and arranged in an alternating
pattern. Therefore, each common electrode 544 is parallel to
an adjacent pixel electrode 66a.

[0015] FIGS. 5A to 5D are cross-sectional views taken
along “V-V” of FIG. 4 illustrating a sequence of fabricating
processes for an array substrate 22 of the above-mentioned
IPS LCD device.

[0016] In FIG. 5A, a first metal layer is deposited on the
array substrate 22 and patterned to form the gate electrode
52 and the plurality of common electrodes 54a. The first
metal layer may be selected from a group consisting of
chromium (Cr), aluminum (Al), aluminum alloy (Al alloy),
for example.

[0017] InFIG. 5B, a gate insulating layer 70 is formed on
the array substrate 22 to cover the gate and common
electrodes 52 and 54a. An active layer 72 is formed on the
gate insulating layer 70 over the gate electrode 52. Silicon
nitride (SiNx), for example, may be used for the gate
insulating layer 70, while the active layer 72 includes an
amorphous silicon layer (not shown) and a doped amor-
phous silicon layer (not shown).

[0018] In FIG. 5C, a second metal layer is deposited and
patterned to form the source and drain electrodes 62 and 64
on the active layer 72 and the pixel electrodes 66a on the
gate insulating layer 70. The pixel electrodes 66a are spaced
apart from the adjacent common electrode 54a by a distance
“L”.

[0019] In FIG. 5D, a passivation layer 74 is formed to
cover the source, drain, and pixel electrodes 62, 64, and 664.
The passivation layer 74 serves to protect the source, drain,

and pixel electrodes 62, 64, and 66a from exterior humidity
or contaminants.

[0020] As described above, the common and pixel elec-
trodes 54a and 66a of the IPS LCD device are arranged in
the same plane such that an in-plane electric field is applied
parallel with the substrate 22. Though the IPS LCD device
has an advantage of a wide viewing angle, the aperture ratio
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and luminance of the IPS LCD panel are much lower than
that of the twisted nematic (TN) or super twisted nematic
(STN) LCD device.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to an
in-plane switching (IPS) mode liquid crystal display device
and a method for fabricating the same that substantially
obviates one or more of problems due to limitations and
disadvantages of the related art.

[0022] An advantage of the present invention is to provide
an in-plane switching liquid crystal display device that
improves an aperture ratio and brightness as well as a
viewing angle.

[0023] Another advantage of the present invention is to
provide a fabricating method for an in-plane switching
liquid crystal display device that improves the aperture ratio
and the brightness.

[0024] Another advantage of the present invention is to
provide an in-plane switching liquid crystal display device
that further improves the aperture ratio and the brightness.

[0025] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0026] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an in-plane switching
liquid crystal display device comprises first and second
substrates, a gate line and a data line defining a pixel region
on the first substrate, a common line on the first substrate, a
thin film transistor at a crossing portion between the gate line
and the data line, a first pixel electrode and a plurality of
second pixel electrodes on the first substrate, a first common
electrode and a plurality of second common electrodes on
the first substrate, a black matrix layer on the second
substrate, the black matrix layer having a substantially
rectangular shape and being formed between the first pixel
electrode and one end of the second common electrode and
a liquid crystal layer between the first substrate and the
second substrate. The common line is partially overlapped
with the data line. The thin film transistor includes gate,
source, and drain electrodes. The pixel and common elec-
trodes include a transparent conductive material. The trans-
parent conductive material is one of indium tin oxide (ITO)
and indium zinc oxide (IZO). The common line and the data
line have a zigzag shape. The pixel and common electrodes
have a substantially zigzag shape. The black matrix layer is
formed between one end of the second pixel electrode and
the first common electrode. The in-plane switching liquid
crystal display device further includes a storage capacitor on
the gate line. The in-plane switching liquid crystal display
device further includes a passivation layer on the thin film
transistor. The common and pixel electrodes are formed on
the passivation layer.

[0027] 1In another aspect, a method for fabricating an
in-plane switching liquid crystal display device includes the
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steps of forming a gate line and a data line defining a pixel
region on a first substrate, forming a common line on the first
substrate, forming a thin film transistor at a crossing portion
between the gate line and the data line, forming a first pixel
electrode and a plurality of second pixel electrodes on the
first substrate, forming a first common electrode and a
plurality of second common electrodes on the first substrate,
forming a black matrix layer on the second substrate, the
black matrix layer having a substantially rectangular shape
and being formed between the first pixel electrode and one
end of the second common electrode and forming a liquid
crystal layer between the first and second substrates. The
pixel and common electrodes include a transparent conduc-
tive material. The transparent conductive material is one of
indium tin oxide (ITO) and indium zinc oxide (IZO). The
common line and the data line have a substantially zigzag
shape. The pixel and common electrodes have a substan-
tially zigzag shape. The black matrix layer is formed
between one end of the second pixel electrode and the first
common electrode. The method for fabricating an in-plane
switching liquid crystal display device further includes the
step of forming a storage capacitor on the gate line. The
method for fabricating an in-plane switching liquid crystal
display device further includes the step of forming a passi-
vation layer on the thin film transistor. The common and
pixel electrodes are formed on the passivation layer.

[0028] 1In another aspect, an in-plane switching liquid
crystal display device includes first and second substrates, a
gate line and a data line defining a pixel region on the first
substrate, a common line on the first substrate, a thin film
transistor at a crossing portion between the gate line and the
data line, a first pixel electrode and a plurality of second
pixel electrodes on the first substrate, a first common elec-
trode and a plurality of second common electrodes on the
first substrate, a black matrix layer on the first substrate, the
black matrix layer being formed between the first pixel
electrode and one end of the second common electrode and
a liquid crystal layer between the first substrate and the
second substrate. The common line is partially overlapped
with the data line. The thin film transistor includes gate,
source, and drain electrodes. The pixel and common elec-
trodes include a transparent conductive material. The trans-
parent conductive material is one of indium tin oxide (ITO)
and indium zine oxide (IZO). The common line and the data
line have a substantially zigzag shape. The pixel and com-
mon electrodes have a substantially zigzag shape. The black
matrix layer is formed between one end of the second pixel
electrode and the first common electrode. The black matrix
layer is formed on the same plane of the gate line. The black
matrix layer is formed on the same plane of the data line.
The in-plane switching liquid crystal display device further
comprises a passivation layer on the thin film transistor. The
common and pixel electrodes are formed on the passivation
layer.

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0031]

[0032] FIG. 1 is an exploded perspective view illustrating
a conventional liquid crystal panel for a color liquid crystal
display device;

[0033] FIG. 2 is a cross-sectional view illustrating a
conventional in-plane switching (IPS) mode liquid crystal
display device;

[0034] FIG.3A is a view illustrating an operation of liquid
crystal of the conventional in-plane switching (IPS) mode
liquid crystal display device in an off state;

[0035] FIG. 3B is a view illustrating an operation of liquid
crystal of the conventional in-plane switching (IPS) mode
liquid crystal display device in an on state;

[0036] FIG. 4 is a plan view illustrating a pixel of an array
substrate for the conventional in-plane switching (IPS) mode
liquid crystal display device;

[0037] FIGS. 5A to 5D are cross-sectional views taken
along V-V of FIG. 4 illustrating a fabricating sequence of an
array substrate for the conventional in-plane switching (IPS)
mode liquid crystal display device;

[0038] FIG. 6 is a plan view illustrating a part of an array
substrate according to a first embodiment of the present
invention;

[0039] FIG. 7 is an enlarged plan view illustrating a
region between a first pixel electrode and a second common
electrode where a disclination may be generated,

[0040] FIGS. 8A to 8C are cross-sectional views taken
along I-I, II-II, II-III of FIG. 6 illustrating a fabricating
sequence of an array substrate according to the present
invention;

[0041] FIG. 9 is a view illustrating a liquid crystal panel
according to the first embodiment of the present invention;
and

[0042] FIG.10is a plan view illustrating a part of an array
substrate according to another embodiment of the present
invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0043] Reference will now be made in detail to the illus-
trated embodiments of the present invention, which is illus-
trated in the accompanying drawings.

[0044] FIG. 6 is a plan view illustrating a part of an array
substrate according to a first embodiment of the present
invention. As shown in the context of the figure, horizontally
extended gate lines 113 and vertically extended data lines
115 define a pixel region “P” by crossing each other. The
data line 115 is formed in a substantially zigzag pattern. The
thin film transistor including a gate electrode 121, an active
layer 124, source and drain electrodes 123, 125 is formed at
the crossing of the gate line 113, and the data line 115. A
storage capacitor is formed over a part of the gate line 113.
The pixel electrode 131 includes a first pixel electrode 131a
contacting the drain electrode 125 and a plurality of second



US 2002/0085156 Al

pixel electrodes 1315 extending from the first pixel electrode
131a. The plurality of second pixel electrodes 131D is
formed in a substantially zigzag pattern roughly in parallel
with the data line 115. The first pixel electrode 131z is
spaced apart from the gate line 113 and parallel to the gate
line 113. One of the second pixel electrodes 1315 contacts
a second storage electrode 127 and thus constitutes the
storage capacitor “C” on the gate line 113. The common
electrode 133 and the common line 135 extended to the
common electrode are formed parallel to the pixel electrode
131. The common electrode 133 includes a first common
electrode 1334 and a plurality of second common electrodes
133b. The first common electrode 1334 is stemmed from the
common line 135 and parallel to the gate line 113. The
plurality of second common electrodes 133b extends
roughly perpendicularly from the first common electrode
1334 and is arranged in an alternating order with the second
pixel electrodes 1316 roughly in parallel with the data line
115. The common line 135, the common electrode 133 and
the pixel electrode 131 are formed on a same plane using
transparent conductive materials. Thus it is possible to
increase an aperture ratio. Electric field directions distrib-
uted by the common electrode 133 and the pixel electrode
131 in regions adjacent to the first common electrode 133a
and the first pixel electrode 1314 respectively show different
electric field distributions from those of other regions in a
pixel, and thus disclinations caused by abnormal alignments
of liquid crystal may be generated in these regions.

[0045] FIG. 7 is an enlarged plan view of “K” of FIG. 6
illustrating a region between a first pixel electrode 131a and
a second common electrode 133b where a disclination may
be generated. The common electrode 133 and the pixel
electrode 131 are made of same materials as shown in the
figure of the second common electrodes 133b and the second
pixel electrodes 131b spaced apart from each other. In
addition, a short should not occur between the pixel elec-
trodes 131 and the common electrodes 133. Accordingly,
there must be a space between the first pixel electrode 1314
and the end of the second common electrode 133 and
between the first common electrode 1334 and the end of the
second pixel electrode 1315 considering the short circuit
margin. Therefore, the direction of the electric field in the
regions between the first common electrode (not shown) and
the end of second pixel electrode (not shown) and between
the first pixel electrode 131a and the end of the second
common electrode 1335 is different from the direction of the
electric field distributed in the middle part of the pixel. The
direction of the electric ficld 141a, 1415 in both comers of
the space between the first pixel electrode 131 and the end
of the second common electrode 133h are symmetric as
shown in the figure. Because the liquid crystal molecules
have a tendency to rotate in a direction of small angle
between an axis of symmetry of the liquid crystal molecules
and the electric field, all of the liquid crystal molecules in the
middle part of the pixel are inclined to align in a same
direction. But the liquid crystal molecules 143a, 143b that
are adjacent to both comers of the second pixel electrode
1316 and the second common electrode 133b have a ten-
dency to align in mutually opposite directions, as shown in
the figure using arrows. Accordingly, one of the liquid
crystal molecules 1434, 143b adjacent to both comers of the
second pixel electrode may align in a different direction
from that of the liquid crystal in the middle part of the pixel.
Because transmission properties in the region where the
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liquid crystal is aligned abnormally are different from those
of other regions, the disclination is generated in this region.
Therefore, a black matrix 145 may be formed on the upper
substrate so that the black matrix can intercept light incident
in the region where the disclination is generated. The black
matrix 145 has substantially rectangular shaped protrusion
1454, as shown in FIG. 6, and the portion “M” of the black
matrix in FIG. 6 intercept the incident light in the region
where the disclination is generated. The protrusion 145a of
the black matrix 145 is substantially rectangular shaped, and
may be slanted to cover the area of disclination to prevent
light from passing through areas of disclination. For
example, the protrusion 145¢ may have the shape of a
parallelogram that is slanted with respect to the black matrix
145.

[0046] One of characteristics of the present invention is
that the common electrode 133 and the pixel electrode 131
are formed using transparent conductive materials. Accord-
ingly, because an area that can transmit the incident light can
be enlarged, a higher aperture ratio and a higher brightness
can be obtained. Because the pixel electrode 131 and the
common electrode 133 can be formed parallel in a same
plane with the same material, the fabricating process can be
simplified and a residual direct current (R-DC), which
causes a residual image, can be removed. In addition,
because the common electrode 133 and the pixel electrode
131 can be spaced with an uniform distance and thus an
uniform lateral electric field distribution can be obtained in
the whole pixel area, flicker caused by an irregular electric
field distribution can be prevented.

[0047] Another characteristic of the present invention is
that the common electrode 133 and the pixel electrode 131
are formed in substantially zigzag patterns. Accordingly, the
liquid crystal molecules in a pixel are not aligned in a same
direction, but in a symmetric directions and thereby multi-
domain can be obtained. A color shift phenomenon can be
minimized by offsetting abnormal light caused by birefrin-
gence properties of the liquid crystal using the symmetric
multi-domain structure.

[0048] Another characteristic of the present invention is
that the storage capacitor “C” connected in parallel to the
pixel electrode 131 is not formed on the common line 135
but on the gate line 113. Accordingly, because a line width
of the common line 135 can be reduced, the aperture ratio of
the liquid crystal panel can be further improved.

[0049] Another characteristic of the present invention is
that the black matrix is not formed widely over the gate line
and the common line, but the area of the black matrix is
minimized by placing the black matrix only over the gate
line and the first common electrode 1334 and extending the
black matrix over the regions where the liquid crystal is
aligned abnormally.

[0050] A fabricating sequence of the array substrate for a
in-plane switching (IPS) mode liquid crystal display device
will be described hereafter with reference to FIGS. 8A to
8C. FIGS. 8A to 8C are cross-sectional views taken along
I-I, II-I1, ITI-IIT of FIG. 6 illustrating a fabricating sequence
of an array substrate according to the present invention. As
shown in the figure, a gate line 113 is formed on the array
substrate 111. A part of the gate line 113 is used as the gate
electrode 121 in a first embodiment of the present invention.
A gate insulating layer 122 is then formed by coating or
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depositing an organic insulating material or an inorganic
insulating material on the gate line 113. The inorganic
insulating material is selected from a group consisting of
silicon oxide (Si0,) and silicon nitride (SiN,), for example
and the organic insulating material is selected from a group
consisting of benzocyclobutene (BCB) and acryl-based
resin, for example. An active layer 124 is then formed on the
gate insulating layer 122 using an amorphous silicon
(a-Si:H) and an ohmic contact layer 128 is subsequently
formed on the active layer using a doped amorphous silicon
(n+a-Si:H or p+a-Si:H). The ohmic contact layer 128 may be
alternatively formed by doping n+ ions or p+ ions on the
active layer 124.

[0051] As shown in FIG. 8B, a data line 115 and a source
and drain electrodes 123, 125 contacting the ohmic contact
layer 128 are formed by depositing a conductive material
selected from a group consisting of aluminum (Al), alumi-
num alloy (AINd), tungsten (W), molybdenum (Mo), for
example, on the array substrate and patterning it thereafter.
The source electrode 123 is formed by extending the data
line 115 from a crossing of the gate line 113 and the data line
115. The data line 115 is formed in substantially zigzag
pattern. A metal layer 127 of the same material as the source
and drain electrodes 123, 125 is formed on a part of the gate
line 113. This electrode 127 serves as a second electrode of
the storage capacitor “C”. A part of the ohmic contact layer
128 between the source and drain electrode 123, 125 is
removed. A passivation layer 137 is formed by coating or
depositing an organic insulating material or an inorganic
insulating material on the substrate. The inorganic insulating
material is selected from a group consisting of silicon oxide
(8i0,) and silicon nitride (SiNx), for example and the
organic insulating material is selected from a group consist-
ing of benzocyclobutene (BCB) and acryl-based resin, for
example. A drain contact hole 143 and a storage contact hole
145 exposing the drain electrode 125 and the second storage
electrode 127 respectively are formed by etching parts of the
passivation layer 137 on the drain electrode 125 and the
second storage electrode 127 respectively.

[0052] As shown in FIG. 8C, a pixel electrode 131, a
common line 135 and a common electrode 133 are formed
by depositing a transparent conductive material selected
from a group consisting of indium tin oxide (ITO) and
indium zinc oxide (IZO), for example on the passivation
layer 137 and patterning it thereafter. One end of the pixel
electrode 131 contacts the drain electrode 125, and the other
end of the pixel electrode contacts the second storage
electrode 127. The pixel electrode 131 includes a first pixel
electrode 131a contacting the drain electrode 125 spaced
apart from and substantially parallel to the gate line 113 and
a plurality of second pixel electrodes 1315 extending away
from the first pixel electrode 131a in a substantially zigzag
pattern. The common electrode 133 includes a first common
electrode 1334 and a plurality of second common electrodes
133b. The first common electrode 133a extends from the
common line 135 and parallel to the gate line 113. The
plurality of second common electrodes 133b extends away
from the first common electrode 133¢ and are arranged in an
alternating order with the second pixel electrodes 131b. The
common line 135 and one of the second common electrodes
133b partially overlap a part of the data line 115. The data
line 115 serves to prevent light from irradiating to the region
where the liquid crystal is aligned abnormally.
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[0053] As shown in FIG. 9, a black matrix 145 is formed
on the upper substrate 151 corresponding to the regions
between the first common electrode 133a and the end of the
second pixel electrode 1315 and between the first pixel
¢lectrode 131a and the end of the second common electrode
133b where the liquid crystal is aligned abnormally. The
black matrix is also formed over the thin film transistor and
the storage capacitor “C”, as shown in the figure. That is, a
plurality of projections extend from the upper and lower part
of the rectangular black matrix 145 covering the gate line
113 and the first common electrode 1334, Thus, the black
matrix has a substantially rectangular shape. The protrusions
are substantially rectangular-shaped. An aperture ratio can
be increased by forming the black matrix in this way as
compared with the method where the black matrix is widely
formed to cover the gate line, the common line and the
region where the liquid crystal is aligned abnormally.
Because the black matrix still needs to be formed over the
gate line according to the first embodiment of the present
invention, an alignment margin of the upper and lower
substrate should be considered.

[0054] The second embodiment of the present invention
that has an improved black matrix will be described here-
inafter with reference to FIG. 10. FIG. 10 is a plan view
illustrating a part of an array substrate according to another
embodiment of the present invention. As shown in the
figure, the black matrix 145 does not to cover the whole area
of the gate line 113 and the first common electrode 1334, but
covers only regions between the first pixel electrode 131a
and one end of the second common electrode 133 and
between the first common electrode 133a and one end of the
second pixel electrode 1315 where liquid crystal is aligned
abnormally. Because the black matrix 145 is not formed over
the gate line 113 and the first common electrode 133a, the
black matrix 145 may be formed by using the same material
as that of the gate line 113 or the data line 115 and by
patterning it simultaneously with the gate line or the data
line during the forming process of the gate line 113 or the
data line 115. The black matrix 145 may be formed by
extending the gate line 113 or the data line 115. Alterna-
tively, the black matrix 145 may be formed independent of
the gate line 113 and the data line 115. Because the black
matrix does not need to be formed on the upper substrate
according to this embodiment, the alignment margin does
not need to be considered. Furthermore, an improved aper-
ture ratio can be obtained. Accordingly, the present inven-
tion improves the brightness that was a weak point of
in-plane switching (IPS) mode liquid crystal display device.

[0055] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
fabrication and application of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:
1. An in-plane switching liquid crystal display device,
comprising;

first and second substrates;

a gate line and a data line defining a pixel region on the
first substrate;
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a common line on the first substrate;

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

a first pixel electrode and a plurality of second pixel
electrodes on the first substrate;

a first common electrode and a plurality of second com-
mon electrodes on the first substrate;

a black matrix layer on the second substrate, the black
matrix layer having a substantially rectangular shape
between the first pixel electrode and one end of the
second common electrode; and

a liquid crystal layer between the first substrate and the

second substrate.

2. The device of claim 1, wherein the common line is
partially overlapped by the data line.

3. The device of claim 1, wherein the thin film transistor
includes gate, source, and drain electrodes.

4. The device of claim 1, wherein the pixel and common
electrodes include a transparent conductive material.

5. The device of claim 4, wherein the transparent con-
ductive material is one of indium tin oxide (ITO) and indium
zine oxide (IZO).

6. The device of claim 1, wherein the common line and the
data line have a substantially zigzag shape.

7. The device of claim 1, wherein the pixel and common
electrodes have a substantially zigzag shape.

8. The device of claim 1, wherein the black matrix layer
is between one end of the second pixel electrode and the first
common electrode.

9. The device of claim 1, further comprising a storage
capacitor on the gate line.

10. The device of claim 1, further comprising a passiva-
tion layer on the thin film transistor.

11. The device of claim 10, wherein the common and
pixel electrodes are formed on the passivation layer.

12. A method for fabricating an in-plane switching liquid
crystal display device, comprising:

forming a gate line and a data line defining a pixel region
on a first substrate;

forming a common line on the first substrate;

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

forming a first pixel electrode and a plurality of second
pixel electrodes on the first substrate;

forming a first common electrode and a plurality of
second common electrodes on the first substrate;

forming a black matrix layer on the second substrate, the
black matrix layer having a substantially rectangular
shape between the first pixel electrode and one end of
the second common electrode; and

forming a liquid crystal layer between the first and second

substrates.

13. The method of claim 12, wherein the pixel and
common electrodes include a transparent conductive mate-
rial.

14. The method of claim 13, wherein the transparent
conductive material is one of indium tin oxide (ITO) and
indium zinc oxide (IZO).
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15. The method of claim 12, wherein the common line and
the data line have a substantially zigzag shape.

16. The method of claim 12, wherein the pixel and
common electrodes have a substantially zigzag shape.

17. The method of claim 12, wherein the black matrix
layer is between one end of the second pixel electrode and
the first common electrode.

18. The method of claim 12, further comprising the step
of forming a storage capacitor on the gate line.

19. The method of claim 12, further comprising the step
of forming a passivation layer on the thin film transistor.

20. The method of claim 19, wherein the common and
pixel electrodes are formed on the passivation layer.

21. An in-plane switching liquid crystal display device,
comprising;

first and second substrates;

a gate line and a data line defining a pixel region on the
first substrate;

a common line on the first substrate;

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

a first pixel electrode and a plurality of second pixel
electrodes on the first substrate;

a first common electrode and a plurality of second com-
mon electrodes on the first substrate;

a black matrix layer on the first substrate, the black matrix
layer being formed between the first pixel electrode and
one end of the second common electrode; and

a liquid crystal layer between the first substrate and the

second substrate.

22. The device of claim 21, wherein the common line is
partially overlapped by the data line.

23. The device of claim 21, wherein the thin film tran-
sistor includes gate, source, and drain electrodes.

24. The device of claim 21, wherein the pixel and com-
mon electrodes include a transparent conductive material.

25. The device of claim 24, wherein the transparent
conductive material is one of indium tin oxide (ITO) and
indium zinc oxide (IZO).

26. The device of claim 21, wherein the common line and
the data line have a substantially zigzag shape.

27. The device of claim 21, wherein the pixel and com-
mon electrodes have a substantially zigzag shape.

28. The device of claim 21, wherein the black matrix layer
is between one end of the second pixel electrode and the first
common e¢lectrode.

29. The device of claim 21, wherein the black matrix layer
is on the same plane as the gate line.

30. The device of claim 21, wherein the black matrix layer
is on the same plane as the data line.

31. The device of claim 21, further comprising a passi-
vation layer on the thin film transistor.

32. The device of claim 31, wherein the common and
pixel electrodes are formed on the passivation layer.

33. An in-plane switching liquid crystal display device,
comprising:

first and second substrates;

a gate line and a data line defining a pixel region on the
first substrate;
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a common line on the first substrate;

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

a first pixel electrode and a plurality of second pixel
electrodes on the first substrate;

a first common electrode and a plurality of second com-
mon electrodes on the first substrate;

a black matrix layer on the second substrate, the black
matrix layer having a substantially rectangular shaped
protrusions extending from the black matrix to an area
of disclination to prevent light from passing through the
area of disclination; and

a liquid crystal layer between the first substrate and the

second subsrate.

34. The device of claim 33, wherein the substantially
rectangular shaped protrusion extends to an area between the
first pixel electrode and one end of the second common
electrode.

35. The device of claim 33, wherein the rectangular
shaped protrusion is a parallelogram that is slanted with
respect to the black matrix.

36. A method for fabricating an in-plane switching liquid
crystal display device, comprising:

forming a gate line and a data line defining a pixel region
on a first substrate;

Jul. 4, 2002

forming a common line on the first substrate;

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

forming a first pixel electrode and a plurality of second
pixel electrodes on the first substrate;

forming a first common electrode and a plurality of
second common electrodes on the first substrate;

forming a black matrix layer on the second substrate, the
black matrix layer having a substantially rectangular-
shaped extending from the black to an area of discli-
nation to prevent light from passing through the area of
disclination; and

forming a liquid crystal layer between the first and second

substrates.

37. The method of claim 36, wherein the substantially
rectangular-shaped protrusion extends to an area between
the first pixel electrode and one end of the second common
¢lectrode.

38. The method of claim 36, wherein the rectangular
shaped protrusion is a parallelogram that is slanted with
respect to the black matrix.
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