US 20090322975A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2009/0322975 A1

Song et al.

43) Pub. Date: Dec. 31, 2009

(54)

ARRAY SUBSTRATE FOR FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE INCLUDING THE SAME

(75) Inventors: Sang-Moo Song, Daegu (KR);
In-Ho Hwang, Seoul (KR);
Dae-Lim Park, Gyeongbuk (KR);
Ki-Hyun Lyu, Gyeonggi (KR)
Correspondence Address:
HOLLAND & KNIGHT LLP
2099 PENNSYLVANIA AVE, SUITE 100
WASHINGTON, DC 20006 (US)
(73) Assignee: LG DISPLAY CO., LTD., Seoul
(KR)
(21) Appl. No.: 12/318,271
(22) Filed: Dec. 23,2008
(30) Foreign Application Priority Data
Jun. 25,2008  (KR) .cccooeiiiecne 10-2008-0060328

Aug. 25,2008 (KR) .cccoovrviieriianne 10-2008-0082964

Publication Classification

(51) Int.CL

GO2F 1/1368 (2006.01)
LG TR X &) R 349/46
(57) ABSTRACT

An array substrate for a fringe field switching mode liquid
crystal display device includes a plurality of gate lines on a
substrate; a gate insulating layer on the plurality of gate lines;
a plurality of data lines on the gate insulating layer and cross-
ing the plurality of gate lines to define a plurality of pixel
regions; a thin film transistor electrically connected to the
gate and data lines and in each pixel region; a pixel electrode
having a plate shape and in the each pixel region, the pixel
electrode connected to a portion of the thin film transistor; a
first passivation layer on the pixel electrode and over the thin
film transistor; and a common electrode on the first passiva-
tion layer and having a plurality of openings of a bar shape in
the each pixel region, each of the openings having a major
axis along the data line and a minor axis along the gate line,
wherein a center portion of each opening overlaps the pixel
electrode, and both ends along the major axis of each opening
protrude beyond the pixel electrode.
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ARRAY SUBSTRATE FOR FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND FRINGE FIELD
SWITCHING MODE LIQUID CRYSTAL

DISPLAY DEVICE INCLUDING THE SAME

[0001] The present application claims the benefit of Korean
Patent Application Nos. 10-2008-0060328 and 10-2008-
0082964, filed in Korea on Jun. 25, 2008 and Aug. 25, 2008,
respectively, all of which are hereby incorporated by refer-
ence in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinventionrelates to a fringe field switch-
ing (FFS) mode liquid crystal display (LCD) device, and
more particularly, to an array substrate for an FFS mode LCD
device capable of improving transmittance and aperture ratio
and an FFS mode LCD device including the array substrate.
The FFS mode LCD device can display a high quality image.
[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] Sincethe 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. FIG. 1is
a cross-sectional view of the related art IPS mode LCD
device. As shown in FIG. 1, the array substrate and the color
filter substrate are separated and face each other. The array
substrate includes a first substrate 10, a common electrode 17
and a pixel electrode 30. Though not shown, the array sub-
strate may include a TFT, a gate line, a data line, for example.
The color filter substrate includes a second substrate 9, a color
filter layer (not shown), for example. A liquid crystal layer 11
is interposed between the first substrate 10 and the second
substrate 9. Since the common electrode 17 and the pixel
electrode 30 are formed on the first substrate 10 on the same

Dec. 31, 2009

level, a horizontal electric field “L” is generated between the
common and pixel electrodes 17 and 30.

[0009] FIGS.2A and 2B are cross-sectional views showing
turned on/off conditions of the related art IPS mode LCD
device. As shown in FIG. 2A, when the voltage is applied to
the IPS mode L.CD device, liquid crystal molecules 11a above
the common electrode 17 and the pixel electrode 30 are
unchanged. But, liquid crystal molecules 115 between the
common electrode 17 and the pixel electrode 30 are horizon-
tally 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. However, the IPS mode LCD
device has poor aperture ratio and transmittance.

[0010] A fringe field switching (FFS) mode LCD device
has been introduced to resolve the above-mentioned limita-
tions. In the FFS mode LCD device, the liquid crystal mol-
ecules are driven by a fringe field.

[0011] FIG. 3 is a plan view of an array substrate for the
related art FFS mode LCD device. As shown in FIG. 3, an
array substrate includes a substrate 41, a gate line 43, a data
line 51, a thin film transistor (TFT) “Tr”, a common electrode
75 and a pixel electrode 60. The gate line 43 and the data line
51 are formed on the substrate 41 and cross each other to
define a pixel region “P”. The gate line 43 is insulated from
the data line 51 due to a gate insulating layer (not shown). The
TFT “Tr” is formed in each pixel region “P”* and connected to
the gate and data lines 43 and 51. The TFT “Tr” includes a
gate electrode 45, the gate insulating layer, a semiconductor
layer (not shown), a source electrode 55 and a drain electrode
58. The gate electrode 45 is connected to the gate line 43, and
the source electrode 55 is connected to the data line 51.
[0012] Thepixel electrode 60 is formed in each pixel region
“P”. The pixel electrode 60 is electrically connected to the
drain electrode 58 of the TFT “Tr” through a drain contact
hole 59. The pixel electrode 60 has a plate shape and includes
a plurality of openings “op”. Each of the openings “op” has a
bar shape. In addition, the common electrode 75 having a
plate shape is formed on an entire surface of a display region
of the substrate 41. The common electrode 75 overlaps the
pixel electrode 60. Although the common electrode 75 is
formed on an entire surface of the display region of the
substrate 41, the common electrode 75 corresponding to one
pixel region “P” is marked by a dot-line.

[0013] Inthe array substrate for the FFS mode LCD device
having the above structure, when voltages are applied to the
common electrode 75 and the pixel electrodes 60, a fringe
field is induced between the pixel and common electrodes 60
and 75.

[0014] Inthe above array substrate for the FFS mode LCD
device, the openings “op” of the pixel electrode 60 perfectly
overlaps the common electrode 75. In this case, an uniform
electric field is not generated at both end portions of the
opening “op” along a major axis of the opening “op”. The end
portions, where non-uniform electric field is generated, may
be referred to as a disclination area “DA”. Namely, the liquid
crystal molecules in the disclination area “DA” have non-
uniform arrangements. Since the FFS mode LCD device has
a less transmittance in the disclination area “DA” than other
areas with an ON state, there are dark images in the disclina-
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tionarea “DA”, as shown in FIG. 4 showing a picture showing
a pixel region of an array substrate for the related art FFS
mode LCD device.

[0015] The FFS mode LCD device has a decrease of trans-
mittance and displaying quality due to the disclination area.

[0016] FIG. 5 is a plan view of the related art FFS mode
LCD device. As shown in FIG. 5, the FFS mode LCD device
40 includes a first substrate 42, a second substrate (not shown)
and a liquid crystal layer (not shown) interposed therebe-
tween.

[0017] Onthefirst substrate 42, a gate line 44, a data line 52,
a thin film transistor (TFT) “Tr”, a common electrode 76 and
a pixel electrode 61 are formed. The gate line 44 and the data
line 52 are formed on the first substrate 42 and cross each
otherto define a pixel region “P”. The gate line 44 is insulated
from the data line 52 due to a gate insulating layer (not
shown). The TFT “Tr” is formed in each pixel region “P” and
connected to the gate and data lines 44 and 52. The TFT “Tr”
includes a gate electrode 46, the gate insulating layer, a semi-
conductor layer (not shown), a source electrode 56 and a drain
electrode 59. The gate electrode 46 is connected to the gate
line 44, and the source electrode 56 is connected to the data
line 52.

[0018] Thepixel electrode 61 is formed in each pixel region
“P”. The pixel electrode 61 is electrically connected to the
drain electrode 59 of the TFT ““Tr”. The pixel electrode 61 has
a plate shape and includes a plurality of openings “o”. Each of
the openings “op” has a bar shape. The pixel electrode 61 is
disposed inside of the pixel region “P”. Namely, the pixel
electrode 61 does not overlap the gate and data lines 44 and 52
and is spaced apart from the gate and data lines 44 and 52 by
a predetermined distance. The reason why the pixel electrode
does not overlap the gate and data lines 44 and 52 is that there
is a parasitic capacitance between the gate line 44 the pixel
electrode 61 and between the data line 52 and the pixel elec-
trode 61 such that a distortion in an electrical field is gener-
ated when the pixel electrode overlaps the gate and data lines
44 and 52 with the gate insulating layer (not shown) therebe-
tween. Accordingly, to prevent these problems, the pixel elec-
trode does not overlap the gate and data lines 44 and 52.

[0019] Inaddition, the common electrode 76 having a plate
shape is formed on an entire surface of a display region of the
first substrate 42. The common electrode 76 overlaps the pixel
electrode 61. Although the common electrode 76 is formed on
an entire surface of the display region of the first substrate 42,
the common electrode 76 corresponding to one pixel region
“P” is marked by a dot-line. The first substrate 42, where the
gate line 44, the data line 52, the TFT “Tr”, the pixel electrode
61 and the common electrode 76 are formed, may be referred
to as an array substrate.

[0020] Inthe array substrate for the FF'S mode LCD device
having the above structure, when voltages are applied to the
common electrode 76 and the pixel electrodes 61, a fringe
field is induced between the pixel and common electrodes 61
and 76.

[0021] On the second substrate (not shown) facing the first
substrate 42, a color filter layer (not shown) and a black
matrix 85 are formed. The color filter layer includes color
filter patterns of red, green and blue colors. The color filter
patterns correspond to the pixel region “P”. The black matrix
85 is disposed to correspond to boundaries of the pixel region
“P”. Namely, the black matrix 85 corresponds to the gate line
44, the data line 52 and the TFT “Tr”.
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[0022] Inthe above array substrate for the FFS mode LCD
device, the openings “op” of the pixel electrode 60 perfectly
overlaps the common electrode 75. In this case, an uniform
electric field is not generated at both end portions of the
opening “op” along a major axis of the opening “op”. The end
portions, where non-uniform electric field is generated, may
be referred to as a disclination area “DA”. Namely, the liquid
crystal molecules in the disclination area “DA” have non-
uniform arrangements. Since the FFS mode LCD device has
a less transmittance in the disclination area “DA” than other
areas with an ON state, there are dark images in the disclina-
tion area “DA”.

[0023] Since light is abnormally transmitted in the discli-
nation area “DA”, there is a decrease of displaying quality.
Accordingly, the black matrix 85 extends to shield the discli-
nation area “DA”. When the black matrix 85 has wider area,
there is a decrease in aperture ratio and transmittance.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to an
array substrate for an FFS mode LCD device and an FFS
mode LCD device including the same that substantially obvi-
ate one or more of the problems due to limitations and disad-
vantages of the related art.

[0025] 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.

[0026] 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
plurality of gate lines on a substrate; a gate insulating layer on
the plurality of gate lines; a plurality of data lines on the gate
insulating layer and crossing the plurality of gate lines to
define a plurality of pixel regions; a thin film transistor elec-
trically connected to the gate and data lines and in each pixel
region; a pixel electrode having a plate shape and in the each
pixel region, the pixel electrode connected to a portion of the
thin film transistor; a first passivation layer on the pixel elec-
trode and over the thin film transistor; and a common elec-
trode on the first passivation layer and having a plurality of
openings of a bar shape in the each pixel region, each of the
openings having a major axis along the data line and a minor
axis along the gate line, wherein a center portion of each
opening overlaps the pixel electrode, and both ends along the
major axis of each opening protrude beyond the pixel elec-
trode.

[0027] In another aspect of the present invention, an array
substrate for a fringe field switching mode liquid crystal
display device includes a plurality of gate lines on a substrate;
a gate insulating layer on the plurality of gate lines; a plurality
of data lines on the gate insulating layer and crossing the
plurality of gate lines to define a plurality of pixel regions; a
thin film transistor electrically connected to the gate and data
lines and in each pixel region; a pixel electrode having a plate
shape and in the each pixel region, the pixel electrode con-
nected to a portion of the thin film transistor; a passivation
layer on the pixel electrode and over the thin film transistor;
and a common electrode on the passivation layer and having
a plurality of openings of a bar shape in the each pixel region,
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each of the openings having a major axis along the data line
and a minor axis along the gate line, wherein a center portion
of'each opening overlaps the pixel electrode, and an end along
the minor axis of an outermost opening of the plurality of
openings protrudes beyond the pixel electrode.

[0028] In another aspect of the present invention, an array
substrate for a fringe field switching mode liquid crystal
display device includes a plurality of gate lines on a substrate;
a gate insulating layer on the plurality of gate lines; a plurality
of data lines on the gate insulating layer and crossing the
plurality of gate lines to define a plurality of pixel regions; a
thin film transistor electrically connected to the gate and data
lines and in each pixel region; a pixel electrode having a plate
shape and in the each pixel region, the pixel electrode con-
nected to a portion of the thin film transistor and overlapping
a portion of the gate line; a passivation layer on the pixel
electrode and over the thin film transistor; and a common
electrode on the passivation layer and having a plurality of
openings of a bar shape in the each pixel region, each of the
openings having a major axis along the data line and a minor
axis along the gate line, wherein a center portion of each
opening overlaps the pixel electrode, and both ends along the
major axis of each opening overlap the gate line.

[0029] In another aspect of the present invention, an array
substrate for a fringe field switching mode liquid crystal
display device includes a plurality of gate lines on a substrate;
a gate insulating layer on the plurality of gate lines; a plurality
of data lines on the gate insulating layer and crossing the
plurality of gate lines to define a plurality of pixel regions; a
thin film transistor electrically connected to the gate and data
lines and in each pixel region; a pixel electrode having a plate
shape and in the each pixel region, the pixel electrode con-
nected to a portion of the thin film transistor and overlapping
a portion of the gate line; a passivation layer on the pixel
electrode and over the thin film transistor; and a common
electrode on the passivation layer and having a plurality of
openings of a bar shape in the each pixel region, each of the
openings running across through the pixel regions along each
data line.

[0030] In another aspect of the present invention, a fringe
field switching mode liquid crystal display device includes
first and second substrate facing each other; a plurality of gate
lines on the first substrate; a gate insulating layer on the
plurality of gate lines; a plurality of data lines on the gate
insulating layer and crossing the plurality of gate lines to
define a plurality of pixel regions; a thin film transistor elec-
trically connected to the gate and data lines and in each pixel
region; a pixel electrode having a plate shape and in the each
pixel region, the pixel electrode connected to a portion of the
thin film transistor; a passivation layer on the pixel electrode
and over the thin film transistor; a common electrode on the
passivation layer and having a plurality of openings of a bar
shape in the each pixel region, each of the openings having a
major axis along the data line and a minor axis along the gate
line, wherein a center portion of each opening overlaps the
pixel electrode, and both ends along the major axis of each
opening protrude beyond the pixel electrode; a black matrix
on the second substrate and surrounding the each pixel
region; a color filter layer on the second substrate and corre-
sponding to the each pixel region; and a liquid crystal layer
between the first and second substrates.

[0031] In another aspect of the present invention, a fringe
field switching mode liquid crystal display device includes
first and second substrate facing each other; a plurality of gate
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lines on the first substrate; a gate insulating layer on the
plurality of gate lines; a plurality of data lines on the gate
insulating layer and crossing the plurality of gate lines to
define a plurality of pixel regions; a thin film transistor elec-
trically connected to the gate and data lines and in each pixel
region; a pixel electrode having a plate shape and in the each
pixel region, the pixel electrode connected to a portion of the
thin film transistor; a passivation layer on the pixel electrode
and over the thin film transistor; a common electrode on the
passivation layer and having a plurality of openings of a bar
shape in the each pixel region, each of the openings having a
major axis along the data line and a minor axis along the gate
line, wherein a center portion of each opening overlaps the
pixel electrode, and an end along the minor axis of an outer-
most opening of the plurality of openings protrudes beyond
the pixel electrode; a black matrix on the second substrate and
surrounding the each pixel region; a color filter layer on the
second substrate and corresponding to the each pixel region;
and a liquid crystal layer between the first and second sub-
strates.

[0032] In another aspect of the present invention, a fringe
field switching mode liquid crystal display device includes
first and second substrate facing each other; a plurality of gate
lines on the first substrate; a gate insulating layer on the
plurality of gate lines; a plurality of data lines on the gate
insulating layer and crossing the plurality of gate lines to
define a plurality of pixel regions; a thin film transistor elec-
trically connected to the gate and data lines and in each pixel
region; a pixel electrode having a plate shape and in the each
pixel region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate line;
apassivation layer on the pixel electrode and over the thin film
transistor; a common electrode on the first passivation layer
and having a plurality of openings of a bar shape in the each
pixel region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein a
center portion of each opening overlaps the pixel electrode,
and both ends along the major axis of each opening overlap
the gate line; a black matrix on the second substrate and
shielding the data lines and the thin film transistor except the
gate lines; a color filter layer on the second substrate and
corresponding to the each pixel region; and a liquid crystal
layer between the first and second substrates.

[0033] In another aspect of the present invention, a fringe
field switching mode liquid crystal display device includes
first and second substrate facing each other; a plurality of gate
lines on the first substrate; a gate insulating layer on the
plurality of gate lines; a plurality of data lines on the gate
insulating layer and crossing the plurality of gate lines to
define a plurality of pixel regions; a thin film transistor elec-
trically connected to the gate and data lines and in each pixel
region; a pixel electrode having a plate shape and in the each
pixel region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate line;
apassivation layer on the pixel electrode and over the thin film
transistor; a common electrode on the first passivation layer
and having a plurality of openings of a bar shape in the each
pixel region, each of the openings running across through the
pixel regions along each data line; a black matrix on the
second substrate and shielding the data lines and the thin film
transistor except the gate lines; a color filter layer on the
second substrate and corresponding to the each pixel region;
and a liquid crystal layer between the first and second sub-
strates.
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[0034] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] 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.
[0036] In the drawings:

[0037] FIG.11isacross-sectional view of the related art IPS
mode LCD device.

[0038] FIGS.2A and 2B are cross-sectional views showing
turned on/off conditions of the related art IPS mode LCD
device.

[0039] FIG. 3 is a plan view of an array substrate for the
related art FFS mode LCD device.

[0040] FIG. 4 shows a picture showing a pixel region of an
array substrate for the related art FFS mode LCD device
[0041] FIG. 5 is a plan view of the related art FF'S mode
LCD device.

[0042] FIG. 6isaplanview of an array substrate for an FFS
mode LCD device according to a first embodiment of the
present invention.

[0043] FIG. 7 is a cross-sectional view taken along the line
VI-VI of FIG. 6.

[0044] FIG. 8is a cross-sectional view taken along the line
VII-VII of FIG. 6.

[0045] FIG. 9 is a cross-sectional view taken along the line
VII-VIII of FIG. 6.

[0046] FIG. 10 is a plan view of an array substrate for an
FFS mode LCD device according to a modified embodiment
of the first embodiment of the present invention.

[0047] FIG. 11 is a plan view of an array substrate for an
FFS mode LCD device according to a second embodiment of
the present invention.

[0048] FIG. 12 is a plan view of an array substrate for an
FFS mode LCD device according to a modified embodiment
of the second embodiment of the present invention.

[0049] FIG. 13 is a plan view of an FFS mode LCD device
according to a third embodiment of the present invention.
[0050] FIG. 14 is across-sectional view taken along the line
XIV-XIV of FIG. 13.

[0051] FIG.15is across-sectional view taken along the line
XV-XV of FIG. 13.

[0052] FIG. 16 is a plan view of an FFS mode LCD device
according to a modified embodiment of the third embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0053] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0054] FIG. 6is aplan view of an array substrate for an FFS
mode LCD device according to a first embodiment of the
present invention, and FIG. 7 is a cross-sectional view taken
along the line VI-VIof FIG. 6. FIG. 8 is a cross-sectional view
taken along the line VII-VII of FIG. 6, and FIG. 9 is a cross-
sectional view taken along the line VIII-VIII of FIG. 6. A
display region, where a plurality of pixel region are formed, a
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non-display region, where a pad region is formed, and a
switching region, where a TFT as a switching element is
formed, are respectively defined on the array substrate. The
non-display region is disposed at a periphery of the display
region, and the switching region is disposed in the pixel
region.

[0055] In FIG. 5, a gate line 105 is formed on a substrate
101 along a first direction. A data line 130 along a second
direction crosses the gate line 105 such that a pixel region “P”
is defined.

[0056] Inthe pixel region “P”, a TFT “Tr” connected to the
gate and data lines 105 and 130 is formed. The TFT “Tr”
includes a gate electrode 108, a gate insulating layer (not
shown), a semiconductor layer (not shown) including an
active layer (not shown) of intrinsic amorphous silicon and an
ohmic contact layer (not shown) of impurity-doped amor-
phous silicon, a source electrode 133 and a drain electrode
136. The source electrode 133 is spaced apart from the drain
electrode 136. In FIG. 5, to improve aperture ratio, the gate
electrode 108 is a portion of the gate line 105 such that the
TFT “Tr” is formed on the gate line 105. However, the gate
electrode 105 may protrude from the gate line 105 into the
pixel region “P”.

[0057] A pixel electrode 155 having a plate shape is dis-
posed in the pixel region “P”. The pixel electrode 155 is
connected to the drain electrode 136 of the TFT “Tr” through
the drain contact hole 150. In addition, a common electrode
170 having a plurality of openings “op” is formed on an entire
surface of the display region. Each of the openings “op” has a
bar shape. The common electrode 170 corresponding to one
pixel region “P” is marked by a dot-line.

[0058] The openings “op” is positioned in the pixel region
“P” to overlap the pixel electrode 155. Each opening “op” has
amajor axis along the data line 130 and a minor axis along the
gate line 105. A center portion of the opening “op” overlaps
the pixel electrode 155, while both ends along the major axis
of the opening “op” protrude beyond the pixel electrode 155.
Namely, the both ends along the major axis of the opening
“op” are shown to be positioned outside of the pixel electrode
155, and other portions of the opening “op” are shown to be
positioned inside of the pixel electrode 155. Each opening
“op” of the common electrode 170 has a major length greater
than the pixel electrode 155 such that the both ends of the
opening “op” along the major axis do not overlap the pixel
electrode 155. To the above structure, the openings should be
formed on the common electrode, not the pixel electrode. The
common electrode 170 covers the TFT “Tr” in FIG. 6. How-
ever, a portion of the common electrode 170 corresponding to
the TFT “Tr” may be removed such that a portion of the
second passivation layer 160 is exposed.

[0059] Inthe both ends of the opening “op” along the major
axis, an electric field is not generated or is very weak at a
minor side surface of the opening “op”. Liquid crystal mol-
ecules at the both ends of the opening “op” along the major
axis are driven by an electric field generated at a major side
surface of the opening “op” to have an uniform arrangement.
As aresult, the disclination area “DA” (of FIG. 3) show in the
related art FF'S mode LCD device may be not generated in the
FFS mode LCD device according to the present invention. Or,
even if there is the disclination area in the FFS mode LCD
device, there is no decrease in aperture ratio because the
disclination area overlaps the gate line 105. Accordingly, the
FFS mode LCD device has improved aperture ratio and trans-
mittance.
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[0060] Referring to FIG. 10, which is a plan view of an
array substrate for an FFS mode LCD device according to a
modified embodiment of the first embodiment of the present
invention, openings “op” in pixel regions adjacent to each
other along the data line 130 are connected to each other.
Namely, the openings “op” in pixel regions adjacent to each
other along the data line 130 runs across the gate line 105. The
openings “op” are formed throughout the pixel regions “P”
arranged along the single data line 130 and a single stripe
shape. The FFS mode LCD device according to the modified
embodiment of the first embodiment also has improved aper-
ture ratio and transmittance.

[0061] Since there is no end of the opening “op” the pixel
region “P” except a pixel region “P” in edges of the display
region, there is no electric field by a minor side surface of the
opening “op”. Accordingly, the liquid crystal molecules at all
surface of the pixel region “P” has an uniform arrangement.
Moreover, an end along the major axis of the opening in
outermost pixel regions (not shown) protrudes beyond the
pixel electrode such that a generation of the disclination area
can be prevented or minimized.

[0062] Referringto FIGS. 7109, a cross-sectional structure
ofthe array substrate for the FF'S mode LCD device according
to the first embodiment, of the present invention is explained.
The array substrate for the FFS mode L.CD device has a
difference in a cross-sectional structure along the line VIII-
VIII with compared the array substrate for FFS mode LCD
device according to the first embodiment.

[0063] InFIGS.7t09,thearray substrate for the FFS mode
LCD device according to the first embodiment of the present
invention includes the gate line 105 and the gate electrode 108
on the substrate 101. The substrate 101 may be transparent.
Each of the gate line 105 and the gate electrode 108 is formed
of a metallic material having a low resistance property. For
example, the metallic material may include one of aluminum
(Al), Al alloy (AINd), copper (Cu), Cu alloy, chrome (Cr) and
molybdenum (Mo). The gate electrode 108 is connected to
the gate line 105 and disposed in the switching region “TrA”.
[0064] Although each of the gate line 105 and the gate
electrode 108 has a single-layered structure in FIGS. 7 and 9,
each of the gate line 105 and the gate electrode 108 may have
a double-layered structure. In this case, a lower layer of the
double-layered structure may be formed of a metallic mate-
rial having a low resistance property, such as Al, Al alloy, Cu
and Cu alloy, and an upper layer of the double-layered struc-
ture may be formed of Mo.

[0065] On the gate line 105 and the gate electrode 108, a
gate insulating layer 115 is formed of an inorganic insulating
material such as silicon oxide (SiO,) and silicon nitride
(SiNx). The semiconductor layer 120 including the active
layer 1204 of intrinsic amorphous silicon and the ohmic con-
tact layer 1205 of impurity-doped amorphous silicon is
formed on the gate insulating layer 115 and in the switching
region “TrA”. The source and drain electrodes 133 and 136
spaced apart from each other are formed on the semiconduc-
tor layer 120. A portion of the ohmic contact layer 1205 is
etched such that a portion of the active layer 120a is exposed
between the source and drain electrodes 133 and 136.
[0066] Inaddition, the data line 130, which crosses the gate
line 105 to define the pixel region “P”, is formed on the gate
insulating layer 115. The source electrode 133 of the TFT
“Tr” is connected to the data line 130.

[0067] A semiconductor pattern 121 including first and
second patterns 121a and 1215 is disposed between the data
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line 130 and the gate insulating layer 115. The semiconductor
pattern 121 is formed of the same material as the semicon-
ductor layer 120. Whether the semiconductor pattern 121 is
formed or not is determined by a fabricating method.

[0068] Namely, when the semiconductor layer 120, the data
line 130 and the source and drain electrodes 133 and 136 are
formed by a single mask process, there is the semiconductor
pattern 121 under the data line 130, as shown in FIG. 8.
However, if the semiconductor layer 120 is formed by a mask
process different from a mask process for the data line 130
and the source and drain electrodes 133 and 136, there is no
semiconductor pattern 121 under the data line 130.

[0069] A first passivation layer 140 covering the data line
130 and the TFT “Ir” is formed of one of an inorganic
insulating material and an organic insulating material. The
inorganic insulating material includes one of silicon oxide
(Si02) and silicon nitride (SiNx), and the organic insulating
material includes one of benzocyclobuten (BCB) and photo-
acryl. In FIGS. 7 to 9, since the first passivation layer 140 is
formed an inorganic insulating material, the first passivation
layer 140 has a step difference. However, when the first pas-
sivation layer 140 is formed an organic insulating material,
the first passivation layer 140 has a flat top surface. The first
passivation layer 140 has a drain contact hole 150 exposing a
portion of the drain electrode 136 of the TFT “Tr”.

[0070] The pixel electrode 155 having a plate shape is
formed in each pixel region “P” and on the first passivation
layer 140 having the drain contact hole 150. The pixel elec-
trode 155 contacts the drain electrode 136 through the drain
contact hole 150 and is formed of a transparent conductive
material such as indium-tin-oxide (ITO) and indium-zinc-
oxide (IZO).

[0071] On the other hand, the pixel electrode 155 may
directly contact the drain electrode 136 of the TFT “Tr” and
disposed directly on the gate insulating layer 115. In this case,
the first passivation layer 140 having the drain contact hole
150 may be omitted.

[0072] A second passivation layer 160 is formed on the
pixel electrode 155. The second passivation layer 160 is
formed of one of the inorganic insulating material and an
organic insulating material. The common electrode 170 of the
transparent conductive material is formed on the second pas-
sivation layer 160 and on an entire surface of the display
region of the substrate 101. The common electrode 170 has a
plate shape and a plurality of openings “op” spaced apart from
each other in each pixel region “P”. Each opening “op” has a
bar shape and has a major axis along the data line 130. The
major length of the opening “op” is greater than that of the
pixel electrode 155. Accordingly, a center portion of the open-
ing “op” overlaps the pixel electrode 155, while both ends
along the major axis of the opening “op” protrude beyond the
pixel electrode 155. In other word, each end along the major
axis of the opening “op” is much adjacent to the gate line 105
than the pixel electrode 155.

[0073] Inthe array substrate for the FFS mode LCD device
according to the modified embodiment of the first embodi-
ment, the opening “op” extends to run across the adjacent
pixel regions “P” along the data line 130. Namely, the open-
ing “op” has a single stripe shape at an entire of the display
region. Accordingly, the common electrode is not shown in
FIG. 8. In this case, since there is an end along the major axis
of the opening in outermost pixel region (not shown), the end
along the major axis of the opening in outermost pixel regions
(not shown) protrudes beyond the pixel electrode.



US 2009/0322975 Al

[0074] There are three openings “op” in each pixel region
“P”. Moreover, the openings “op” are spaced apart from each
other by the same distance. However, to obtain an efficient
fringe field, the common electrode 170 may have two to ten
openings “op”.

[0075] In the non-display region at a periphery of the dis-
play region, there are gate pad region (not shown) and the data
pad region (not shown). In the gate pad region, a gate pad
electrode (not shown) connected to the gate line 105 is dis-
posed. In the data pad region, a data pad electrode (not shown)
connected to the data line 130 is disposed. In addition, a
common pad electrode (not shown) connected to the common
electrode 170 for applying a common voltage into the com-
mon electrode 170 is formed in the non-display region.

[0076] The gate insulating layer 115 and the first and sec-
ond passivation layers 140 and 160 on the gate pad electrode
are removed such that a gate pad contact hole (not shown)
exposing the gate pad electrode is formed. The first and sec-
ond passivation layers 140 and 160 on the data pad electrode
are removed such that a data pad contact hole (not shown)
exposing the data pad electrode is formed.

[0077] In addition, a gate auxiliary pad electrode (not
shown) contacting the gate pad electrode through the gate pad
contact hole is formed on the second passivation layer 160
and in the gate pad region. A data auxiliary pad electrode (not
shown) contacting the data pad electrode through the data pad
contact hole is formed on the second passivation layer 160
and in the gate pad region. Each of the gate and data auxiliary
pad electrodes is formed of the same material as the common
electrode 170. The common pad electrode is disposed in one
of the gate pad region and the data pad region. The common
pad electrode extends from the common electrode 170 as a
line shape.

[0078] In an array substrate for an FFS mode LCD device
according to a second embodiment of the present invention,
there is only difference in a positional relation between an
opening ina common electrode and a pixel electrode. Accord-
ingly, an explanation is focused on the differences.

[0079] Although not shown, the above array substrate is
attached with a color filter substrate including a black matrix
and a color filter layer such that an FFS mode LCD device is
obtained.

[0080] FIG. 11 is a plan view of an array substrate for an
FFS mode LCD device according to a second embodiment of
the present invention. Although only both ends along the
major axis of the opening “op” in the common electrode are
shown to be positioned outside the pixel electrode in FIG. 6,
not only both ends along a major axis of an opening “op”in a
common electrode 270 but also an end along a minor axis of
an outermost openings “opl” in each pixel region “P” is
shown to be positioned outside a pixel electrode 255 in FIG.
11. Namely, the end along the minor axis of the outermost
openings “opl” in each pixel region “P” protrudes beyond the
pixel electrode 255. Ends of the minor axis of other openings
“op2” in center of the pixel region “P” is not protrude the pixel
electrode 255 and overlaps the pixel electrode 255.

[0081] The reason why the end along the minor axis of the
outermost openings “opl” in each pixel region “P” protrudes
beyond the pixel electrode 255 is that an uniform fringe field
along a center of the pixel-region “P” is generated at the
outermost opening “opl”. As a result, an electric field by a
fringe field is not generated or is very weak at the outermost
opening “op1”.
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[0082] On the other hand, referring to FIG. 12, which is a
plan view of an array substrate for an FFS mode LCD device
according to a modified embodiment of the second embodi-
ment of the present invention, both ends along a major axis of
the openings “op1” and “op2” in each pixel region “P” over-
laps the pixel electrode 255, while an end along a minor axis
of the outermost opening “op1” is positioned to be disposed
outside of the pixel electrode 255. Namely, each of the open-
ings “op1” and “op2” has a major axial length smaller than the
pixel electrode. As a result, the center opening “op2” com-
pletely overlap the pixel electrode 255. However, the end
along the minor axis of the outermost opening “opl1” pro-
trudes beyond the pixel electrode 255.

[0083] Similar to the modified embodiment of the first
embodiment shown in FIG. 10, in the array substrate for the
FFS mode LCD device according to the second embodiment
and the array substrate for the FFS mode LCD device accord-
ing to the modified embodiment of the second embodiment,
the openings “opl” and “op2” may run across the pixel
regions along each data line 230.

[0084] Although not shown, the above array substrate is
attached with a color filter substrate including a black matrix
and a color filter layer such that an FFS mode LCD device is
obtained.

[0085] Hereinafter, a fabricating method of the array sub-
strate for the FFS mode LCD device according to the first
embodiment is briefly explained with reference to FIGS. 6 to
9. The second embodiment and the modified embodiment of
the second embodiment have a difference in a positional
relation between the opening of the common electrode and
the pixel electrode. Accordingly, the explanation of the fab-
ricating process is focused on the first embodiment. A switch-
ing region “TrA” where a TFT “Tr” is formed is defined in
each pixel region “P”.

[0086] First, a first metallic material having a low resis-
tance property is on the substrate 101 to form a first metal
layer (not shown). For example, the first metallic material
include one of aluminum (Al), Al alloy (AINd), copper (Cu),
Cu alloy, chrome (Cr) and molybdenum (Mo). The first metal
layer is patterned by a mask process to form the gate line 105
along a first direction and the gate electrode 108 in the switch-
ing region “TrA”. The gate electrode 108 is connected to the
gate line 105. The mask process includes a step of coating a
photoresist (PR) layer on the first metal layer, a step of expos-
ing the PR layer using a mask, a step of developing the
exposed PR layer to form a PR pattern, a step of etching the
first metal layer using the PR pattern as an etching mask and
stripping remained the PR pattern. At the same time, the gate
pad electrode (not shown) connected to an end of the gate line
105 is formed in the gate pad region (not shown).

[0087] Although the gate line 105 and the gate electrode
108 having a single-layered structure are shown, each of the
gate line 105 and the gate electrode 108 may have a double-
layered structure. For example, a lower layer of the double-
layered structure may be formed of Al alloy, and an upper
layer of the double-layered structure may be formed of Mo.

[0088] Next, the gate insulating layer 115 is formed on the
gate line 105 and the gate electrode 108 by depositing an
inorganic insulating material such as silicon oxide (SiO,) and
silicon nitride (SiNx). Next, an intrinsic amorphous silicon
layer (not shown), an impurity-doped amorphous silicon
layer (not shown) and a second metal layer (not shown) are
sequentially stacked on the gate insulating layer 115. The
second metal layer is formed by depositing one of aluminum
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(Al), Al alloy (AINd), copper (Cu) and Cu alloy. Then, a PR
layer (not shown) is formed on the second metal layer, and the
PR layer is developed by a half-tone exposing method or a
refractive exposing method to form first and second PR pat-
terns (not shown) having a difference in a thickness.

[0089] Next, the second metal layer exposed by the first and
second PR patterns, and the impurity-doped amorphous sili-
con layer and the intrinsic amorphous silicon layer under the
exposed second metal layer are sequentially etched to form
the data line 130 along a second direction. The data line 130
crosses the gate line 105 to define the pixel region “P”. At the
same time, the active layer 120a, an ohmic contact pattern
(not shown) and a source-drain pattern (not shown) are
stacked on the gate insulating layer 115 and in the switching
region “TrA”. Moreover, the data pad electrode (not shown)
connected to an end of the data line 130 is formed in the data
pad region (not shown).

[0090] Next, an ashing process is performed to remove the
second PR pattern having a smaller thickness than the first PR
pattern. A center portion of the source-drain pattern is
exposed by removing the second PR pattern. The center por-
tion of the source-drain pattern and a portion of the ohmic
contact pattern under the center portion of the source-drain
pattern are etched to form the source and drain electrodes 133
and 136 and the ohmic contact layer 1205 under the source
and drain electrodes 133 and 136. A portion of the active layer
120a is exposed. The gate electrode 108, the gate insulating
layer 115, the semiconductor layer 120 including the active
layer 120a and the ohmic contact layer 1205, the source
electrode 133 and the drain electrode 136 constitute the TFT
“Tr” in the switching region “TrA”. Since the semiconductor
layer 120 and the source and drain electrodes 133 and 136 are
formed by a single mask process, there is the semiconductor
pattern 121 including the first and second patterns 121a and
1215, which are respectively formed of the same material as
the active layer 120a and the ohmic contact layer 1205, under
the data line 130 formed of the same material and on the same
layer as the source and drain electrodes 133 and 136.

[0091] On the other hand, the semiconductor layer 120 may
be formed by a mask process different from the source and
drain electrodes 133 and 136. Namely, the semiconductor
layer 120 and the source and drain electrodes 133 and 136
may be formed by two mask processes. In this case, the
intrinsic amorphous silicon layer and the impurity-doped
amorphous silicon layer stacked on the gate insulating layer
are etched by one mask process to form the active layer 120a
and the ohmic contact pattern. Then, the second metal layer is
formed on the ohmic contact pattern. Next, the second metal
layer is patterned by another mask process to form the data
line 130, the source electrode 133 and the drain electrode 136,
and a portion of the ohmic contact pattern exposed between
the source and drain electrodes 133 and 136 is removed to
expose a portion of the active layer 120a and form the ohmic
contact layer 1205. In this case, there is no semiconductor
pattern under the data line 130.

[0092] Next, an inorganic insulating material, such as sili-
con oxide (Si02) and silicon nitride (SiNx), is deposited or an
organic insulating material, such as benzocyclobutene (BCB)
and photo-acryl, is coated on the TFT “Tr” and the data line
130 to form the first passivation layer 140. Then, the first
passivation layer 140 is patterned to form the drain contact
hole 150 exposing a portion of the drain electrode 136. As
mentioned above, the first passivation layer 140 may be omit-
ted.
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[0093] Next,atransparent conductive material, such as ITO
and 1Z0, is deposited on the first passivation layer 140 includ-
ing the drain contact hole 150 to form a first transparent
conductive material layer. The first transparent conductive
material layer is patterned by a mask process to form the pixel
electrode 155 having a plate shape and connected to the drain
electrode 136 through the drain contact hole 150. If the first
passivation layer 140 is omitted, the pixel electrode 155 is
disposed directly on the gate insulating layer 115 and directly
contacts the drain electrode 136.

[0094] Next, an inorganic insulating material, such as sili-
con oxide (Si02) and silicon nitride (SiNx), is deposited or an
organic insulating material, such as benzocyclobutene (BCB)
and photo-acryl, is coated on the pixel electrode 155 to form
the second passivation layer 160.

[0095] The second passivation layer 160, the first passiva-
tion layer 140 and the gate insulating layer 115 in the gate pad
region are removed to form the gate pad contact hole (not
shown) exposing the gate pad electrode. In addition, the sec-
ond passivation layer 160 and the first passivation layer 140 in
the data pad region are removed to form the data pad contact
hole (not shown) exposing the data pad electrode.

[0096] Next,a transparent conductive material, such as ITO
and 170, is deposited on the second passivation layer 160
including the gate pad contact hole and the data pad contact
hole to form a second transparent conductive material layer.
The second transparent conductive material layer is patterned
by a mask process to form the common electrode 170 in an
entire surface of the display region. The common electrode
170 has a plate shape. At the same time, the gate auxiliary pad
electrode (not shown) contacting the gate pad electrode
through the gate pad contact hole is formed in the gate pad
region, and the data auxiliary pad electrode (not shown) con-
tacting the data pad electrode through the data pad contact
hole is formed in the data pad region. The common electrode
170 has openings as shown in FIGS. 5,9, 10 and 11.

[0097] FIG. 13 is a plan view of an FFS mode LCD device
according to a third embodiment of the present invention,
FIG. 14 is a cross-sectional view taken along the line XIV-
XIV of FIG. 13, and FIG. 15 is a cross-sectional view taken
along the line XV-XV of FIG. 13. For convenience of expla-
nation, a region where a plurality of pixel regions is defined as
a display region.

[0098] InFIG. 13, an FFS mode LCD device 300 includes
afirst substrate 301, a second substrate (not shown) facing the
first substrate 301 and a liquid crystal layer (not shown)
interposed therebetween.

[0099] On the first substrate 301, a gate line 305 is formed
along a first direction. A data line 330 along a second direc-
tion crosses the gate line 305 such that a pixel region “P” is
defined.

[0100] Inthe pixel region “P”, a TFT “Tr” connected to the
gate and data lines 305 and 330 is formed. The TFT “Ir”
includes a gate electrode 308, a gate insulating layer (not
shown), a semiconductor layer (not shown) including an
active layer (not shown) of intrinsic amorphous silicon and an
ohmic contact layer (not shown) of impurity-doped amor-
phous silicon, a source electrode 333 and a drain electrode
336. The source electrode 333 is spaced apart from the drain
electrode 336. In FIG. 13, to improve aperture ratio, the gate
electrode 308 is a portion of the gate line 305 such that the
TFT “Tr” is formed on the gate line 305. However, the gate
electrode 305 may protrude from the gate line 305 into the
pixel region “P”.
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[0101] A pixel electrode 355 having a plate shape is dis-
posed in the pixel region “P”. The pixel electrode 355 is
connected to the drain electrode 336 of the TFT “Tr”. The
pixel electrode 355 overlaps a portion of a previous gate line
305. When the gate line 305 has a second width “t2”, the
overlapped portion of the pixel electrode 355 and the previous
gate line 305 has a first width “t1” with range less than about
50 percentages (%) of the second width “t2”. Namely, the
second width “t2” is equal to or smaller than a half of the first
width “t1”. The second width “t2” of the gate line 305 may be
about 8 micrometers to about 12 micrometers, and the first
width “t1” of the overlapped portion of the pixel electrode 355
and the previous gate line 305 may be about 4 micrometers to
about 6 micrometers. The reason why the second width “t2”
is equal to or smaller than a half of the first width “t1” is that
a distortion in an electric field generated from a coupling
problem in adjacent pixel electrodes 305 is to be prevented. In
the related art FFS mode LCD device, the pixel electrode is
disposed inside the pixel region to prevent a distortion in an
electric field generated from a coupling problem in adjacent
pixel electrodes. However, by a simulation, it is know that a
distortion in an electric field generated from a parasitic
capacitance between the overlapped pixel electrode 355 and
the overlapped previous gate line 305 or a coupling problem
in adjacent pixel electrodes 355 is scarcely generated. Con-
sidering the simulation result, in the FFS mode LCD device
according to the present invention, the second width “t2” of
the overlapped portion between the pixel electrode 355 and
the gate line 305 is equal to or smaller than a half of the first
width “t1” of the gate line 305.

[0102] In addition, a common electrode 370 having a plu-
rality of openings “op” in each pixel region is formed on an
entire surface of the first substrate 301. The openings “op”
overlap the pixel electrode 355 and has a bar shape. The
common electrode 370 corresponding to one pixel region “P”
is marked by a dot-line.

[0103] The opening “op” has a major axis along the data
line 330 and a minor axis along the gate line 305. Both ends
along the major axis of the opening “op” overlap a portion of
the gate lines 305. Each of the openings “op” has a relatively
great major axial length such that the FFS mode LCD device
has improved transmittance.

[0104] Since the both ends along the major axis of the
opening “op” overlap the portion of the gate lines 305, light
can not pass the both ends. Accordingly, even ifa disclination
area is generated at the ends along the major axis of the
opening “op”, there is no decrease in displaying quality
because the disclination area is shield by the gate line 305.
[0105] On the other hand, referring to FIG. 16, which is a
plan view of an FFS mode LCD device according to a modi-
fied embodiment of the third embodiment of the present
invention, each opening “op” runs across pixel regions “P”
along a data line 330. Namely, each opening “op” in the
common electrode 370 has a single stripe shape through an
entire of the display region along the data line 330.

[0106] In the FFS mode LCD device in FIG. 16, there is
only one end along a major axis of the opening “op” in an
outermost pixel region (not shown) of the display region.
Accordingly, there is no electric field by a short end side along
the major axis of the opening “op” in the central pixel regions
“P” except the outermost pixel region (not shown). The liquid
crystal molecules in the central pixel region “P” is driven by
an electric field generated by a long end side along the major
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axis of the opening “op” such that the liquid crystal molecules
have an uniform and desired arrangement.

[0107] As a result, since the disclination area is not gener-
ated, the FFS mode LCD device has improved transmittance
and aperture ratio. Even if the disclination area is generated,
the gate line 305, which overlaps the disclination area, shields
the disclination area such that the FF'S mode LCD device has
improved transmittance and aperture ratio.

[0108] Referring again to FIG. 13, although the common
electrode 370 including the openings “op” of a bar shape
covers an entire of the display region, the common electrode
370 may have another opening (not shown) corresponding to
the TFT “Tr” to prevent a parasitic capacitance generated
between the gate electrode 308 of the TFT “Ir” and the
common electrode 370 when the common electrode 370 over-
lapping the TFT “Tr”. The parasitic capacitance may have a
bad effect on a switching operation of the TFT “Tr”.

[0109] The above first substrate 301 including the gate line
305, the data line 330, the TFT “Tr”, the pixel electrode 355
and the common electrode 370 may be referred to as an array
substrate.

[0110] On the second substrate (not shown) facing the first
substrate 301, a color filter layer (not shown), a black matrix
384 and an overcoat layer (not shown) are formed. The color
filter layer includes color filter patterns of red, green and blue
colors and corresponds to each pixel region “P” of the first
substrate 301. The black matrix 384 corresponds to the data
line 330 the TFT “Tr”. The overcoat layer is formed on the
color filter layer. In addition, the liquid crystal layer is dis-
posed between the first substrate 301 and the second sub-
strate.

[0111] The black matrix in the related are FFS mode LCD
device corresponds to the gate line as well as the data line and
the TFT. Namely, the black matrix surrounds the each pixel
region. However, since the black matrix 384 in the FFS mode
LCD device according to the present invention corresponds to
the data line 330 and the TFT “Tr” except the gate line 305, an
aperture ratio of the FFS mode LCD device is further
improved.

[0112] In the FFS mode LCD device according to the
present invention, the pixel electrode 355 overlaps the previ-
ous gate line 305 with a predetermined width. In addition, the
ends along the major axis of the opening “op” in the common
electrode 370 also overlap the gate line 305 as shown in FIG.
13. Or, the opening “op” of a single stripe shape runs across
the pixel regions “P” along the data line 330 as shown in FIG.
16. As a result, the disclination area at the ends along the
major axis of the opening “op” is not generated or is mini-
mized. Accordingly, even if the black matrix 384 does not
shield the gate line 305, there is no problem in a displaying
quality.

[0113] A cross-sectional structure of an FFS mode LCD
device according to the third embodiment of the present
invention is explained with reference to FIGS. 14 and 15.
Since the FFS mode LCD device according to the modified
embodiment of the third embodiment of the present invention
only has a difference in a positional relation of the gate line
and the opening in the common electrode, the explanation is
focused on the FFS mode LCD device according to the third
embodiment. For convenience of explanation, a region,
where the TFT is formed, is defined as a switching region in
the pixel region.

[0114] In FIGS. 14 and 15, the array substrate for the FFS
mode LCD device 300 includes the first substrate 301. The
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substrate 301 may be transparent. The gate line 305 and the
gate electrode 308 are formed on the substrate 301. Each of
the gate line 305 and the gate electrode 308 is formed of a
metallic material having a low resistance property. For
example, the metallic material may include one of aluminum
(Al), Al alloy (AINd), copper (Cu) and Cu alloy. The gate
electrode 308 is connected to the gate line 305 and disposed in
the switching region “TrA”.

[0115] Although each of the gate line 305 and the gate
electrode 308 has a single-layered structure in FIGS. 14 and
15, each of the gate line 305 and the gate electrode 308 may
have a double-layered structure. In this case, a lower layer of
the double-layered structure may be formed of a metallic
material having a low resistance property, such as Al, Al alloy,
Cu and Cu alloy, and an upper layer of the double-layered
structure may be formed of Mo.

[0116] On the gate line 305 and the gate electrode 308, a
gate insulating layer 315 is formed of an inorganic insulating
material such as silicon oxide (SiO,) and silicon nitride
(SiNx).

[0117] The semiconductor layer 320 including the active
layer 320q of intrinsic amorphous silicon and the ohmic con-
tact layer 3206 of impurity-doped amorphous silicon is
formed on the gate insulating layer 315 and in the switching
region “TrA”. 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 ohmic contact layer 3205 is
etched such that a portion of the active layer 320a is exposed
between the source and drain electrodes 333 and 336. Each of
the source and drain electrodes 333 and 336 may be formed of
a metallic material, such molybdenum (Mo), Chrome (Cr),
aluminum (Al), Al alloy (AINd), copper (Cu) and Cu alloy.
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” in the switching
region “TrA”.

[0118] Inaddition, the data line 330, which crosses the gate
line 305 to define the pixel region “P”, is formed on the gate
insulating layer 315. The source electrode 333 of the TFT
“Ir” is connected to the data line 330. Each of the data line
330, the source electrode 333 and the drain electrode 336 may
have a double-layered structure.

[0119] A semiconductor pattern 321 including first and
second patterns 321a and 3215 is disposed between the data
line 330 and the gate insulating layer 315. The semiconductor
pattern 321 is formed of the same material as the semicon-
ductor layer 320. Whether the semiconductor pattern 321 is
formed or not is determined by a fabricating method.

[0120] Namely, when the semiconductor layer 320, the data
line 330 and the source and drain electrodes 333 and 336 are
formed by a single mask process, there is the semiconductor
pattern 321 under the data line 330, as shown in FIG. 14.
However, if the semiconductor layer 320 is formed by a mask
process different from a mask process for the data line 330
and the source and drain electrodes 333 and 336, there is no
semiconductor pattern 321 under the data line 330.

[0121] The pixel electrode 355 having a plate shape is
formed in each pixel region “P” and on the gate insulating
layer 315. The pixel electrode 335 is formed of a transparent
conductive material such as indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO). The pixel electrode 335 directly
contacts the drain electrode 336 and overlaps the previous
gate line 305 with a predetermined width. The width of the
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overlapped portion between the pixel electrode 355 and the
gate line 305 may be less than about 50 percentages (%) of a
width of the gate line 305.

[0122] A passivation layer 160 is formed on the data line
330, the TFT “Tr” and the pixel electrode 355. The passiva-
tion layer 160 is formed of an inorganic insulating material,
such as silicon oxide (Si0O2) and silicon nitride (SiNx), or an
organic insulating material, such as benzocyclobutene (BCB)
and photo-acryl. In FIGS. 14 to 15, since the passivation layer
160 is formed an inorganic insulating material, the passiva-
tion layer 160 has a step difference. However, when the pas-
sivation layer 160 is formed an organic insulating material,
the passivation layer 160 has a flat top surface.

[0123] The common electrode 370 of the transparent con-
ductive material, such as ITO and IZO, is formed on the
passivation layer 360 and on an entire surface of the display
region of the substrate 301. The common electrode 370 has a
plate shape and a plurality of openings “op” spaced apart from
each other in each pixel region “P”. Each opening “op” has a
bar shape and has a major axis along the data line 330. There
are three openings “op” in each pixel region “P”. Moreover,
the openings “op” are spaced apart from each other by the
same distance. However, to obtain an efficient fringe field, the
common electrode 370 may have two to ten openings “op”.
[0124] The common electrode 370 covers the TFT “Tr” in
FIG. 14. However, a portion of the common electrode 370
corresponding to the TFT “Tr” may be removed such that a
portion of the passivation layer 360 is exposed.

[0125] Onthesecond substrate 381 facing the first substrate
301, the black matrix 384 is formed to correspond to the data
line 330 and the TF'T “Tr” on the first substrate 301. The color
filter layer 386 including a red color filter pattern 386a, a
green color filter pattern 3865 and a blue color filter pattern
(not shown) and corresponding to each pixel region “P” of the
first substrate 301 is formed on the second substrate 381. The
overcoat layer 388 of a transparent organic insulating mate-
rial is formed on the color filter layer 386. The overcoat layer
388 has a flat top surface. The overcoat layer 388 can be
omitted.

[0126] In addition, the liquid crystal layer 391 is disposed
between the first substrate 301 and the second substrate 381.
[0127] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in 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 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 plurality of gate lines on a substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor;

a first passivation layer on the pixel electrode and over the
thin film transistor; and
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a common electrode on the first passivation layer and hav-
ing a plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
a center portion of each opening overlaps the pixel elec-
trode, and both ends along the major axis of each open-
ing protrude beyond the pixel electrode.

2. The array substrate according to claim 1, wherein an end
along the minor axis of an outermost opening of the plurality
of openings protrudes beyond the pixel electrode.

3. The array substrate according to claim 1, wherein the
pixel electrode is disposed directly on the gate insulating
layer and directly contacts the portion of the thin film tran-
sistor.

4. The array substrate according to claim 1, further com-
prising a second passivation layer between the gate insulating
layer and the pixel electrode and having a contact hole expos-
ing the portion of the thin film transistor, wherein the pixel
electrode on the second insulating layer is connected to the
portion of the thin film transistor through the contact hole.

5. The array substrate according to claim 1, wherein the
each of the openings runs across through the pixel regions
along each data line.

6. The array substrate according to claim 1, wherein the
common electrode further includes another opening corre-
sponding to the thin film transistor.

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

a plurality of gate lines on a substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor;

a passivation layer on the pixel electrode and over the thin
film transistor; and

a common electrode on the passivation layer and having a
plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
a center portion of each opening overlaps the pixel elec-
trode, and an end along the minor axis of an outermost
opening of the plurality of openings protrudes beyond
the pixel electrode.

8. An array substrate for a fringe field switching mode

liquid crystal display device, comprising:

a plurality of gate lines on a substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate
line;

a passivation layer on the pixel electrode and over the thin
film transistor; and
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a common electrode on the passivation layer and having a
plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
a center portion of each opening overlaps the pixel elec-
trode, and both ends along the major axis of each open-
ing overlap the gate line.

9. The array substrate according to claim 8, wherein the
overlapped portion between the each of the pixel electrode
and the gate line has a width smaller than a half of a width of
the gate line.

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

a plurality of gate lines on a substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate
line;

a passivation layer on the pixel electrode and over the thin
film transistor; and

a common electrode on the passivation layer and having a
plurality of openings of a bar shape in the each pixel
region, each of the openings running across through the
pixel regions along each data line.

11. A fringe field switching mode liquid crystal display

device, comprising:

first and second substrate facing each other;

a plurality of gate lines on the first substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor;

a passivation layer on the pixel electrode and over the thin
film transistor;

a common electrode on the passivation layer and having a
plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
a center portion of each opening overlaps the pixel elec-
trode, and both ends along the major axis of each open-
ing protrude beyond the pixel electrode;

a black matrix on the second substrate and surrounding the
each pixel region;

a color filter layer on the second substrate and correspond-
ing to the each pixel region; and

a liquid crystal layer between the first and second sub-
strates.

12. The device substrate according to claim 11, wherein the

each of the openings runs across through the pixel regions
along each data line.
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13. A fringe field switching mode liquid crystal display

device, comprising:

first and second substrate facing each other;

a plurality of gate lines on the first substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor;

a passivation layer on the pixel electrode and over the thin
film transistor;

a common electrode on the passivation layer and having a
plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
a center portion of each opening overlaps the pixel elec-
trode, and an end along the minor axis of an outermost
opening of the plurality of openings protrudes beyond
the pixel electrode;

ablack matrix on the second substrate and surrounding the
each pixel region;

a color filter layer on the second substrate and correspond-
ing to the each pixel region; and

a liquid crystal layer between the first and second sub-
strates.

14. A fringe field switching mode liquid crystal display

device, comprising:

first and second substrate facing each other;

a plurality of gate lines on the first substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

apixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate
line;

a passivation layer on the pixel electrode and over the thin
film transistor;

a common electrode on the first passivation layer and hav-
ing a plurality of openings of a bar shape in the each pixel
region, each of the openings having a major axis along
the data line and a minor axis along the gate line, wherein
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a center portion of each opening overlaps the pixel elec-
trode, and both ends along the major axis of each open-
ing overlap the gate line;

a black matrix on the second substrate and shielding the
data lines and the thin film transistor except the gate
lines;

a color filter layer on the second substrate and correspond-
ing to the each pixel region; and

a liquid crystal layer between the first and second sub-
strates.

15. The device according to claim 14, wherein the over-
lapped portion between the each of the pixel electrode and the
gate line has a width smaller than a half of a width of the gate
line.

16. The device substrate according to claim 14, wherein the
common electrode further includes another opening corre-
sponding to the thin film transistor.

17. A fringe field switching mode liquid crystal display
device, comprising:

first and second substrate facing each other;

a plurality of gate lines on the first substrate;

a gate insulating layer on the plurality of gate lines;

a plurality of data lines on the gate insulating layer and
crossing the plurality of gate lines to define a plurality of
pixel regions;

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

a pixel electrode having a plate shape and in the each pixel
region, the pixel electrode connected to a portion of the
thin film transistor and overlapping a portion of the gate
line;

a passivation layer on the pixel electrode and over the thin
film transistor;

a common electrode on the first passivation layer and hav-
ing a plurality of openings of'a bar shape in the each pixel
region, each of the openings running across through the
pixel regions along each data line;

a black matrix on the second substrate and shielding the
data lines and the thin film transistor except the gate
lines;

a color filter layer on the second substrate and correspond-
ing to the each pixel region; and

a liquid crystal layer between the first and second sub-
strates.

18. The device substrate according to claim 17, wherein the

common electrode further includes another opening corre-
sponding to the thin film transistor.
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