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(57) ABSTRACT

An array substrate for a fringe field switching mode liquid
crystal display device includes a substrate including a plural-
ity of pixel regions each having a first domain, a second
domain and a domain boundary area between the first and
second domains; gate and data lines on the substrate and
crossing each other to define the pixel region; a thin film
transistor in each pixel region and connected to the gate and
data lines; a pixel electrode in each pixel region and con-
nected to the thin film transistor; and a common electrode
overlapping the pixel electrode with an insulating layer inter-
posed between the common and pixel electrode, wherein a
plurality of openings are formed through the common elec-
trode or the pixel electrode, and each opening has a first angle
in the first and second domains with respect to a rubbing
direction and a second angle larger than the first angle in the
domain boundary area with respect to the rubbing direction.
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ARRAY SUBSTRATE FOR FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2009-0044890 filed in Korea on
May 22, 2009, 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 dis-
play (LCD) device, and more particularly, to an array sub-
strate for a fringe field switching (FFS) mode LCD device
capable of having a multi-domain structure.

[0004] 2. Discussion of the Related Art

[0005] A related art liquid crystal display (LCD) device
uses optical anisotropy and polarization properties of liquid
crystal molecules. The liquid crystal molecules have a defi-
nite alignment direction as a result of their thin and long
shapes. The alignment direction of the liquid crystal mol-
ecules can be controlled by application of an electric field
across the liquid crystal molecules. As the intensity or direc-
tion of the electric field is changed, the alignment of the liquid
crystal molecules also changes. Since incident light is
refracted based on the orientation of the liquid crystal mol-
ecules due to the optical anisotropy of the liquid crystal mol-
ecules, images can be displayed by controlling light transmis-
sivity.

[0006] Since the LCD device including a thin film transistor
(TFT) as a switching element, referred to as an active matrix
LCD (AM-LCD) device, has excellent characteristics such as
high resolution and display of moving images, the AM-LCD
device has been widely used.

[0007] The AM-LCD device includes an array substrate, a
color filter substrate and a liquid crystal layer interposed
therebetween. The array substrate may include a pixel elec-
trode and TFT, and the color filter substrate may include a
color filter layer and a common electrode. The AM-LCD
device is driven by an electric field between the pixel elec-
trode and the common electrode resulting in excellent prop-
erties of transmittance and aperture ratio. However, since the
AM-LCD device uses a vertical electric field, the AM-LCD
device has a bad viewing angle.

[0008] An in-plane switching (IPS) mode LCD device may
be used to resolve the above-mentioned limitations.

[0009] FIG. 1 is a schematic cross-sectional view of the
related art IPS mode LCD device. InFIG. 1, the related art IPS
mode LCD device includes a color filter substrate 9 as an
upper substrate, an array substrate 10 as a lower substrate
facing the color filter substrate, and a liquid crystal layer 11
interposed therebetween. Both common and pixel electrodes
17 and 30 for driving the liquid crystal layer 11 are formed on
the array substrate 10. The liquid crystal layer 11 is driven by
a horizontal electric field “L” induced between the common
and pixel electrodes 17 and 30.

[0010] FIGS.2A and 2B are cross-sectional views showing
turned on/off conditions of an [PS mode LCD device accord-
ing to the related art. As shown in FIG. 2A, when the voltage
is applied to the IPS mode LCD device, liquid crystal mol-
ecules 11a above the common electrode 17 and the pixel
electrode 30 areunchanged. But, liquid crystal molecules 115
between the common electrode 17 and the pixel electrode 30

Nov. 25,2010

are horizontally arranged due to the horizontal electric field
“L”. Since the liquid crystal molecules are arranged by the
horizontal electric field, the IPS mode LCD device has a
characteristic of a wide viewing angle. FIG. 2B shows a
condition when the voltage is not applied to the IPS mode
LCD device. Because an electric field is not generated
between the common and pixel electrodes 17 and 30, the
arrangement of liquid crystal molecules 11 is not changed.
[0011] Unfortunately, the IPS mode LCD device has disad-
vantages in an aperture ratio and transmissivity. To resolve
these limitations, an FFS mode LCD device, where the liquid
crystal molecules are driven by a fringe field, is introduced.
[0012] FIG. 3 is a plan view showing one pixel region the
related art FFS mode LCD device. In FIG. 3, on an array
substrate 41 for the FFS mode LCD device, a gate line 43 is
formed, and a data line 51 is formed to cross the gate line 43
such that a pixel region “P” is defined. In each pixel region
“P”, athin film transistor Tr as a switching element is formed.
The TFT “Tr” is connected to the gate and data lines 43 and 51
and includes a gate electrode 45, a gate insulating layer (not
shown), a semiconductor layer (not shown), a source elec-
trode 55 and a drain electrode 58. A pixel electrode 60 is
formed in the pixel region “P”. The pixel electrode 60 is
connected to the drain electrode 58 of the TFT “Tr” through a
drain contact hole 59 and includes a plurality of openings
“op” having a bar shape. The pixel electrode 60 has a plate
shape. In addition, a common electrode 75 is formed in the
pixel region “P” to overlap the pixel electrode 60. The com-
mon electrode 75 covers an entire surface of a display region
of the array substrate 41. A portion of the common electrode
75 corresponding to one pixel region “P” is marked as a
dotted-line.

[0013] In the FFS mode LCD device having the above
structure, voltages are applied to the pixel and common elec-
trodes 60 and 75 to generate a fringe field therebetween.
Unfortunately, the related art FFS mode LCD device has a
mono-domain structure such that an azimuth angle is changed
depending on a position of the user. For example, a color shift
problem is generated at an azimuth angle such as 0, 90, 180
and 270 degrees, such that an image quality is degraded.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to an
FFS mode LCD device that substantially obviates one or
more of the problems due to limitations and disadvantages of
the related art.

[0015] An object of the present invention is to provide an
FFS mode LCD device having a multi-domains structure.
[0016] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0017] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, an array substrate for a fringe
field switching mode liquid crystal display device includes a
substrate including a plurality of pixel regions each having a
first domain, a second domain and a domain boundary area
between the first and second domains; gate and data lines on
the substrate and crossing each other to define the pixel
region; a thin film transistor in each pixel region and con-
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nected to the gate and data lines; a pixel electrode in each
pixel region and connected to the thin film transistor; and a
common electrode overlapping the pixel electrode with an
insulating layer interposed between the common and pixel
electrode, wherein a plurality of openings are formed through
the common electrode or the pixel electrode, and each open-
ing has a first angle in the first and second domains with
respect to a rubbing direction and a second angle larger than
the first angle in the domain boundary area with respect to the
rubbing direction.

[0018] In another aspect of the present invention, an array
substrate for a fringe field switching mode liquid crystal
display device includes a substrate including a plurality of
pixel region each having a first domain, a second domain and
a domain boundary area between the first and second
domains; gate and data lines on the substrate and crossing
each other to define the pixel region; a thin film transistor in
each pixel region and connected to the gate and data lines; a
pixel electrode in each pixel region and connected to the thin
film transistor; and a common electrode overlapping the pixel
electrode with an insulating layer interposed between the
common and pixel electrode, wherein a plurality of openings
are formed through the common electrode or the pixel elec-
trode, and each opening has an angle in the first and second
domains a with respect to a rubbing direction and a curved
shape in the domain boundary area.

[0019] Itisto beunderstood 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

[0020] 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.
[0021] In the drawings:

[0022] FIG. 1 is a schematic cross-sectional view of the
related art IPS mode LCD device;

[0023] FIGS.2A and 2B are cross-sectional views showing
turned on/off conditions of an [PS mode LCD device accord-
ing to the related art;

[0024] FIG. 3 is a plan view showing one pixel region the
related art FFS mode LCD device;

[0025] FIG.4is aplane view showing one pixel region ofan
array substrate for an FFS mode LCD device according to a
first embodiment of the present invention;

[0026] FIG.5is aplane view showing one pixel region of an
array substrate for an FFS mode LCD device according to a
second embodiment of the present invention;

[0027] FIG. 6isanenlarged view of an “A” portion of FIG.
5

[0028] FIG.7isanenlarged view of an “A” portion of FIG.
5 in an array substrate for an FFS mode LCD device accord-
ing to a modified embodiment of the second embodiment of
the present invention;

[0029] FIG. 8isa cross-sectional view taken along the line
IX-IX of FIG. 5;

[0030] FIG.9is aplane view showing one pixel region of an
array substrate for an FFS mode LCD device according to a
third embodiment of the present invention;

[0031] FIG.10is across-sectional view taken along the line
XI-XI of FIG. 9; and
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[0032] FIG. 11 is a graph illustrating a change of a torque
according to a rubbing degree of a liquid crystal molecule.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0033] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0034] FIG. 4isa plane view showing one pixel region of an
array substrate for an FFS mode LCD device according to a
first embodiment of the present invention. For convenience of
explanation, a region, where a plurality of pixel regions are
defined, is defined as a display region, and a region at a
periphery of the display region is defined as a non-display
region. A switching region, where a TFT is formed, is defined
in the pixel region.

[0035] In FIG. 4, a gate line 105 and a data line 130 are
formed on a substrate 101 to define a pixel region “P”. In each
pixel region “P”, a thin film transistor Tr as a switching
element is formed. The TFT “Tr” is connected to the gate and
data lines 105 and 130 and includes a gate electrode 108, a
gate insulating layer (not shown), a semiconductor layer (not
shown) including an active layer of intrinsic amorphous sili-
con and an ohmic contact layer ofimpurity-doped amorphous
silicon, a source electrode 133 and a drain electrode 136. The
drain electrode 136 is spaced apart from the source electrode
133 such that a portion of the active layer is exposed through
the source and drain electrodes 133 and 136. The exposed
portion of the active layer may be called as a channel region.
FIG. 4 shows the channel region having a U-shape. The
channel region may have various shapes. In addition, in FIG.
4, the TFT “Tr” is positioned on the gate line 105. Alterna-
tively, the gate electrode 108 may protrude from the gate line
105 such that the TFT “Tr” may be positionin the pixel region
“P”. A pixel electrode 155 having a plurality of openings “op”
is formed through the pixel region “P”. The pixel electrode
155 connected to the drain electrode 136 of the TFT “Tr”.
Each of the openings “op” has a bent bar shape. The openings
“op” is spaced apart from each other. A common electrode
170 covering an entire surface of a display region including
the pixel regions “P” of the substrate 101 is formed. The
common electrode 170 overlaps the pixel electrode 155. A
portion of the common electrode 170 corresponding to one
pixel region “P” is marked as a dotted-line. The substrate
including the above elements may be called as an array sub-
strate for an FFS mode LCD device.

[0036] In the present invention, each opening “op” of the
pixel electrode 155 has the bent-bar shape and is symmetrical
to a virtual line along the gate line 105 and going across a
center of the pixel region “P”. Namely, the bent portion of the
opening “op” is positioned on the virtual line. The data line
130 also has a bent portion at a center of the pixel region “P”.
A bent angle “01” of the opening “op” with respect to a
rubbing direction “rb”, which is perpendicular to the gate line
105 or the virtual line, has a range of about 7 to 10 degrees.
The angle of the opening “op” with respect to the rubbing
direction “rb” is defined as an angle of a direction horizontal
to the opening “op” and a top surface of the substrate 101 with
respect to the rubbing direction “rb”. An upper portion of the
opening “op” has the bent angle “61” along a clockwise
direction, and a lower portion of the opening “op’ has the bent
angle “81” along a counterclockwise direction. If the opening
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“op” is further bent to have an angle larger thane 1 within
about 7 to 10 degrees, there are improved domain properties.
However, in this case, the device requires a high driving
voltage and displays a white image having decreased bright-
ness. Accordingly, the opening “op” of the pixel electrode 155
in the present invention is bent to have an angle of about 7 to
10 degrees with respect to the rubbing direction “rb”

[0037] When the opening “op” of the pixel region “P” is
symmetrically bent, fringe fields in a first domain “D1” as an
upper part of the pixel region “P” and a second domain “D2”
as alower part of the pixel region “P” have different directions
such that two domains are obtained. In the FFS mode LCD
device including the array substrate, since liquid crystal mol-
ecules in the first domain “D1” and the second domain “D2”
are driven to different direction, a color shift problem in a
specific azimuth angle is prevented.

[0038] Namely, a first azimuth angle, where a color shift
problem is generated, in the first domain “D1” is different
from a second azimuth angle, where a color shift problem is
generated, in the second domain “D2” such that a color shift
problem in each of the first and second domains “D1” and
“D2” is compensated by each other. As aresult, the color shift
problem in each pixel region “P” is reduced.

[0039] Unfortunately, when a boundary of the domains is
destroyed by an outer impact because the opening “op” has a
relatively small angle with respect to the rubbing direction
“rb” in the above array substrate. As a result, the liquid crystal
molecules in the first and second domains “D1” and “D2” are
driven to the same direction such that a partial brightness
decrease problem is generated. Accordingly, a stain problem
is generated on the image. After the outer impact disappears,
the stain problem remains on the image during a long time.
[0040] To resolve the above limitations, an array substrate
for an FFS mode LCD device according to other embodi-
ments is explained below.

[0041] FIG.5is aplane view showing one pixel region of an
array substrate for an FFS mode LCD device according to a
second embodiment of the present invention, and FIG. 6 is an
enlarged view of an “A” portion of FIG. 5.

[0042] InFIGS.5and 6, a gate line 205 and a data line 230
are formed on a substrate 201 to define a pixel region “P”. In
each pixel region “P”, a thin film transistor Tr as a switching
element is formed. The TFT “Tr” is connected to the gate and
data lines 205 and 230 and includes a gate electrode 208, a
gate insulating layer (not shown), a semiconductor layer (not
shown) including an active layer of intrinsic amorphous sili-
con and an ohmic contact layer ofimpurity-doped amorphous
silicon, a source electrode 233 and a drain electrode 236. The
drain electrode 236 is spaced apart from the source electrode
233 such that a portion of the active layer is exposed through
the source and drain electrodes 233 and 236. As mentioned
above, a shape of a channel region of the TFT “Tr” and a
position of the TFT “Tr” may be changed.

[0043] A pixel electrode 255 having a plate shape is formed
in each pixel region “P” and connected to the drain electrode
236 of the TFT “Tr”. In addition, a common electrode 270
covering an entire surface of the substrate 201 is formed. A
portion of the common electrode 270 corresponding to one
pixel region “P” is marked as a dotted-line. The common
electrode 270 has a plurality of openings “op” of a bent bar
shape in each pixel region “P”. The openings “op” overlap the
pixel electrode 255 and are spaced apart from each other.
[0044] The openings “op” through the common electrode
270 has a difference in a shape from the openings “op” of the
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pixel electrode 155 (of FIG. 4). The opening “op” in FIG. 4
has one bent portion, while the opening in FIGS. 5 and 6 has
three bent portions “al”, “a2” and “a3”. The first bent portion
“al” is positioned in a center of the pixel region “P”, and the
second and third bent portions “a2” and “a3” are symmetri-
cally positioned with respect to the first bent portion “al”.
Namely, the first bent portion “al” is positioned between the
second and third bent portions “a2” and “a3” and spaced apart
from the second and third bent portions “a2” and “a3”. A
distance “w1” between the second and third bent portions
“a2” and “a3” has a range within about 10 to 20 micrometers.
Namely, a vertical length of the boundary area “CA” has a
range within about 10 to 20 micrometers. A vertical length of
each pixel region “P” is about 100 to 300 micrometers. The
data line 230 also has a bent portion at a center of the pixel
region “P”.

[0045] A region between an end of the pixel electrode 255
and the second bent portion “a2” is defined as a first domain
“D1”, and a region between another end of the pixel electrode
255 and the third bent portion “a3” is defined as a second
domain “D2”. A region between the second and third bent
portions “a2” and “a3” is defined as a boundary area “CA”.
Each opening “op” of the common electrode 270 in the first
and second domains “D1” and “D2” has a first angle “61” of
about 7 to 10 degrees with respect to a rubbing direction “rb”
being substantially perpendicular to the gate line 205. In more
detail, the opening “op” in the first domain “D1” has the first
angle “61” along a clockwise direction with respect to the
rubbing direction “rb”, and the opening “op” in the second
domain “D2” has the first angle “61” along a counterclock-
wise direction with respect to the rubbing direction “rb”. Each
opening “op” positioned between the first and second bent
portions “al” and “a2” and between the first and third bent
portions “al” and “a3” has a second angle “62” of about 15 to
30 degrees with respect to the rubbing direction “rb”. The
opening “op” in a space between the first bent portion “al”
and the second bent portion “a2” has the second angle “92”
along a clockwise direction with respect to the rubbing direc-
tion “rb”, and the opening “op” in a space between the first
bent portion “al” and the third bent portion “a3” has the
second angle “02” along a counterclockwise direction with
respect to the rubbing direction “rb”. The second angle “62”
is larger than the firstangle “01” such that the opening “op” in
the boundary area “CA” has a chevron shape. Each opening
“op” of the common electrode 270 has a symmetrical shape
with respect to a virtual line passing through the first bent
portion “al” and being parallel to the gate line 205.

[0046] As mentioned above, the opening “op” of the com-
mon electrode 270 has the first angle “61” with respect to the
rubbing direction “rb” in the first and second domains “D1”
and “D2”, while the opening “op” of the common electrode
270 has the second angle “02”, which is larger than the first
angle “61”, with respect to the rubbing direction “rb” in the
boundary area “CA”, which is a space between the second
and third bent portions “a2” and “a3”. The liquid crystal
molecules in the boundary area “CA” have a remarkably
different initial arrangement from other areas. Accordingly,
even if an outer impact is applied to the device, the two
domains structure is maintained.

[0047] In the first embodiment shown in FIG. 4, the open-
ing “op” in the first domain “D1” and the opening “op” in the
second domain “D2” have an angle of about 160 degrees such
that an arrangement direction of the liquid crystal molecules
has a difference of about 20 degrees in the first and second
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domains “D1” and “D2”. A torque from an outer impact is
larger than that of the liquid crystal molecules such that the
liquid crystal molecules do not have a desired rotation.
Accordingly, problems, for example, a stain, are generated on
the image. However, in the second embodiment shown in
FIGS. 5 and 6, the opening “op” in the boundary area “CA”
has an angle of about 120 to 140 degrees such that an initial
arrangement direction of the liquid crystal molecules has a
difference of about 40 to 60 degrees in the boundary area
“CA”. Namely, the liquid crystal molecules in the boundary
area “CA” have an enough torque. Accordingly, even if an
outer impact is applied to the device, the liquid crystal mol-
ecules in the first and second domains “D1” and “D2” are
driven to different directions such that two domains are main-
tained. As a result, the device has a uniform brightness such
that the stain problem is prevented.

[0048] FIG.7isanenlarged view of an “A” portion of FIG.
5 in an array substrate for an FFS mode LCD device accord-
ing to a modified embodiment of the second embodiment of
the present invention. The array substrate according to the
modified embodiment has a difference in an opening posi-
tioned in the boundary area “CA”. The opening “op” in FIG.
6 includes the first to third bent portions “al”, “a2” and “a3”,
while the opening “op” in FIG. 7 includes two bent portions.
[0049] InFIG. 7, the first domain “D1”, the second domain
“D2” and the boundary area “CA” are defined in the substrate.
The opening “op” includes the first bent portion “b1” and the
second bent portion “b2”. The first bent portion “b1” is posi-
tioned between the first domain “D1” and the boundary area
“CA”, and the second bent portion “b2” is positioned between
the boundary area “CA” and the second domain “D2”.
Namely, the boundary area “CA” is a space between the first
and second bent portions “b1” and “b2”. The opening “op” in
the boundary area “CA” is curved to have a half-circular
shape. Namely, the opening “op” has a curved shape at a
center of the pixel region “P” and includes the first and second
bent portions “b1” and b2" such that the opening “op” has a
symmetrical shape. Similarly to second embodiment, the
opening “op” in the first domain “D1” has a first angle “61”
along a clockwise direction with respect to the rubbing direc-
tion “rb”, and the opening “op” in the second domain “D2”
has the first angle “62” along a clockwise direction with
respect to the rubbing direction “rb”. A width “w2” of the
boundary area “CA”, where the opening “op” has the curved
shape, has a range within about 3 to 5 micrometers. Since a
sudden change in an initial arrangement of the liquid crystal
molecules is generated at the boundary area “CA”, the device
can produce a uniform brightness.

[0050] A cross-sectional structure of the array substrate for
the FFS mode LCD device according to the second embodi-
ment of the present invention is explained below. FIG. 8is a
cross-sectional view taken along the line IX-IX of FIG. 5. A
region, where the TFT “Tr” is formed, is defined as a switch-
ing region “TrA”.

[0051] InFIG. 8, on the substrate 201, which is transparent,
the gate line (not shown) is formed of a low resistance metal-
lic material such as aluminum (Al), Al alloy, copper (Cu), Cu
alloy, chromium (Cr) and molybdenum (Mo). The gate elec-
trode 208, which connected to the gate line, is formed in the
switching region “TrA”. The gate insulating layer 215 of an
inorganic insulating material such as silicon oxide and silicon
nitride is formed on the gate line and the gate electrode 208.
[0052] The semiconductor layer 220 including the active
layer 220a of intrinsic amorphous silicon and the ohmic con-
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tact layer 2206 of impurity-doped amorphous silicon is
formed on the gate insulating layer 215. The semiconductor
layer 220 is positioned in the switching region “TrA” to
overlap the gate electrode 208. The source and drain elec-
trodes 233 and 236 spaced apart from each other are formed
on the semiconductor layer 220. A portion of the active layer
220a 1s exposed through a space between the source and drain
electrodes 233 and 236. The gate electrode 208, the gate
insulating layer 215, the semiconductor layer 220, the source
electrode 233 and the drain electrode 236 constitute the TFT
“Tr”.

[0053] In addition, the data line 230 is formed on the gate
insulating layer 215. The data line 230 crosses the gate line to
define the pixel region “P” and is connected to the source
electrode 233. Under the data line 230, a pattern 221 includ-
ing a first semiconductor pattern 221a, which is formed of the
same material as the active 220a, and a second semiconductor
pattern 2215, which is formed of the same material as the
ohmic contact layer 2205, is disposed. The first semiconduc-
tor pattern 221a and the second semiconductor pattern 2215
are formed depending on a fabricating method. The first semi-
conductor pattern 2214 and the second semiconductor pattern
2215 may be omitted.

[0054] The pixel electrode 255 having a plate shape is
formed in each pixel region “P”. The pixel electrode 255 is
connected to the drain electrode 236 and formed of a trans-
parent conductive material such as indium-tin-oxide (ITO)
and indium-zinc-oxide (1Z0). A passivation layer 260 cover-
ing the pixel electrode 255 and the TFT “Tr” is formed of an
inorganic insulating material or an organic insulating mate-
rial. The inorganic insulating material includes silicon oxide
and silicon nitride, and the organic insulating material
includes benzocyclobutene (BCB) and photo-acryl. The com-
mon electrode 270 including the openings “op” is formed on
the passivation layer 260. The common electrode 270 is
formed of a transparent conductive material such as indium-
tin-oxide (ITO) and indium-zinc-oxide (IZO). FIG. 5 shows
five openings. Alternatively, the common electrode 270 may
have two to ten openings “op”.

[0055] FIG.9isa plane view showing one pixel region of an
array substrate for an FFS mode LCD device according to a
third embodiment of the present invention, and FIG. 10 is a
cross-sectional view taken along the line XI-X1 of FIG. 9.

[0056] As shown in FIGS. 9 and 10, the third embodiment
has difference in shapes of a common and pixel electrodes
312 and 355, positions of the common and pixel electrodes
312 and 355 and a common line 310 from the second embodi-
ment.

[0057] In FIGS. 9 and 10, a gate line 305 is formed on a
substrate 301, and the common line 310 is formed on the
substrate 301 to be spaced apart from and parallel to the gate
line 301. The common electrode 312 having a plate shape is
formed in each pixel region “P” and connected to the common
line 310. The pixel electrode 355 including a plurality of
openings “op” is positioned over the common electrode 312
and in each pixel region “P” with a gate insulating layer 315
and a passivation layer 340 interposed therebetween. The
pixel electrode 355 is connected to a drain electrode 336 of a
TFT “Tr” through a drain contact hole 345 of the passivation
layer 340. The opening “op” has the same shape as the open-
ing “op” as shown in FIGS. 5 and 6. Alternatively, the opening
“op” of the pixel electrode 355 may have the same shape as
the opening “op” in FI1G. 7.
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[0058] On the substrate 301, which is transparent, the gate
line 305 is formed of a low resistance metallic material such
as aluminum (Al), Al alloy, copper (Cu), Cu alloy, chromium
(Cr) and molybdenum (Mo). The gate electrode 308, which
connected to the gate line 305, is formed in the switching
region “TrA”. In addition, the common electrode 310 is
formed of the same material and on the same layer as the gate
line 305. The common electrode 312 having the plate shape is
formed on the common line 310 to contact a portion of the
common line 310. The common electrode 312 is formed of a
transparent conductive material such as ITO and IZO. F1G. 10
shows the common electrode 312 perfectly covers the com-
mon line 310. Alternatively, the common electrode 312 may
cover a portion of the common line 310. The gate insulating
layer 315 of an inorganic insulating material such as silicon
oxide and silicon nitride is formed on the gate line 305, the
gate electrode 308 and the common electrode 312.

[0059] A semiconductor layer 320 including an active layer
320a of intrinsic amorphous silicon and an ohmic contact
layer 3205 of impurity-doped amorphous silicon is formed on
the gate insulating layer 315. The semiconductor layer 320 is
positioned in the switching region “TrA” to overlap the gate
electrode 308. The source and drain electrodes 333 and 336
spaced apart from each other are formed on the semiconduc-
tor layer 320. A portion of the active layer 320a is exposed
through a space between the source and drain electrodes 333
and 336. The gate electrode 308, the gate insulating layer 315,
the semiconductor layer 320, the source electrode 333 and the
drain electrode 336 constitute the TFT “Tr”.

[0060] In addition, the data line 330 is formed on the gate
insulating layer 315. The data line 330 crosses the gate line
305 to define the pixel region “P” and is connected to the
source electrode 333. Under the data line 330, a pattern 321
including a first semiconductor pattern 321a, which is formed
of the same material as the active 3204, and a second semi-
conductor pattern 3215, which is formed of the same material
as the ohmic contact layer 3205, is disposed. The first semi-
conductor pattern 321a and the second semiconductor pattern
321b are formed depending on a fabricating method. The first
semiconductor pattern 321a and the second semiconductor
pattern 3215 may be omitted.

[0061] A passivation layer 340 covering the TFT “Tr” is
formed of an inorganic insulating material or an organic insu-
lating material. The inorganic insulating material includes
silicon oxide and silicon nitride, and the organic insulating
material includes benzocyclobutene (BCB) and photo-acryl.
The passivation layer 340 includes the drain contact hole 345
exposing the drain electrode 336 of the TFT “Tr”.

[0062] The pixel electrode 355 including the openings “op”
and having a plate shape is formed on the passivation layer
340. The pixel electrode 355 is connected to the drain elec-
trode 236 and formed of a transparent conductive material
such as indium-tin-oxide (ITO) and indium-zinc-oxide
(1720).

[0063] Similarly to the second embodiment, the array sub-
strate of the third embodiment includes two domains “D1”
and “D2” and a boundary area “CA” between the domains
“D1” and “D2”. As mentioned above, since the opening “op”
of the pixel electrode 355 in the boundary area “CA” has an
angle of about 15 to 30 degrees along a clockwise or coun-
terclockwise direction with respect to the rubbing direction
“rb”, a problem in an image brightness resulted from an outer
impact is prevented.
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[0064] Referring to FIG. 11, which is a graph illustrating a
change of a torque according to a rubbing degree of a liquid
crystal molecule, a torque of the liquid crystal molecules has
amaximum value at a rubbing degree of 45 and is symmetri-
cally decreased.

[0065] Assuming that the torque of the liquid crystal mol-
ecule is 1 when the liquid crystal molecule has an angle of 45
degrees with respect to the rubbing direction, the liquid crys-
tal molecule has the torque of 0.34, 0.50, 0.64, 0.77 and 0.87
with an angle 0f 10, 15, 20, 25 and 30 degrees with respect to
the rubbing direction, respectively. Namely, the liquid crystal
molecules in the boundary area, where the opening of the
common electrode or the pixel electrode has an angle of about
20 to 30 degrees with respect to the rubbing direction, have an
enough torque. Accordingly, even if an outer impact is
applied to the device, the liquid crystal molecules in the first
and second domains are driven to different directions such
that two domains are maintained. As a result, the device has a
uniform brightness such that the stain problem is prevented.
[0066] The opening shown in the second embodiment or
the modified embodiment of the second embodiment is
formed in the common electrode. Alternatively, the opening
may be formed in the pixel electrode. Similarly, the opening
shown in the third embodiment is formed in the pixel elec-
trode. Alternatively, the opening may be formed in the com-
mon electrode.

[0067] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An array substrate for a fringe field switching mode
liquid crystal display device, comprising:

a substrate including a plurality of pixel regions each hav-
ing a first domain, a second domain and a domain bound-
ary area between the first and second domains;

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

a thin film transistor in each pixel region and connected to
the gate and data lines:

a pixel electrode in each pixel region and connected to the
thin film transistor; and

a common electrode overlapping the pixel electrode with
an insulating layer interposed between the common and
pixel electrode,

wherein a plurality of openings are formed through the
common electrode or the pixel electrode, and each open-
ing has a first angle in the first and second domains with
respect to a rubbing direction and a second angle larger
than the first angle in the domain boundary area with
respect to the rubbing direction.

2. The substrate according to claim 1, wherein each of the
openings has a symmetrical shape with respect to the domain
boundary area.

3. The substrate according to claim 1, wherein the first
angle has a range within about 7 to 10 degrees, and the second
angle has a range within about 20 to 30 degrees.

4. The substrate according to claim 1, wherein the domain
boundary area has a vertical length within a range of about 10
to 20 micrometers.
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5. The substrate according to claim 1, wherein the opening
in the domain boundary area has a chevron shape.

6. The substrate according to claim 1, wherein the data line
has a bent portion at a center of each pixel region.

7. The substrate according to claim 1, wherein each of the
opening has a straight linear shape in each of the first domain,
the second domain and the domain boundary area and
includes a bent portion at a center of the domain boundary
area and boundaries between the first domain and the domain
boundary area and between the second domain and the
domain boundary area.

8. The substrate according to claim 1, wherein the common
electrode covers all pixel regions and disposed over the pixel
electrode.

9. The substrate according to claim 1, further comprising a
common line at the same layer as the gate line, wherein the
common electrode contact the common line, and the pixel
electrode is disposed over the common electrode.

10. An array substrate for a fringe field switching mode
liquid crystal display device, comprising:

asubstrate including a plurality of pixel region each having

a first domain, a second domain and a domain boundary
area between the first and second domains;

gate and data lines on the substrate and crossing each other

to define the pixel region;

a thin film transistor in each pixel region and connected to

the gate and data lines;

a pixel electrode in each pixel region and connected to the

thin film transistor; and

a common electrode overlapping the pixel electrode with

an insulating layer interposed between the common and
pixel electrode,
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wherein a plurality of openings are formed through the
common electrode or the pixel electrode, and each open-
ing has an angle in the first and second domains a with
respect to a rubbing direction and a curved shape in the
domain boundary area.

11. The substrate according to claim 10, wherein each of
the openings has a symmetrical shape with respect to the
domain boundary area.

12. The substrate according to claim 10, wherein the angle
has a range within about 7 to 10 degrees.

13. The substrate according to claim 10, wherein the
domain boundary area has a vertical length within a range of
about 3 1o 5 micrometers.

14. The substrate according to claim 10, wherein the data
line has a bent portion at a center of each pixel region.

15. The substrate according to claim 10, wherein each of
the opening has a straight linear shape in each of the first
domain and the second domain and includes a bent portion at
boundaries between the first domain and the domain bound-
ary area and between the second domain and the domain
boundary area.

16. The substrate according to claim 10, wherein the com-
mon electrode covers all pixel regions and disposed over the
pixel electrode.

17. The substrate according to claim 10, further comprising
a common line at the same layer as the gate line, wherein the
common electrode contact the common line, and the pixel
electrode is disposed over the common electrode.

* ok ok k¥



THMBW(EF)

RiES

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RHAA

S EREESE

BEG®)

—MATREZFREXNRBETIEENEIER , 2F : B4R, 21F

patsnap

ATEaRENRSRE RRENESIER

US20100296040A1 NF(E)A 2010-11-25
US12/591794 FiEH 2009-12-01
FHSANGHUN

HEE KYUNG HA
PARK IN CHEOL

ESANGHUN
HEE KYUNG-HA
PARK IN-CHEOL

FHSANGHUN
HEE KYUNG-HA
PARK IN-CHEOL

HAN SANGHUN
HEE KYUNG HA
PARK IN CHEOL

HAN, SANGHUN
HEE, KYUNG-HA
PARK, IN-CHEOL

GO02F1/1343

G02F2001/134372 G02F 1/134363
1020090044890 2009-05-22 KR
US8339552

Espacenet USPTO

\
&

ZN

=

\
7

ENBEXE , SMEEXEEFE X8, F-XENE-—ME =KX

132 ) Y B34 5 (K0 AR A R B AR B R R R AR B R E X,
BNMEEXETHWERBEEH EZIMRENBEL BMEREXBH |

HNERENHERIERAGE, L LBREBERNER  LE5ENT
AHEJNERBR 2B , HPSNTFOFSLHBRFBEBRTE
K, BMTOESE-—NE-_XBHEEE-AE. NTERALG , ¥
NTHELRXEPNERIANATE - AENE-AE,



https://share-analytics.zhihuiya.com/view/0f264d73-5851-4cf1-9a8e-4aa31ef1274e
https://worldwide.espacenet.com/patent/search/family/043124372/publication/US2010296040A1?q=US2010296040A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100296040%22.PGNR.&OS=DN/20100296040&RS=DN/20100296040

