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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE AND FABRICATION
METHOD THEREOF

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application 10-2010-0099500, filed on Oct. 12,
2010, the content of which is incorporated by reference herein
in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a liquid crystal

display device and, more particularly, to anarray substrate for
a liquid crystal display device and a fabrication method
thereof.

[0004] 2. Discussion of the Related Art

[0005] In general, the driving principle of a liquid crystal
display (LCD) device uses an optical anisotropy and polar-
ization properties of liquid crystal. Liquid crystals have a thin,
long structure, so they have orientation in an alignment of
molecules, and the direction of the alignment of molecules
can be controlled by intentionally applying an electric field to
the liquid crystal.

[0006] Thus, when the direction of the alignment of mol-
ecules of the liquid crystal is adjusted, the alignment of mol-
ecules of the liquid crystal can be changed, and light is
refracted in the direction of the molecular alignment of the
liquid crystal by optical anisotropy, thus displaying image
information.

[0007] Currently, an active matrix liquid crystal display
(AM-LCD) (which will be referred to as an ‘LLCD’, herein-
after) in which thin film transistors (TFTs) and pixel elec-
trodes connected to the TFTs are arranged in a matrix form
has come to prominence because of its excellent resolution
and video implementation capabilities.

[0008] The LCD includes a color filter substrate (i.e., an
upper substrate) on which a common electrode is formed), an
array substrate (i.e., a lower substrate) on which pixel elec-
trodes are formed, and liquid crystal filled between the upper
substrate and the lower substrate. In the LCD, the common
electrode and the pixel electrodes drive liquid crystal by an
electric field applied vertically, having excellent characteris-
tics of transmittance, aperture ratio, and the like.

[0009] However, the driving of liquid crystal by the electric
field applied vertically is disadvantageous in that viewing
angle characteristics are not good. Thus, in order to overcome
the shortcomings, a method for driving liquid crystal by in-
plane field has been newly proposed. The method for driving
liquid crystal by in-plane field has excellent viewing angle
characteristics.

[0010] In the in-plane switching mode LCD is configured
such that a color filter substrate and an array substrate face
each other, and a liquid crystal is interposed therebetween.
[0011] On the array substrate, a TFT, a common electrode,
and a pixel electrode are formed on each of a plurality of
pixels defined on the transparent insulating substrate.

[0012] Also, the common electrode and the pixel electrode
are separated to be parallel on the same substrate.

[0013] The color filter substrate include black matrixes at
portions corresponding to gate lines, data lines, and the TFTs
on the transparent insulating substrate, and color filters are
formed to corresponds to the pixels.
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[0014] Theliquid crystal layer is driven by an in-plane field
of the common electrode and the pixel electrode.

[0015] In the in-plane switching mode LCD configured as
described above, the common electrode and the pixel elec-
trode are formed as transparent electrodes in order to secure
luminance, but only portions of both ends of the common
electrode and the pixel electrode contribute to improvement
of the luminance due to the distance between the common
electrode and the pixel electrode in terms of design and most
regions block light.

[0016] Thus, a fringe field switching (FFS) technique has
been proposed to maximize the luminance improvement
effect. The FFS technique precisely controls liquid crystal to
eliminate a color shift and obtain high contract ratio, imple-
menting high screen quality compared with the general in-
plane switching technique.

[0017] However, although the related art FFS mode LCD
can implement a wide viewing angle in left and right viewing
angles, as the size of the LCD is increased, the lateral viewing
angle and upper and lower viewing angles are required to be
farther improved.

[0018] The related art FFS mode LCD will now be
described with reference to FIG. 1.

[0019] FIG. 1 is a plan view of an array substrate of the
related art LCD device.

[0020] As shown in FIG. 1, the array substrate for the
related art LCD device includes a plurality of gate lines 175
extending in one direction and separated to be parallel on a
substrate 11, a plurality of data lines 29¢ crossing the gate
lines 17 and defining pixel regions at the crossings of the
gate lines 175 and the data lines 29¢; and a thin film transistor
(T) provided at the crossing of the gate line 175 and the data
line 29¢ and including a gate electrode 17a, an active layer
(not shown), a source electrode 294, and a drain electrode
295

[0021] Also, atransparent pixel electrode 13a is disposed to
be separated from the gate line 17 and the data line 29¢ onthe
entire surface of the pixel region, and a plurality of transpar-
ent common electrodes 39a having a bar-like shape are dis-
posed at an upper portion of the pixel electrode 13a with an
insulating film (not shown) interposed therebetween.

[0022] The pixel electrode 134 is electrically connected by
a pixel electrode connection pattern 395 connected with the
drain electrode 295.

[0023] Lateral ends of the plurality of common electrodes
39a having a bar-like shape are connected with the common
electrode connection pattern 39¢, and a portion of the com-
mon electrode connection pattern 39¢ is disposed to be par-
allel to the gate line 175.

[0024] Meanwhile, in case of exposing to form a contact
hole 37 for connecting the pixel electrode 13a and the drain
electrode 2956, an overlay margin M1 of about 2 um is
required between one end of each of the plurality of common
electrodes 394 and the pixel electrode connection pattern 395,
and a short margin ofabout 4 um is required between the pixel
electrode connection pattern 395 and the edge of the side of
the common electrode 394, reducing the upper common elec-
trode 394, which leads to a reduction in the aperture ratio of
the common electrode, an increase in the black matrix used
for blocking light, and a reduction in transmittance.

[0025] A method for fabricating the array substrate for an
in-plane switching (IPS) mode LCD device according to the
related art configured as described above will be described as
follows.
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[0026] FIGS. 2A to 20 are sectional views taken along line
II-IT in FIG. 1 of the array substrate for an LCD device
according to the related art.

[0027] FIG. 3 is a sectional view showing the process of
fabricating the array substrate for an LCD device according to
the related art, which explains a defective disconnection of a
pixel electrode during an exposure process for patterning a
common electrode.

[0028] As shown in FIG. 2A, a plurality of pixel regions
including a switching region are defined on the transparent
insulating substrate 11, an ITO layer 13 is deposited on the
transparent insulating substrate 11 through sputtering, and
then, a first photosensitive film 15 is applied on the ITO layer
13.

[0029] Asshown in FIG. 2B, the first photosensitive film 15
is exposed and developed through a first masking process
using photolithography to selectively pattern the first photo-
sensitive film 15 to form a first photosensitive film pattern
15a.

[0030] As shownin FIG. 2C, the ITO layer 13 is selectively
patterned by using the first photosensitive film pattern 15a to
form the pixel electrode 13a.

[0031] Thereafter, the first photosensitive film pattern 15a
is removed, a gate electrode metal layer 17 is deposited on the
entire surface of the substrate including the pixel electrode
13athrough sputtering, and a second photosensitive film 19 is
coated thereon.

[0032] As shown in FIG. 2D, the second photosensitive
film 19 is exposed and developed through photolithography
so as to be selectively patterned to form a second photosen-
sitive film pattern 19a.

[0033] As shown in FIG. 2E, the metal layer 17 is selec-
tively patterned by using the second photosensitive film pat-
tern 19a as a mask to form a gate line (not shown) along with
the gate electrode 17a.

[0034] As shownin FIG. 2F, the second photosensitive film
pattern 19a is removed, a gate oxide film 21, an amorphous
silicon layer 23, and an amorphous silicon layer 25 including
impurities are sequentially deposited on the entire surface of
the substrate including the gate electrode 17a and the pixel
electrode 134, and then, a third photosensitive film 27 is
coated on the amorphous silicon layer 25 including impuri-
ties.

[0035] As shown in FIG. 2@, the third photosensitive film
27 is exposed and developed so as to be patterned through a
third masking process using photolithography to form a third
photosensitive film pattern 27a.

[0036] As shown in FIG. 2H, the amorphous silicon layer
25 containing impurities and the amorphous silicon layer 23
are selectively patterned by using the third photosensitive film
pattern 27a as amask to form an ohmic-contact layer 25q and
an active layer 23a overlapping with the gate electrode 17a.

[0037] Thereafter, the third photosensitive film pattern 27a
is removed, a metal layer 29 is deposited on the entire surface
of the substrate including the active layer 234 and the ohmic-
contact layer 254, and then, a fourth photosensitive film 31 is
coated on the metal layer 29.

[0038] As shown in FIG. 2], the fourth photosensitive film
31 is exposed and developed so as to be patterned through a
fourth masking process using photolithography to form a
fourth photosensitive film pattern 31a.

[0039] Asshownin FIG. 2], the metal layer 29 is selectively
patterned by using the fourth photosensitive film pattern 31a
as a mask to form separated source and drain electrodes 29a
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and 295 and a data line (not shown). At this time, a portion of
the ohmic-contact layer 254 exposed between the source and
drain electrodes 29a and 294 is also removed to form a chan-
nel region of the active layer 23a.

[0040] As shown in FIG. 2K, the fourth photosensitive film
pattern 31a is removed, a protective film 33 is deposited on
the entire surface of the substrate including the source and
drain electrodes 29a and 295, and then, a fifth photosensitive
film 35 is coated on the protective film 33.

[0041] Asshownin FIG. 2L, the fifth photosensitive film 35
is exposed and developed so as to be patterned through a fifth
masking process using photolithography to form a fifth pho-
tosensitive film pattern 35a.

[0042] Subsequently. the protective film 33 and the gate
insulating film 21 are sequentially etched by using the fifth
photosensitive film pattern 35a as a mask to form a contact
hole 37 exposing portions of the drain electrode 2956 and the
pixel electrode 13a.

[0043] As shown in FIG. 2M, the fifth photosensitive film
pattern 35a is removed, an ITO layer 39 is deposited on the
protective film 33 including the contact hole 37 through sput-
tering, and then, a sixth photosensitive film 41 is coated on the
ITO layer 39.

[0044] As shown in FIG. 2N, the sixth photosensitive film
41 is exposed and developed so as to be patterned through a
sixth masking process using photolithography to form sixth
photosensitive film patterns 41a and 415. At this time, the
sixth photosensitive film pattern 41a is formed at an upper
portion of the ITO layer 39 corresponding to a pixel electrode
connection pattern region connecting a pixel electrode and a
drain electrode, and the sixth photosensitive film pattern 415
is formed at an upper portion of the ITO layer 39 correspond-
ing to a common electrode region.

[0045] Asshown in FIG. 20, the ITO layer 39 is selectively
etched by using the sixth photosensitive film patterns 41a and
415 as masks to form a pixel electrode connection pattern 395
connecting the drain electrode 295 and the pixel electrode
13a, a plurality of bar-like common electrodes 39a, and a
common electrode connection pattern 39¢ connecting the
plurality of common electrodes 394 to each other.

[0046] And then, the sixth photosensitive film patterns 41a
and 415 are removed, completing the process for fabricating
the array substrate for an IPS mode LCD device according to
the related art.

[0047] However, as described above, when the sixth pho-
tosensitive film is exposed to form the common electrode 39a
and the pixel electrode connection pattern 395, the sixth pho-
tosensitive film pattern 41¢ for forming the pixel electrode
connection pattern is formed only at a portion of the contact
hole 37 due to misalignment as shown in FIG. 3, exposing a
portion of the ITO layer 39 in contact with the pixel electrode
134 at a lower portion of the contact hole 37.

[0048] Thus, with the portion of the ITO layer 39 exposed,
when the ITO layer 39 is etched by using the sixth photosen-
sitive film pattern 41¢ as a mask, the I'TO layer 39 at a lower
portion of the contact hole 37 is etched, the underlying pixel
electrode 13a is also etched together as the ITO layer 39 at a
lower portion of the contact hole 37 is etched, causing the
pixel electrode 13a to be disconnected.

[0049] Thus, in the related art, in order to solve the problem
of the disconnection of the pixel electrode 13a caused as the
underlying pixel electrode 13a is also etched together when
the ITO layer 39 at a lower portion of the contact hole 37 is
etched, the sixth photosensitive film pattern 41a for forming
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the pixel electrode connection pattern is formed up to the
vicinity of the common electrode region including the contact
hole 37 region.

[0050] However, since the sixth photosensitive film pattern
41a for forming the pixel electrode connection pattern is
formed up to the vicinity of the common electrode region
including the contact hole 37 region, the area of the common
electrode is reduced as much. Namely, when the ITO layer is
exposed, an overlay margin M1 of about 2 um or greater is
required between one end of the plurality of common elec-
trode and the pixel electrode connection pattern and a short
margin of about 4 um or greater is required between the edge
of the side of the common electrode and the pixel electrode
connection pattern, so the area of the common electrode is
reduced to reduce the aperture ratio and transmittance.

[0051] Also, in the array substrate for an LCD device and
the fabrication method thereof, the array substrate foran LCD
device is fabricated through the six masking processes,
namely, the first masking process for forming the pixel elec-
trode, the second masking process for forming the gate elec-
trode, the third masking process for forming the active layer
and the ohmic-contact layer, the fourth masking process for
forming the source and drain electrodes, the fifth masking
process for forming the contact hole to connect the drain
electrode and the pixel electrode; and the sixth masking pro-
cess for forming the common electrode, so the number of
fabrication processes are increased to lengthen time required
for the fabrication process as much.

BRIEF SUMMARY

[0052] An array substrate for an LCD device, includes: a
gate line formed in one direction on one surface of a substrate;
a data line crossing the gate line to define a pixel area; a thin
film transistor (TFT) configured at a crossing of the gate line
and the data line; a pixel electrode formed at a pixel region of
the substrate; an insulating film formed on the entire surface
of the substrate including the pixel electrode and the TFT,
including a first insulating film formed of a high temperature
silicon nitride film and a second insulating film formed of a
low temperature silicon nitride film, and having a contact hole
having an undercut shape exposing the pixel electrode; a pixel
electrode connection pattern formed within the contact hole
having an undercut shape and connected with the pixel elec-
trode and the TFT; and a plurality of common electrodes
separately formed on the insulating film.

[0053] According to another aspect of the present inven-
tion, there is provided a method for fabricating an array sub-
strate for an LCD, including: preparing a substrate; forming a
gate line arranged in one direction along with a pixel elec-
trode on the substrate; forming a data line crossing the gate
line to define a pixel area; forming a TFT at the crossing of the
gate line and the data line; stacking a first insulating film
formed of a high temperature silicon nitride film and a second
insulating film formed of a low temperature silicon nitride
film on the entire surface of the substrate including the pixel
electrode and the TFT; patterning the second insulating film
and the first insulating film to form a contact hole having an
undercut shape exposing the pixel electrode and the TFT;
forming a pixel electrode connection pattern connected with
the pixel electrode and the TFT within the contact hole having
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an undercut shape; and forming a plurality of common elec-
trodes separately on the second insulating film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1isaplanview of an array substrate fora liquid
crystal display (LCD) device according to the related art;
[0055] FIGS. 2A to 20 are sectional views showing a pro-
cess for fabricating the array substrate for a liquid crystal
display (LCD) device according to the related art, taken along
line II-I in FIG. 1;

[0056] FIG. 3 is a sectional view showing the process of
fabricating the array substrate for an LCD device according to
the related art, which explains a defective disconnection of a
pixel electrode during an exposure process for patterning a
common electrode;

[0057] FIG. 4isaplan view of an array substrate for a liquid
crystal display (LCD) device according to an embodiment of
the present invention;

[0058] FIG. 5 is a sectional view of the array substrate for
an LCD device according to an embodiment of the present
invention, taken along line V-V in FIG. 4; and

[0059] FIGS. 6A to 6Q are sectional views of a process for
fabricating the array substrate for an LCD device according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0060] An array substrate fora liquid crystal display (LCD)
device according to an embodiment of the present invention
will be described in detail with reference to the accompanying
drawings.

[0061] FIG.disaplan view of an array substrate for aliquid
crystal display (LCD) device according to an embodiment of
the present invention.

[0062] FIG. 5 is a sectional view of the array substrate for
an LCD device according to an embodiment of the present
invention, taken along line V-V in FIG. 4.

[0063] TheLCD device according to an embodiment of the
present invention is an advanced horizontal in-plane switch-
ing (AH-IPS) mode LCD device proposed to improve side
and upper and lower viewing angles and transmittance.
[0064] AsshowninFIGS. 4 and 5, the array substrate for an
LCD device according to an embodiment of the present
invention includes a plurality of gate lines 105¢ extending in
one direction and separated to be parallel on a substrate 101,
a plurality of data lines 117¢ crossing the gate lines 105¢ and
defining pixel regions at the crossings of the gate lines 105¢
and the data lines 117¢; and a thin film transistor (T) provided
at the crossing of the gate line 105¢ and the data line 117¢ and
including a gate electrode 1054, an active layer (not shown),
a source electrode 1174, and a drain electrode 1175.

[0065] Also, a transparent pixel electrode 1035 is disposed
to be separated from the gate line 105¢ and the data line 117¢
on the entire surface of the pixel region, and a plurality of
transparent common electrodes 1315 having a bar-like shape
are disposed at an upper portion of the pixel electrode 1035
with an insulating film (not shown) having heterogeneous
characteristics interposed therebetween.

[0066] Here, the plurality of transparent common elec-
trodes 1315 having a bar-like shape are disposed to be parallel
to the data lines 117¢, and are spaced apart by a certain
interval from each other.
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[0067] The pixel electrode 1035 is electrically connected
with the drain electrode 1175 by a pixel electrode connection
pattern 131a through a contact hole 129 having an undercut
shape formed in an insulating film (not shown) (Refer to 123
and 125 in FIG. 5) having a dual-structure having heteroge-
neous characteristics. Here, the contact hole 129 having an
undercut shape includes a tapered structure of the first insu-
lating film 123 and a reversely tapered structure of the second
insulating film 125. The pixel electrode connection pattern
131a is in contact with the drain electrode 1175 having the
tapered structure of the first insulating film 123 and the pixel
electrode 1035.

[0068] In addition, both lateral ends of the plurality of
common electrodes 1316 having a bar-like shape are con-
nected with a common electrode connection pattern 131¢
disposed such that a portion thereof is parallel to the gate line
105c¢. here, the plurality of common electrodes 1315 having a
bar-like shape are formed to be spaced apart by a certain
interval on the upper surface of the second insulating film
125,

[0069] As shown in FIG. 5, the pixel electrode connection
pattern 131a is formed on the surface of the tapered structure
of the first insulating film 123 among the dual-structure insu-
lating films having heterogeneous characteristics, and the
common electrodes 1315 are formed on the second insulating
film 125 having a step difference of a certain height from the
first insulating film 123. Thus, the overlay margin M1
between the pixel electrode connection pattern and one lateral
end of the common electrode and the short margin M2
between the pixel electrode connection pattern and the edge
of the common electrode during the exposure process of
forming the common electrode and the pixel electrode con-
nection pattern as in the related art. Namely, in an embodi-
ment of the present invention, although the common elec-
trodes 1316 are formed at the upper portion of the second
insulating film 125 having the reversely tapered structure, the
pixel electrode connection pattern 131a and the common
electrodes 13154 are not in contact due to the step difference
between the first insulating film 123 and the second insulating
film 125,

[0070] Thus, since the common electrodes 1315 are formed
on the area which does not have an overlap margin with the
pixel electrode connection pattern 131a, namely, on the upper
portion of the reversely tapered structure of the second insu-
lating film 125, the area of the common electrode can be
increased as much compared with the related art, thus
improving the aperture ratio and transmittance.

[0071] Themethod for fabricating the array substrate for an
LCD device according to an embodiment of the present
invention configured as described above will be described
with reference to FIGS. 6A to 6Q as follows.

[0072] FIGS. 6A to 6Q are sectional views of a process for
fabricating the array substrate for an LCD device according to
an embodiment of the present invention.

[0073] As shown in FIG. 6A, a plurality of pixel regions
including a switching region are defined on the transparent
insulating substrate 101, and a first transparent conductive
material layer 103 and a first conductive metal layer 105 are
deposited on the transparent insulating substrate 101 through
sputtering. In this case, the first transparent conductive mate-
riallayer 103 may be made of any one selected from the group
consisting of ITO and 170.

[0074] Also, the first conductive metal layer 105 may be
made of at least one selected from the conductive metal group
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consisting of aluminum (Al), tungsten (W), copper (Cu),
molybdenum (Mo), chromium (Cr), titanium (Ti), molytung-
sten (MoV), molytitanium (MoTi), and copper/molytitanium
(Cu/MoTi).

[0075] And then, photoresist having high transmittance is
coated on the first conductive metal layer 105 to form a first
photosensitive film 107.

[0076] Subsequently. as shown in FIG. 6B, an exposure
process is performed on the first photosensitive film 107 by
using a first diffraction mask 109 including a light blocking
region 109a, a translucent region 1095, and a transmission
region 109¢. In this case, the light blocking region 1094 of the
first diffraction mask 109 is positioned at an upper side of the
first photosensitive film 107 corresponding to a gate electrode
formation region, and the translucent region 1095 of the dif-
fraction mask 109 is positioned at an upper side of the first
photosensitive film 107 corresponding to a pixel electrode
formation region. Also, besides the first diffraction mask 109,
a mask using a diffraction effect of light, e.g., a half-tone
mask, or any other masks, may also be used.

[0077] As shown in FIG. 6C, after the exposure process is
performed, the first photosensitive film 107 is patterned
through a developing process to form the gate electrode for-
mation region 107a and the pixel electrode formation region
1075. Here, light has not transmitted through the gate elec-
trode formation region 107a, so the thickness of the first
photosensitive film 107 is maintained, while light has par-
tially transmitted through the pixel electrode formation
region 1075, so a certain thickness of the pixel electrode
formation region 1075 has been removed. Namely, the pixel
electrode formation region 1075 is thinner than the gate elec-
trode formation region 107a.

[0078] Subsequently. as shown in FIG. 6D, the first con-
ductive metal layer 105 and the first transparent conductive
material layer 103 are patterned by using the gate electrode
formation region 107a and the pixel electrode formation
region 1075 as masks to form a gate line (not shown), the gate
electrode 105a protruded from the gate line, and the pixel
electrode 1035. Here, when the first conductive metal layer
105 and the first transparent conductive material layer 103 are
patterned, the first conductive metal layer pattern 1056 and
the second conductive material layer pattern 103a are also
formed. Also, as shown in FIG. 4, the pixel electrode 1035 is
disposed to be separated from the gate line 105¢ and the data
line 117¢ on the entire surface of the pixel region.

[0079] As shown in FIG. 6E, a portion of the thickness of
the gate electrode formationregion 107a on the gate electrode
1054 and the pixel electrode formation region 1075 on the
first conductive metal layer pattern are selectively etched
through an ashing process to completely remove the pixel
electrode formation region 1075. Then, an upper portion of
the first conductive metal pattern 105 is exposed.

[0080] As shown in FIG. 6F, the exposed first conductive
metal layer pattern 1055 is removed by using the gate elec-
trode formation region 107a, a portion of the thickness of
whichhas been etched through the ashing process, is removed
by using the gate electrode formation region 1074 as a block-
ing film, and the, the gate electrode formation region 107a of
the first photosensitive film is also removed. At this time, the
transparent first conductive material layer pattern 103a under
the gate electrode 105a remains as it is, rather than being
etched.

[0081] Thereafter, a gate insulating film 111 formed of a
nitride silicon film (SiNxO or a silicon oxide film (Si0,) is
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formed on the entire surface of the insulating substrate 101
including the gate electrode 105a and the pixel electrode
1035.

[0082] As shown in FIG. 6F, an amorphous silicon layer
(a-Si:H) 113, an amorphous silicon layer (n+ or p+) 115
including impurities, and a second conductive metal layer
117 are sequentially stacked on the entire surface of the
substrate 101 with the gate insulating film 111 formed
thereon. At this time, the amorphous silicon layer (a-Si:H)
113 and the amorphous silicon layer (n+ or p+) 115 including
impurities are deposited through chemical vapor deposition
(CVD), and the second conductive metal layer 117 is depos-
ited through sputtering. Here, the CVD method and the sput-
tering method are mentioned as the deposition methods, but
any other deposition methods may be also used as necessary.
At this time, the second conductive metal layer 117 may be
made of at least one selected from the conductive metal group
consisting of aluminum (Al), tungsten (W), copper (Cu),
molybdenum (Mo), chromium (Cr), titanium (Ti), molytung-
sten (MoV), molytitanium (MoT1), and copper/molytitanium
(Cw/MoTh).

[0083] Asshown in FIG. 6G, photoresisthaving high trans-
mittance is coated on the second conductive metal layer 117
to form a second photosensitive film 119.

[0084] Thereafter, an exposure process is performed on the
second photosensitive film 119 by using a second diffraction
mask 121 including a light blocking region 1214, a translu-
cent region 1215, and a transmission region 121¢. In this case,
the light blocking region 121a of the second diffraction mask
121 s positioned at an upper side of the second photosensitive
film 119 corresponding to a source and drain electrode for-
mation region, and the translucent region 1215 of the diffrac-
tion mask 121 is positioned at an upper side of the second
photosensitive film 119 corresponding to a channel formation
region of a TFT. Also, besides the second diffraction mask
121, a mask using a diffraction effect of light, e.g., a half-tone
mask, or any other masks, may also be used.

[0085] As shown in FIG. 6H, after the exposure process is
performed, the second photosensitive film 119 is patterned
through a developing process to form a source and drain
formation region 119a and a channel formation region 1195.
Here, light has not transmitted through the source and drain
electrode formation region 1194, so the thickness of the sec-
ond photosensitive film 119 is maintained, while light has
partially transmitted through the channel formation region
1195, so a certain thickness of the channel formation region
1195 has been removed. Namely, the channel formation
region 1195 is thinner than the source and drain electrode
formation region 119a.

[0086] As shown in FIG. 6l, the second conductive metal
layer 117, the amorphous silicon layer 115 including impu-
rities, and the amorphous silicon layer 113 are sequentially
patterned by using the source and drain electrode formation
region 1194 and the channel formation region 1196 as masks
to form an ohmic-contact layer 115q and an active layer 113a
on the gate insulating film 111 corresponding to the gate
electrode 105a.

[0087] AsshowninFIG. 6J,aportion of the thickness of the
source and drain formation region 119a and the channel for-
mation region 1195 are completely removed through an ash-
ing process. Here, an upper portion of the second conductive
layer 117 is exposed from the channel area.

[0088] As shown in FIG. 6K, the second conductive layer
117 is patterned by using the source and drain electrode
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formation region 119a of the second photosensitive film, a
portion of thickness of which has been removed, to form the
source electrode 117a and the drain electrode 1175 which are
spaced apart.

[0089] Subsequently. the ohmic-contact layer 115a
exposed between the source electrode 117a and the drain
electrode 1175 is also etched so as to be separated. Here, a
channel region is formed on the active layer 1134 positioned
under the etched ohmic-contact layer 115a.

[0090] As shownin FIG. 6L, the source and drain electrode
formation region 119a of the second photosensitive film is
removed, a first insulating film 123 and a second insulating
film 125 having heterogeneous characteristics are sequen-
tially deposited on the entire surface of the substrate 101, and
then, photoresist having high transmittance is coated on the
second insulting film 125 to form a third photosensitive film
127.

[0091] Here, the first insulating film is formed of a silicon
nitride film with rich nitrogen and is deposited to have a
thickness ranging from about 3000 A to about 5000 A at a
temperature ranging from about about 300° C. to about 800°
C. Also, the second insulating film 125 is formed of a silicon
nitride film with poor nitrogen and is deposited to have a
thickness ranging from about 1000 A to about 3000 A at a
temperature ranging from about about 100° C. to about 300°
C. At this time, as for the rich and poor conditions of the
silicon nitride film (SiN), when nitrogen rate is high based on
a reference rate (e.g., Si:3, N:4), nitrogen is rich and when
nitrogen rate is low based on the reference rate, nitrogen is
poor. Here, the thickness of the first insulating film 123 and
that of the second insulating film 125 are described to be
limited, but the present invention is not limited thereto, and a
different thickness range may be applied as necessary.
[0092] Thus, it can be considered that the first insulating
film 123 has a high nitrogen (N) rate compared with silicon
(S1), and the second insulating film 125 has a low nitrogen (N)
rate compared with silicon (Si).

[0093] As shown in FIG. 6M, an exposure and developing
process are performed through photolithography using an
exposure mask (not shown) to pattern the third photosensitive
film 127 to form a third photosensitive film pattern 127a.
[0094] As shown in FIG. 6N, the dual-structure insulating
films, namely, the second insulating film 125 and the first
insulating film 123, are dry-etched by using the third photo-
sensitive film pattern 127a as a mask to form a contact hole
129 having an undercut shape. At this time, when the contact
hole 129 is formed, a portion of the gate insulating film 111 is
also etched to expose a portion of the underlying pixel elec-
trode 1035. Also, when the contact hole 129 is formed, por-
tions of the drain electrode 1175, the ohmic-contact layer
1154, and the active layer 113a are also exposed.

[0095] Meanwhile, since the second insulating film 125
and the first insulating film 123 have different characteristics,
namely, different deposition temperatures or different content
of nitrogen (N) over silicon (Si) contained therein, when the
second insulating film 125 and the first insulating film 123 are
dry-etched, the etching rate becomes fast toward the interface
of these films in forming the contact hole 129. Thus, since the
interface of the second insulating film 125 and the first insu-
lating film 123 is more etched, the contact 129 finally has the
sectional area structure having an undercut shape. Namely,
the inner side face of the firstinsulating film 123 of the contact
hole 129 has a tapered structure, and the inner side face of the
second insulating film 124 has a reversely tapered structure.
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Thus, the width of a central portion of the contact hole 129 is
larger than the upper and lower portions of the contact hole
129. Meanwhile, besides the deposition temperature or the
nitrogen content rate, the second insulating film 125 and the
first insulating film 123 may have any other physical charac-
teristics.

[0096] Subsequently, the third photosensitive film pattern
127a is removed, and a second transparent conductive mate-
rial layer 131 is deposited by using any one selected from the
group consisting of ITO and IZO on the second insulating
film 125 including the contact hole 129 through sputtering. At
this time, when the second transparent conductive material
layer 131 is deposited, an electrode separation phenomenon
occurs due to the step between the upper and lower films, so
a pixel electrode connection pattern 131a is formed to elec-
trically connect the drain electrode 1175 and the pixel elec-
trode 1035 within the contact hole 129. As for the electrode
separation phenomenon due to the step between the upper and
lower films generated when the transparent conductive mate-
rial layer 131 is deposited, since the inner side face of the
contact hole 129 has the undercut shape, the second transpar-
ent conductive material layer 131 is not deposited at the
central portion of the inner side face of the contact hole 129,
so the second transparent conductive material layer 131 is
naturally separated. Thus, the second transparent conductive
material layer 131 is formed only on the surface of the second
insulating film 125, and only the pixel electrode connection
pattern 131a is formed within the contact hole 129.

[0097] Asshown in FIG. 60, photoresisthaving high trans-
mittance is coated on the second transparent conductive mate-
rial layer 131 including the contact hole 129 with the pixel
electrode connection pattern 131a formed thereon to form a
fourth photosensitive film 133 and a cover photosensitive film
133a. At this time, the cover photosensitive film 133a is
coated within the contact hole 129, completely covering the
pixel electrode connection pattern 131a.

[0098] As shown in FIG. 6P, an exposure and developing
process is performed through photolithography using an
exposure mask (not shown) to pattern the fourth photosensi-
tive film 133 to thus form a fourth photosensitive film pattern
1335. At this time, when the fourth photosensitive film 133 is
patterned, the pixel electrode connection pattern 131 a is
completely covered by the cover photosensitive film 1334,
the pixel electrode 1035 cannot be exposed to be damaged.
Namely, since the pixel electrode connection pattern 131a is
completely covered by the cover photosensitive film 1334,
when the fourth photosensitive film 133 is patterned, the
phenomenon of the related art in which a portion of the pixel
electrode is lost to cause a disconnection does not take place.
[0099] As shown in FIG. 6Q, the second transparent con-
ductive material layer 131 is patterned by using the fourth
photosensitive film pattern 1335 as a mask to simultaneously
form a plurality of separated common electrodes 1315 having
a bar-like shape and a common electrode connection pattern
(not shown) (Refer to 131¢ in FIG. 4) connecting both ends of
the plurality of common electrodes 1315.

[0100] Subsequently, although not shown, the cover pho-
tosensitive film 133« within the contact hole 129 including
the fourth photosensitive film pattern 1335 is removed, thus
completing the process of fabricating the array substrate for
an IPS mode LCD device according to an embodiment of the
present invention.

[0101] Thereafter, although not shown, a color filter sub-
strate fabrication process and a process of filling a liquid
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crystal layer between the array substrate and a color filter
substrate are performed to fabricate the IPS mode LCD
device according to an embodiment of the present invention.
[0102] As described above, according to the array substrate
for an LCD device and its fabrication method, the dual-struc-
ture insulating films having heterogeneous characteristics,
namely, the first silicon nitride film and the second silicon
nitride film having a dual structure having different deposi-
tion temperature and the nitrogen content over silicon, are
applied to cause an undercut phenomenon in performing the
etching process to form the drain electrode and the pixel
electrode connection contact hole. Thus, the electrode sepa-
ration phenomenon occurs due to the step between the upper
and lower films when the transparent conductive material
layer (i.e., the ITO layer) is deposited, thus applying a high
step between the protective film and the gate oxide film. Also,
by using the phenomenon in which the photosensitive film
remains at the contact hole portion with respect to the pat-
terning exposure conditions of the transparent conductive
material layer for forming the common electrodes, the under-
lying pixel electrode can remain without a loss due to the
photosensitive film during wet etching.

[0103] Accordingly, the overlay margin between one end of
the common electrode and the pixel electrode connection line
and the short margin between the edge of one lateral side of
the common electrode and the pixel electrode connection line
can be reduced to the maximum in exposing the transparent
conductive layer to increasing the area of the upper common
electrodes, thus enhancing the aperture ratio and transmit-
tance.

[0104] Also, since the array substrate foran IPS mode LCD
device can be fabricated through a total of four masking
processes, namely, through the first masking process for
forming the gate electrode and the pixel electrode, the second
masking process for forming the active layer and the source
and drain electrodes, the third masking process for forming
the contact hole to connect the drain electrode and the pixel
electrode, and the fourth masking process for forming the
common electrode. Thus, the number of fabrication processes
can be shortened.

[0105] Asthe present invention may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.

1. An array substrate for a liquid crystal display (LCD)
device, the substrate comprising:

a substrate;

a gate line disposed in one direction on one surface of the
substrate;

adataline crossing the gate line to define a pixel area; a thin
film transistor (TFT) configured at a crossing of the gate
line and the data line;

apixel electrode disposed at a pixel region of the substrate;

an insulating film on the entire surface of the substrate
including the pixel electrode and the TFT, including a
first insulating film comprising a high temperature sili-
con nitride film and a second insulating film comprising
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a low temperature silicon nitride film, and having a
contact hole having an undercut shape exposing the
pixel electrode;

a pixel electrode connection pattern disposed within the
contact hole having an undercut shape and connected
with the pixel electrode and the TFT; and

a plurality of common electrodes separately disposed on
the insulating film.

2. The array substrate of claim 1, wherein the TFT includes

a gate electrode, an active layer, a source electrode, and a
drain electrode.

3. The array substrate of claim 1, wherein the contact hole
having an undercut shape is configured by a tapered structure
of the first insulating film and a reversely tapered structure of
the second insulating film.

4. The array substrate of claim 1, wherein the width of a
central portion of the contact hole is larger than those of upper
and lower portions of the contact hole.

5. The array substrate of claim 2, wherein the pixel elec-
trode connection pattern is in contact with an inner face of the
first insulating film, the drain electrode, the active layer, and
the pixel electrode.

6. The array substrate of claim 1, wherein the first insulat-
ing film comprising the high temperature silicon nitride film
is formed at a temperature ranging from about 300° C. to
about 800° C., and the second insulating film formed of the
low temperature silicon nitride film is formed at a temperature
ranging from about 100° C. to about 300° C.

7. The array substrate of claim 1, wherein the first insulat-
ing film comprising the high temperature silicon nitride film
has a higher rate of nitrogen (N) over silicon (Si), and the
second insulating film comprising the lower temperature sili-
con nitride film has a lower rate of nitrogen (N) over silicon
(S1).

8. The array substrate of claim 1, wherein the gate electrode
and the source and drain electrodes are made of at least one
material selected from the conductive metal group consisting
of aluminum (Al). tungsten (W), copper (Cu), molybdenum
(Mo), chromium (Cr), titanium (Ti), molytungsten (MoV),
molytitanium (MoT1), and copper/molytitanium (Cu/MoTi).

9. The array substrate of claim 1, wherein the pixel elec-
trode connection pattern and the common electrodes are
made of the same conductive material.

10. The array substrate of claim 1, wherein the plurality of
common electrodes are connected by a common electrode
connection pattern connected to both ends of the respective
common electrodes.

11. A method for fabricating an array substrate for a liquid
crystal display (LCD) device, the method comprising:

preparing a substrate;

forming a gate line arranged in one direction along with a
pixel electrode on the substrate;

forming a data line crossing the gate line to define a pixel
area;

forming a TFT at the crossing of the gate line and the data
line;

stacking a first insulating film formed of'a high temperature
silicon nitride film and a second insulating film formed
of a low temperature silicon nitride film on the entire
surface of the substrate including the pixel electrode and
the TFT;

patterning the second insulating film and the first insulating
film to form a contact hole having an undercut shape
exposing the pixel electrode and the TFT;
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forming a pixel electrode connection pattern connected
with the pixel electrode and the TFT within the contact
hole having an undercut shape; and

forming a plurality of common electrodes separately on the
second insulating film.

12. The method of claim 11, wherein the forming of the
gate line and the pixel electrode comprises:

sequentially forming a first transparent conductive mate-
rial layer and a first conductive metal layer on the sub-
strate;

coating a first photosensitive film on the first conductive
metal layer;

patterning the first photosensitive film through a masking
process using a first diffraction mask to form a first
photosensitive film pattern having a first thickness and a
second thickness smaller than the first thickness;

patterning the first conductive metal layer and the first
transparent conductive material by using the first photo-
sensitive film pattern as a mask to form the gate line and
the pixel electrode together;

performing an ashing process to remove the first photosen-
sitive film pattern having the second thickness;

removing the conductive metal layer under the portion
from which the first photosensitive film pattern having
the second thickness has been removed, to expose the
pixel electrode; and

removing the first photosensitive film pattern having the
first thickness.

13. The method of claim 11, wherein the forming of the
TFT comprises:

forming a gate insulating film, an amorphous silicon layer,
an amorphous silicon layer including impurities, and a
second conductive metal layer on the entire surface of
the substrate including the gate line and the pixel elec-
trode;

forming a second photosensitive film at an upper portion of
the second conductive metal layer and patterning the
same through a masking process using a second diffrac-
tion mask to form a second photosensitive film pattern
having a first thickness and a second thickness smaller
than the first thickness;

patterning the second conductive metal layer, the amor-
phous silicon layer including impurities, and the amor-
phous silicon layer by using the second photosensitive
film pattern as a mask to form a second conductive metal
layer pattern, an ohmic-contact layer, and an active
layer;

removing the photosensitive film pattern having the second

thickness through an ashing process to expose the sec-
ond conductive metal layer at an upper portion of a
channel region; and

removing the exposed second conductive metal layer and

the underlying ohmic-contact layer to form source and
drain electrodes.

14. The method of claim 11, wherein the forming of the
contact hole having the undercut shape exposing the pixel
electrode and the TFT by selectively patterning the second
insulating layer and the first insulating layer comprises:

forming a third photosensitive film on the second insulat-

ing film and patterning the same to form a third photo-
sensitive film pattern; and
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dry-etching the second insulating film and the first insulat-
ing film by using the third photosensitive film pattern as
a mask to form the contact hole having the undercut
shape.
15. The method of claim 11, wherein the forming of the
pixel electrode connection pattern and the plurality of com-
mon electrodes comprises:
forming the second conductive metal layer at an upper
portion of the second insulating film including the con-
tact hole having the undercut shape and the pixel elec-
trode connection pattern connecting the pixel electrode
and the TFT within the contact hole;
forming a fourth photosensitive film covering the pixel
electrode connection pattern within the contact hole
including the second conductive metal layer;

patterning the fourth photosensitive film at an upper por-
tion of the second conductive metal layer to form a
fourth photosensitive film pattern; and

patterning the second conductive metal layer by using the

fourth photosensitive film pattern as a mask to form the
plurality of common electrodes.

16. The method of claim 11, wherein the contact hole
having an undercut shape is configured by a tapered structure
of the first insulating film and a reversely tapered structure of
the second insulating film.

17. The method of claim 11, wherein the width of a central
portion of the contact hole is larger than those of upper and
lower portions of the contact hole.
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18. The method of claim 13, wherein the pixel electrode
connection pattern is in contact with an inner face of the first
insulating film within the contact hole, the active layer, the
drain electrode, and the pixel electrode.

19. The method of claim 11, wherein the first insulating
film formed of the high temperature silicon nitride film is
formed at a temperature ranging from about 300° C. to about
800° C., and the second insulating film formed of the low
temperature silicon nitride film is formed at a temperature
ranging from about 100° C. to about 300° C.

20. The method of claim 11, wherein the first insulating
film formed of the high temperature silicon nitride film has a
higher rate of nitrogen (N) over silicon (Si), and the second
insulating film formed of the lower temperature silicon nitride
film has a lower rate of nitrogen (N) over silicon (Si).

21. The method of claim 12 or claim 13, wherein the first
and second conductive metal layers are made of at least one
selected from the conductive metal group consisting of alu-
minum (Al), tungsten (W), copper (Cu), molybdenum (Mo),
chromium (Cr), titanium (T1), molytungsten (MoV), molyti-
tanium (MoT1), and copper/molytitanium (Cu/MoTi).

22. The method of claim 11, wherein the pixel electrode
connection pattern and the common electrodes are made of
the same conductive material.
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