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

[0001] This application claims the benefit of Korean
Patent Application No. 2001-54585, filed on Sep. 5, 2001 in
Korea, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and more particularly, to an array
substrate for an in-plane switching liquid crystal display
(IPS LCD) device and a method of manufacturing the same.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display (LCD) device
has upper and lower substrates, which are spaced apart and
face each other, and a liquid crystal layer between the upper
and lower substrates. Each of the substrates includes an
electrode, and the electrodes of each substrate also face each
other. The LCD device uses an optical anisotropy of liquid
crystal and produces an image by controlling light transmis-
sivity by varying the arrangement of liquid crystal mol-
ecules, which are arranged by an electric field.

[0006] Because LCD devices have high resolution and can
display an excellent moving image, they are used widely.
Typically, an LCD device includes thin film transistors and
pixel electrodes arranged in a matrix. Such an LCD device
is referred to as an active matrix liquid crystal display
(AMLCD).

[0007] In the LCD device, the liquid crystal layer gener-
ally is driven by an electric field that is perpendicular to the
upper and lower substrates. The LCD device has a high
transmittance and a high aperture ratio. The common elec-
trode of the upper substrate may be grounded so that
breakdown of the device due to static electricity may be
prevented.

[0008] However, the LCD device has a disadvantage of a
narrow viewing angle. To overcome the narrow viewing
angle, an in-plane switching (IPS) LCD device has been
developed. The IPS LCD device implements an electric field
that is parallel to the substrates. A detailed explanation of a
conventional IPS LCD device and its operation modes will
be provided with reference to the following figures.

[0009] FIG. 1 is a schematic cross-sectional view of a
related art in-plane switching liquid crystal display (IPS
LCD) device. As shown in FIG. 1, upper and lower sub-
strates 10 and 20 are spaced apart from each other, and a
liquid crystal layer 12 is interposed there between. The
upper and lower substrates 10 and 20 are referred to as a
color filter substrate and an array substrate, respectively.
Common and pixel electrodes 36 and 38 are disposed on the
lower substrate 20. The common and pixel electrodes 36 and
38 are parallel with each other and spaced apart from each
other. Molecules of the liquid crystal layer 12 are aligned by
a lateral electric field 21 between the common and pixel
electrodes 36 and 38 when voltage is applied to the common
and pixel electrodes 36 and 38.

[0010] FIGS. 2A and 2B are cross-sectional views illus-
trating operations of the liquid crystal molecules for IPS
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mode in “on” and “off” states. FIG. 2A conceptually illus-
trates “off state” operation modes for a related art IPS LCD
device. In the off state, the long axes of the liquid crystal
molecules 12 are parallel to the common and pixel elec-
trodes 36 and 38 on the lower substrate 20, and maintains an
initial arrangement according to an alignment layer, which is
made by a method such as a rubbing.

[0011] FIG. 2B conceptually illustrates “on state” opera-
tion modes for a related art IPS LCD device. In the “on
state”, an in-plane electric field 21 parallel to the upper and
lower substrates 10 and 20 is generated between the com-
mon and pixel electrodes 36 and 38. The common electrode
36 and pixel electrode 38 are formed together on the lower
substrate 20 for this reason. Thus, in an “on state” most of
the liquid crystal molecules 12b are aligned such that the
long axes thereof are parallel to the substrates 10 and 20 and
perpendicular to the common and pixel electrodes 36 and 38,
while the liquid crystal molecules 12a over the common and
pixel electrodes 36 and 38 maintain an initial arrangement
e.g., parallel to the common and pixel electrodes 36 and 38.

[0012] As stated above, the IPS LCD device uses the
lateral electric field that results from the common and pixel
electrodes 36 and 38 being formed on the same substrate,
e.g., the lower substrate 20. The IPS LCD device has a wide
viewing angle and low color dispersion. Specifically, the
viewing angle of the IPS L.CD device may be within a range
of about 80 to 85 degrees in the directions up, down, right,
and left. In addition, the fabricating processes of this IPS
LCD device are simpler than other various LCD devices.

[0013] FIG. 3 is a plan view of an array substrate for a
related art in-plane switching liquid crystal display (IPS
LCD) device. As illustrated in FIG. 3, a gate line 32 is
formed horizontally in the context of the figure, and a data
line 44 extends vertically in the context of the figure. The
gate line 32 and the data line 44 cross each other to define
a pixel area “P”. A thin film transistor “T” is formed at the
crossing of the gate line 32 and the data line 44. The thin film
transistor “T” includes a gate electrode 34, a source elec-
trode 46, a drain electrode 48, and an active layer 40. The
gate electrode 34 is a part of the gate line 32 and the source
electrode 46 is connected to the data line 44.

[0014] A common line 37 is formed parallel to the gate
line 32. A common electrode 36 is formed in the pixel area
“P”. The common electrode 36 includes a plurality of first
and second vertical parts 36a and 36b and a horizontal part
36¢. The horizontal part 36¢ overlaps the common line 37
and is connected to the common line 37 through a first
contact hole 53. The plurality of first and second vertical
parts 36a and 36b extend up and down from the horizontal
part 36¢, respectively and are parallel to the data line 44. The
first and second vertical parts 36a and 36b are spaced apart
from the data line 44.

[0015] A pixel electrode 38 is also formed in the pixel area
“P”. The pixel electrode 38 is composed of a plurality of
vertical parts 38a and a horizontal part 38b. The horizontal
part of the pixel electrode 38b overlaps the gate line 32 to
form a storage capacitor “C”. The vertical parts of the pixel
electrode 38a have an alternating arrangement with the first
and second vertical parts of the common electrode 36a and
36b. The pixel electrode 38 is connected to the drain
electrode 48 through a second contact hole 54.
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[0016] The common electrode 36 may be made of the
same material as the gate line 32 and the pixel electrode 38
may be made of the same material as the data line 44.

[0017] Next, FIGS. 4A and 4B are cross-sectional views
along the line IVA-IVA and the line IVB-IVB of FIG. 3,
respectively. As shown in the figures, a gate electrode 34 and
a plurality of common electrodes 36b, which are referred to
as the second vertical parts of common electrode in FIG. 3,
are formed on a substrate 20. The plurality of common
electrodes 365 may be made of the same material as the gate
electrode 34. A gate insulator 35 covers the gate electrode 34
and the plurality of common electrodes 36b. An active layer
40 and an ohmic contact layer 41 are subsequently formed
on the gate insulator 35. Additionally, source and drain
electrodes 46 and 48 are formed on the ohmic contact layer
41. Meanwhile, a data line 44 and which is made of the same
material as the source and drain electrodes 46 and 48, is
formed on the gate insulator 35 not overlapping the common
electrodes 36b. A passivation layer 52 covers the data line
44, source and drain electrodes 46 and 48. The passivation
layer 52 has a contact hole 54, which is referred to as a
second contact hole in FIG. 3, exposing the drain electrode
48. A plurality of pixel electrodes 38a are formed on the
passivation layer 52 alternating with the common electrodes
36b.

[0018] In generally, the gate insulator 35 is made of an
inorganic material such as silicon nitride (SiNx) or silicon
oxide (510,), which has relatively large dielectric constant.
When the data line 44 and the common electrodes 36b
overlap each other, a parasitic capacitance is formed
between the data line 44 and the common electrodes 36b,
and vertical crosstalk occurs due to the parasitic capacitance.
Therefore, the data line 44 and the common electrodes 365
should be spaced apart at a regular interval, which is noted
to as “L” in FIG. 4B, not to form a parasitic capacitance.

[0019] However, the interval “L” increases the width of a
black matrix 42 on a color filter substrate required to prevent
leakage light, and this tends to lower the aperture ratio of the
IPS LCD device.

[0020] Meanwhile, FIG. 5 illustrates distribution of the
light transmittance in the related art IPS LCD device when
voltage is applied. As shown in the figure, transmittance of
light 60 in a first area “A1” over the common electrode 36D
is relatively low and the pixel electrode 384, while the
transmittance of light is relatively high in a second area
“A2” between the common electrode 36b and the pixel
electrode 38a. This is due to difference in alignment direc-
tions of liquid crystal molecules (not shown) over the
electrodes 365 and 38a and between the electrodes 365 and
38a under the applied voltage. That is, in the first area “Al”,
since the direction of the electric field is perpendicular to the
electrodes 36b and 38a, the liquid crystal molecules are
arranged perpendicular to the electrodes 36b and 38a. On the
other hand, in the second arca “A2”, as the direction of the
electric field is parallel to the electrodes 365 and 384, the
liquid crystal molecules is arranged parallel to the electrodes
36b and 38a.

[0021] Therefore, as the electrodes occupy more space, the
aperture ratio of the IPS LCD device decreases. Besides,
since the black matrix should cover the space between the
common clectrode and the data line, the aperture ratio
reduces more.
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[0022] Though the aperture ratio may increase by narrow-
ing the width of the common electrodes and the pixel
electrodes, it is also restricted.

[0023] FIG. 6 schematically shows distribution of electric
field in the related art IPS LCD device. In FIG. 6, when
voltage is applied to the common electrode 365 and the pixel
electrode 384, clectric field 54, which is virtually expressed
as power lines, is formed between the common electrode
36b and the pixel electrode 38a. The electric field 54 is the
weakest in the middle “N” of the area between the common
electrode 365 and the pixel electrode 38a because the
density of the power lines is the sparsest in the region “N”.
The power of electric field gets weak as the interval between
the common electrode 36b and the pixel electrode 38a
becomes wide. If electric field is weak, the liquid crystal
molecules do not aligned correctly. Accordingly, there is a
limitation on enlarging the interval between the common
electrode 365 and the pixel electrode 38a.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to an
array substrate for an in-plane switching liquid crystal
display (IPS LCD) device and a manufacturing method of
the array substrate that substantially obviates one or more of
problems due to limitations and disadvantages of the related
art.

[0025] An advantage of the present invention is to provide
an array substrate for an in-plane switching liquid crystal
display device that has the high aperture ratio and bright-
ness.

[0026] Another advantage of the present invention is to
provide a manufacturing method for an array substrate for an
in-plane switching liquid crystal display device that
increases the aperture ration and brightness.

[0027] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages 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.

[0028] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an array substrate for an
in-plane switching liquid crystal display device includes a
substrate, a gate line and a data line crossing each other to
define a pixel region on the substrate, a thin film transistor
being electrically connected to the gate and data lines, a
common line parallel to the gate line, a plurality of common
electrodes being perpendicularly connected to the common
line, and a plurality of pixel electrodes alternating with the
plurality of common electrodes, wherein each common
electrode has at least one first incline plane.

[0029] In another aspect, a manufacturing method of an
array substrate for an in-plane switching liquid crystal
display device includes forming a gate line on a substrate,
forming a data line crossing the gate line, forming a thin film
transistor being electrically connected to the gate and data
lines, forming a common line parallel to the gate line,
forming a passivation layer on the data line and the thin film
transistor and patterning the passivation layer, forming a
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plurality of common electrodes electrically connected to the
common line on the passivation layer, and forming a plu-
rality of pixel electrodes alternating with the plurality of
common electrodes on the passivation layer, wherein each
common electrode has at least one first incline plane.

[0030] 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

[0031] 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 inven-
tion.

[0032] In the drawings:

[0033] FIG. 1 is a schematic cross-sectional view of a
related art in-plane switching liquid crystal display (IPS
LCD) device;

[0034] FIGS. 2A and 2B are cross-sectional views illus-
trating operations of the liquid crystal molecules at on and
off states of a related art IPS LCD device, respectively;

[0035] FIG. 3 is a plan view of an array substrate for a
relate art IPS LCD device;

[0036] FIGS. 4A and 4B are cross-sectional views along
the line IVA-IVA and the line IVB-IVB of FIG. 3, respec-
tively;

[0037] FIG. 5 is across-sectional view showing distribu-
tion of the light transmittance in the related art IPS LCD
device;

[0038] FIG. 6 is a schematic view showing distribution of
electric field in the related art IPS LCD device;

[0039] FIG. 7 is a plan view of an array substrate for an
in-plane switching liquid crystal display (IPS LCD) device
according to a first embodiment of the present invention;

[0040] FIGS. 8A and 8B are cross-sectional views along
the line VIIIA-VIIIA and the line VIIIB-VIIIB of FIG. 7,
respectively;

[0041] FIGS. 9A and 9B are schematic views showing
structures of the electrodes according to the present inven-
tion;

[0042] FIG. 10 is a schematic view showing another
structure of the electrode according to the present invention;

[0043] FIGS. 11A and 11B are cross-sectional views of an
IPS LCD device according to a second embodiment of the
present invention;

[0044] FIG. 12 is a magnified view of the region “K” of
FIG. 11B;

[0045] FIG. 13 is a schematic view showing distribution
of electric field in the IPS LCD device according to the
second embodiment;

[0046] FIGS. 14A and 14B are cross-sectional views of
an IPS LCD device according to a third embodiment of the
present invention; and
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[0047] FIG. 15 is a schematic view showing distribution
of electric field in the IPS LCD device according to the third
embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0048] Reference will now be made in detail to the illus-
trated embodiments of the present invention, which are
illustrated in the accompanying drawings.

[0049] FIG. 7 is a plan view of an array substrate for an
in-plane switching liquid crystal display (IPS LCD) device
according to a first embodiment of the present invention. In
FIG. 7, a gate line 123 is formed horizontally in the context
of the figure, and a gate electrode 122 extends vertically
from the gate line 123. A data line 132 is formed vertically
in the context of the figure, and a source electrode 128
extends horizontally from the data line 132. The gate line
123 and the data line 132 cross each other to define a pixel
area “P”. The gate electrode 122 and the source electrode
128 may be a part of the gate line 123 and the data line 132,
respectively. Next, a drain electrode 130 is formed facing but
separated from the source electrode 128. The gate electrode
122 and source and drain electrodes 128 and 130 form a thin
film transistor “T” at the crossing of the gate line 123 and the
data line 132. The thin film transistor “T” also includes an
active layer 125 that overlaps the gate electrode 122 and
source and drain electrodes 128 and 130.

[0050] In the pixel area “P”, a common line 135 is formed
horizontally in the context of the figure, so the common line
135 is parallel to the gate line 123. A common electrode,
which includes a horizontal part 137 and a plurality of
vertical parts 136, in the pixel area “P”. The horizontal part
137 overlaps the common line 135 and is connected to the
common line 135 through a first contact hole 135a. The
plurality of vertical parts 136 extend vertically from the
horizontal part 137 and outermost parts among the plurality
of vertical parts 136 overlap the data line 132.

[0051] Next, a plurality of pixel electrodes 138 are formed
vertically in the context of the figure, alternating with the
vertical parts 136 of the common electrode in the pixel area
“P”. The pixel electrodes 138 are connected to the drain
electrode 130 through a second contact hole 135b.

[0052] FIGS. 8A and 8B are cross-sectional views along
line VIIIA-VIIIA and line VIIIB-VIIIB of FIG. 7, respec-
tively. As shown in the figures, a gate electrode 122 is
formed on the inside of a first substrate 120 (e.g., the side
that faces the liquid crystal layer) and a gate insulator 124
covers the gate electrode 122. An active layer 125 of
amorphous silicon and an ohmic contact layer 126 of doped
amorphous silicon subsequently are formed on the gate
insulator 124. Next, source and drain electrodes 128 and 130
are formed on the ohmic contact layer 126, and a data line
132 made of the same material as the source and drain
electrodes 128 and 130 is formed on the gate insulator 124.
The gate electrode 122, and source and drain electrodes 128
and 130 form a thin film transistor “T”. A passivation layer
134 is formed on the data line 132 and source and drain
electrodes 128 and 130. The passivation layer 134 is made
of an organic material that has a relatively low dielectric
constant. The organic material may be benzocyclobutene
(BCB) or acrylic resin. The passivation layer 134 has a drain
contact hole 135b exposing the drain electrode 130, which



US 2003/0043329 Al

is referred to as the second contact hole in the description of
FIG. 7. A plurality of common electrodes 136, which are
referred to as a plurality of vertical parts of the common
electrode in the description of FIG. 7, and a plurality of
pixel electrodes 138 are formed on the passivation layer 134
with an alternating arrangement with each other. The out-
ermost parts among the plurality of common electrodes 136
overlap the data line 132 by a width “M”. The common
electrodes 136 and the pixel electrodes 138 may be made of
a transparent conducting material such as indium-tin-oxide
(ITO) or indium-zinc-oxide (IZO).

[0053] Next, a second substrate 142 is disposed over and
spaced apart from the first substrate 120. A black matrix 140
is formed on the inside of the second substrate 142 (¢.g. the
side facing the liquid crystal) to prevent leakage light. The
black matrix 140 corresponds to the thin film transistor “T”
and the data line 132. Though not illustrated in the figures,
a color filter layer is formed on the black matrix 140. Also,
an overcoat layer may be formed on the color filter layer.

[0054] Although the common electrodes 136 overlap the
data line 132, a parasitic capacitance between the data line
132 and the common electrode 136 has little influence on the
signals on the data line 132 and the common electrode 136
due to the low diclectric passivation layer 134. Therefore,
the width of the black matrix 140 can be narrow, so that the
aperture ratio and brightness of the IPS LCD increase.

[0055] On the other hand, other structure of the common
and pixel electrodes that further increase the aperture ratio
and brightness are possible. FIGS. 9A and 9B and FIG. 10
show exemplary structures of the electrodes according to
other embodiments of the present invention.

[0056] FIG. 9A shows an electrode 102 formed on a flat
passivation layer 100. The passivation layer 100 is made of
an organic material having a thickness within a range of, for
example, about 1.0 to 2.0 um. The organic material may be
one of benzocyclobutene (BCB) and acrylic resin. The
electrode 102 may be either the common electrode or the
pixel electrode. The width “B” of the electrode 102 is within
a range of, for example, about 5.0 to 6.0 um.

[0057] In FIG. 9B, the passivation layer 100 include a
surface with an incline plane 1004, a portion of which
contacts one end of the electrode 102. The incline plane
1004 has an incline angle “0” with respect to the bottom
surface of the passivation layer 100. For example, if the
incline angle “0” is about 45 degrees with respect to the
bottom surface of the passivation layer 100 and the thickness
of the passivation layer 100 in a non-inclined portion is, for
example, about 1.3 um, a first length “C1” corresponding to
the horizontal component of the incline plane 100« is about
1.3 um. Therefore, a second length “C2” corresponding to
the length of the incline plane 100a portion becomes about
1.8 ym. By the way, if the length along a surface of the
electrode 102, which is expressed by the sum of the second
length “C2” and the third length “C3”, is, for example, about
6 um, a third length “C3” corresponding to the flat part of the
electrode 102 parallel to the bottom surface of the passiva-
tion layer 100 becomes about 4.2 gm. Accordingly, because
of the incline portion, the actual width “C” of area that the
electrode 102 occupies is about 5.5 ym, which is the sum of
the first length “C1” (1.3 um) and the third length “C3” (4.2
am).

[0058] On the other hand, as shown in FIG. 10, the
passivation layer 100 may have two incline planes 100a and
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1006 under the electrode 102. Here, for example, if the
passivation layer 100 has a thickness of about 1.3 ym in a
non-inclined portion, and the incline planes 100a and 1005
have an incline angle “0” of about 45 degrees with respect
to the bottom surface of the passivation layer 100, first and
second length “D1” and “D2” corresponding to the base
lines of the incline planes 100a and 1005 are about 1.3 ym.
Therefore, third and fourth lengths “D3” and “D4” corre-
sponding to the incline planes 100a and 1005 each become
about 1.8 um. If a length along a cross-sectional surface of
the electrode 102 is, for example, about 6 um, a fifth length
“D5” corresponding to the flat part of the electrode 102
parallel to the bottom surface of the passivation layer 100
becomes about 2.4 um. Accordingly, the width “D” of area
that the electrode 102 occupies is about 5 um, which is the
sum of the first length “D1” (1.3 um), the second length
“D2” (1.3 ym), and the fifth length “D5” (2.4 m). The width
“D” of about 5 um gets much smaller than the width “C” of
about 5.5 um of FIG. 9B.

[0059] As stated above, if the passivation layer has an
incline portion, the cross-sectional spaces that the electrodes
occupy come to decrease. Therefore, the area that light
passes through increases, so the aperture ratio and brightness
improve more.

[0060] Other embodiments having the above structure will
be described with reference to attached figures.

[0061] FIGS. 11A and 11B are cross-sectional views of an
in-plane switching liquid crystal display device according to
a second embodiment of the present invention. FIGS. 11A

and 11B correspond to cross-sections along the line VIITA-
VIIIA and the line VIIIB-VIIIB of FIG. 7, respectively.

[0062] In FIGS. 11A and 11B, a gate electrode 222 is
formed on the inside of a first substrate 220, and a gate
insulator 224 covers the gate electrode 222. An active layer
225 of amorphous silicon and an ohmic contact layer 226 of
doped amorphous silicon subsequently are formed on the
gate insulator 224. Next, source and drain electrodes 228
and 230 are formed on the ohmic contact layer 226, and a
data line 232 made of the same material as the source and
drain electrodes 228 and 230 is formed on the gate insulator
224. The gate electrode 222, and source and drain electrodes
228 and 230 form a thin film transistor “T”. A passivation
layer 234 is formed on the data line 232 and the thin film
transistor “T”. The passivation layer 234 and the passivation
pattern 234a have incline planes. The passivation layer 234
and the passivation pattern 234a are made of an organic
material such as benzocyclobutene (BCB) or acrylic resin,
which has a relatively low dielectric constant. The passiva-
tion layer 234 has a drain contact hole 235 exposing the
drain electrode 230. A plurality of common electrodes 2364,
236b and 236¢ are formed on the passivation layer 234 and
the passivation pattern 234a. The common electrodes 236¢,
236b and 236¢ have at least one slope corresponding to the
incline planes of the passivation layer 234 and the passiva-
tion pattern 234a. Here, first and third common electrodes
236a and 236¢ overlap the data line 234 by a width “E” as
shown in FIG. 12. FIG. 12 is a view magnified of a region
“K” of FIG. 11B.

[0063] Referring again to FIG. 11B, a plurality of pixel
electrodes 238 are formed on the gate insulator 224 alter-
nating with the common electrodes 2364, 2365 and 236c¢.
The common electrodes 236a, 2365 and 236¢ and the pixel
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electrodes 238 may be made of a transparent conducting
material such as indium-tin-oxide (ITO) or indium-zine-
oxide (IZO).

[0064] Asecond substrate 242 is disposed over and spaced
apart from the first substrate. A black matrix 240 is formed
on the inside of the second substrate 242, (e.g. the surface of
the second substrate to facing the first substrate) and corre-
sponds to the thin film transistor “T” and the data line 232.
Although not illustrated in the figures, a color filter layer is
formed on the black matrix 240. Also, an overcoat layer may
be formed on the color filter layer.

[0065] In this embodiment, because the common elec-
trodes have at least one incline plane, the width of space that
the common electrodes occupy is reduced. For example,
when a length along the cross-sectional surface of the
common electrodes is 6 um, the width of the first and third
common electrodes is reduced by about 0.5 um, respectively,
in comparison with that of the first embodiment as shown in
FIG. 9B, and the width of the second common electrode is
reduced by about 1 um as shown in FIG. 10. Therefore, in
this example of the second embodiment, the width that the
common electrodes occupy is narrower than the example of
the first embodiment by a total of about 2 pm, and the
interval between the common electrode and the pixel elec-
trode is wider than in the example of the first embodiment.

[0066] FIG. 13 schematically shows distribution of elec-
tric field in the IPS LCD device according to the second
embodiment. In FIG. 13, when voltage is applied to the
common electrode 2364 and the pixel electrode 238, electric
field 300, which is virtually expressed as power lines, is
formed between the common electrode 2364 and the pixel
electrode 238. Although the interval between the common
electrode 236a and the pixel electrode 238 is farther than in
the related art, the strength of electric field 300 is stronger
because the virtual distance of the electrodes, between which
electric field 300 is formed, is narrower because of the
incline plane of the common electrode 236a4.

[0067] As stated above, in the second embodiment, since
the common electrodes overlap the data line, the width of the
black matrix is relatively narrow. Moreover, as the interval
between the common electrode and the pixel electrode is
wider because of the incline plane, the aperture ratio and
brightness can increase without reducing the power of
electric field.

[0068] FIGS. 14A and 14B are cross-sectional views of
an in-plane switching liquid crystal display device according
to a third embodiment of the present invention.

[0069] In FIGS. 14A and 14B, a gate electrode 322 is
formed on the inside of a first substrate 320 and a gate
insulator 324 covers the gate electrode 322. An active layer
325 of amorphous silicon and an ohmic contact layer 326 of
doped amorphous silicon subsequently are formed on the
gate insulator 324. Next, source and drain electrodes 328
and 330 are formed on the ohmic contact layer 326, and a
data line 332 made of the same material as the source and
drain electrodes 328 and 330 is formed on the gate insulator
324. The gate electrode 322 and source and drain electrodes
328 and 330 form a thin film transistor “T”.

[0070] A passivation layer 334 is formed on the data line
332 and the thin film transistor “T”. Also, first and second
passivation patterns 334a and 334b are formed between the
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data lines 332 on the gate insulator 324. The passivation
layer 334 and the passivation patterns 334a and 334b have
incline planes. The passivation layer 334 and the passivation
patterns 3344 and 334b are made of an organic material such
as benzocyclobutene (BCB) or acrylic resin, which has a
relatively low dielectric constant. The passivation layer 334
has a contact hole 335 exposing the drain electrode 330.

[0071] A plurality of common electrodes 3364, 3365 and
336¢ are formed on the passivation layer 334 and the first
passivation pattern 334a. The common electrodes 336a,
336b and 336¢ have at least one slope corresponding to the
incline planes of the passivation layer 334 and the first
passivation pattern 334a. Here, first and third common
electrodes 336a and 336¢ overlap the data line 332.

[0072] Next, a plurality of pixel electrodes 338 are formed
on the second passivation patterns 334b alternating with the
common electrodes 336a, 3365 and 336c. The pixel elec-
trodes 338 also have slopes corresponding to the incline
planes of the second passivation patterns 334b. The common
electrodes 336a, 336b and 336¢ and the pixel electrodes 338
may be made of a transparent conducting material such as
indium-tin-oxide (ITO) or indium-zinc-oxide (IZO).

[0073] On the other hand, a second substrate 342 is
disposed over and spaced apart from the first substrate 320.
A black matrix 340 is formed on the inside of the second
substrate 342, (c.g. the surface facing the first substrate) and
corresponds to the thin film transistor “T” and the data line
332. A color filter layer (not shown) is formed on the black
matrix 340. Also, an overcoat layer may be formed on the
color filter layer.

[0074] FIG. 15 schematically shows distribution of elec-
tric field in the IPS LCD device according to the third
embodiment. In FIG. 15, when voltage is applied to the
common electrode 3365 and the pixel electrode 338, electric
field 500 is formed between the common electrode 3365 and
the pixel electrode 338. The electric field 500 is stronger
than that of the second embodiment due to the incline planes
of both the common and pixel electrodes 3365 and 338.

[0075] In the third embodiment, for example, when a
length along the cross-sectional surface of the common
electrodes is 6 um, the width that the common electrodes
occupy is reduced by about 2 ym in comparison with that of
the example of the first embodiment like the second embodi-
ment. Besides, since the pixel electrodes have the incline
planes, the width that the pixel electrodes occupy is reduced
by about 2 um in comparison with that of the example of the
first embodiment as shown in FIG. 10. Accordingly, the total
reduced width is about 4 #m in comparison with the first
embodiment.

[0076] It will be apparent to those skilled in the art that
various modifications and variations 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.
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What is claimed is:
1. An array substrate for an in-plane switching liquid
crystal display device, comprising;:

a substrate;

a gate line and a data line on the substrate, the gate and
data lines crossing each other to define a pixel region;

a thin film transistor being electrically connected to the
gate and data lines;

a common line parallel to the gate line;

a plurality of common electrodes being perpendicularly
connected to the common line; and

a plurality of pixel electrodes alternating with the plurality
of common electrodes,

wherein each common electrode has at least one first

incline plane.

2. The array substrate according to claim 1, wherein the
at least one first incline plane slopes with an incline angle of
about 45 degrees with respect to the substrate.

3. The array substrate according to claim 2, wherein a
width along a cross-sectional surface of each common
electrode is within a range of about 5.5 to 6 wm.

4. The array substrate according to claim 1, further
comprising a plurality of passivation patterns under the
plurality of common electrodes, the plurality of passivation
patterns having at least one second incline plane correspond-
ing to the at least one first incline plane.

5. The array substrate according to claim 4, wherein the
plurality of passivation patterns include one of benzocy-
clobutene (BCB) and acrylic resin.

6. The array substrate according to claim 5, wherein the
plurality of passivation patterns have a thickness within a
range of about 1 to 2 ym.

7. The array substrate according to claim 5, wherein the
plurality of common electrodes overlap the data line.

8. The array substrate according to claim 1, wherein each
pixel electrode has at least one second incline plane.

9. The array substrate according to claim &, wherein the
at least one second incline plane slopes with an incline angle
of about 45 degrees with respect to the substrate.

10. The array substrate according to claim 9, wherein a
width along a cross-sectional surface of each pixel electrode
is within a range of about 5.5 to 6 um.

11. The array substrate according to claim 8, further
comprising a plurality of first passivation patterns under the
plurality of common electrodes, the plurality of first passi-
vation patterns having at least one third incline plane cor-
responding to the at least one first incline plane.

12. The array substrate according to claim 11, further
comprising a plurality of second passivation patterns under
the plurality of pixel electrodes, the plurality of second
passivation patterns having at least one fourth incline plane
corresponding to the at least one second incline plane.

13. The array substrate according to claim 12, wherein the
plurality of first and second passivation patterns include one
of benzocyclobutene (BCB) and acrylic resin.

14. The array substrate according to claim 13, wherein the
plurality of first and second passivation patterns have a
thickness within a range of about 1 to 2 um.

15. The array substrate according to claim 13, wherein a
part of the plurality of common electrodes overlaps the data
line.
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16. The array substrate according to claim 1, wherein the
plurality of common electrodes and the plurality of pixel
electrodes include one of indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO).

17. A method of manufacturing an array substrate for an
in-plane switching liquid crystal display device, comprising;:

forming a gate line on a substrate;
forming a data line crossing the gate line;

forming a thin film transistor being electrically connected
to the gate and data lines;

forming a common line parallel to the gate line;

forming a passivation layer on the data line and the thin
film transistor and patterning the passivation layer;

forming a plurality of common electrodes on the passi-
vation layer, the plurality of common electrodes being
electrically connected to the common line; and

forming a plurality of pixel electrodes on the passivation
layer, the plurality of pixel electrodes alternating with
the plurality of common electrodes,

wherein each common electrode has at least one first

incline plane.

18. The method according to claim 17, wherein the at least
one first incline plane slopes with an incline angle of about
45 degrees with respect to the substrate.

19. The method according to claim 18, wherein a length
along a cross-sectional surface of each common electrode is
within a range of about 5.5 to 6 um.

20. The method according to claim 17, wherein the
passivation layer includes one of benzocyclobutene (BCB)
and acrylic resin.

21. The method according to claim 20, wherein the
passivation layer has a thickness within a range of about 1
to 2 um.

22. The method according to claim 20, wherein the
plurality of common electrodes overlap the data line.

23. The method according to claim 17, wherein each pixel
electrode has at least one second incline plane.

24. The method according to claim 23, wherein the at least
one second incline plane slopes with an incline angle of
about 45 degrees with respect to the substrate.

25. The method according to claim 24, wherein a width
along a cross-sectional surface of each pixel electrode is
within a range of about 5.5 to 6 um.

26. The method according to claim 23, wherein the
passivation layer includes one of benzocyclobutene (BCB)
and acrylic resin.

27. The method according to claim 26, wherein the
passivation layer has a thickness within a range of about 1
to 2 um.

28. The method according to claim 26, wherein a part of
the plurality of common electrodes overlaps the data line.

29. The method according to claim 17, wherein the
plurality of common electrodes and the plurality of pixel
electrodes includes one of indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO).
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