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the TFT array substrate is inspected by contacting the inspect-
ing pin to the gate and data pads. The TFT array substrate
includes first, second, and third conductive pattern groups.
The first conductive pattern group includes a gate electrode, a
gate line, and a lower gate pad electrode. The second conduc-
tive pattern group includes source and drain electrodes, a data
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and protective film patterns are at areas not occupied by the
third conductive pattern group.
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE AND FABRICATING METHOD
THEREOF, LIQUID CRYSTAL DISPLAY
USING THE SAME AND FABRICATING
METHOD THEREOF, AND METHOD OF
INSPECTING LIQUID CRYSTAL DISPLAY

This application claims the benefit of Korean Patent Appli-
cation Nos. P2003-71400, P2003-92698, P2003-98823, and
P2003-100989, filed on Oct. 14, 2003, Dec. 17, 2003, Dec.
29, 2003, and Dec. 30, 2003, respectively, which are hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device and methods of fabricating the same. More
particularly, the present invention relates to a thin film tran-
sistor (TFT) array substrate for an LCD device and a method
of fabricating the same in a reduced number of mask pro-
cesses. Further, the present invention relates to a method of
inspecting LCD device. More particularly, the present inven-
tion relates to a method of fabricating a TFT array substrate
that facilitates an inspection process.

2. Discussion of the Related Art

Liquid crystal display (LCD) devices express pictures by
selectively altering light transmittance characteristics of lig-
uid crystal material within an LCD panel. Light transmittance
characteristics of the liquid crystal material can be selectively
altered by generating an electric field between a pixel elec-
trode, supported on a lower substrate, and a common elec-
trode, supported on an upper substrate.

LCD panels generally include a TFT array substrate joined
10, and separated from, a color filter array substrate to form a
cell gap. Spacers are distributed within the cell gap to uni-
formly maintain the distance between the TFT array and color
filter array substrates and liquid crystal material is arranged
within the cell gap containing the spacers.

The TFT array substrate typically includes a plurality of
signal wirings, a plurality of TFTs, and an alignment film
coated thereon to impart an alignment to molecules of the
liquid crystal material. The color filter array substrate
includes a color filter for selectively transmitting light having
predetermined ranges of wavelengths, a black matrix for pre-
venting light from being transmitted in regions outside the
pixel areas, and an alignment film coated thereon to impart an
alignment to molecules of the liquid crystal material.

The process used to fabricate the TFT array substrate
described above is complicated and relatively expensive
because it involves a number of semiconductor processing
techniques that require a plurality of mask processes. It is
generally known that a single mask process requires many
sub-processes such as thin film deposition, cleaning, photo-
lithography, etching, photo-resist stripping, inspection, etc.
To reduce the complexity and cost associated with fabricating
TFT array substrates, procedures have been developed to
minimize the number masking process required. Accord-
ingly, a four-mask process has been developed that removes
the necessity of a mask process from the standard five-mask
process.

FIG. 1 illustrates a plan view of a TFT array substrate,
fabricated using a related art four-mask process. FIG. 2 illus-
trates a sectional view of the TFT array substrate taken along
the I-I' line shown in FIG. 1.
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Referring to FIGS. 1 and 2, the TFT array substrate
includes gate lines 2 and data lines 4 formed so as to cross
each other on a lower substrate 1 to define a plurality of pixel
areas 5, a gate insulating film 12 between the gate and data
lines 2 and 4, a TFT 30 provided at each crossing of the gate
and data lines 2 and 4, a pixel electrode 22 provided at each
pixel area, a storage capacitor 40 provided at a region where
the pixel electrode 22 and the gate line 2 overlap, a storage
electrode 28, a gate pad 50 connected to each gate line 2, and
a data pad 60 connected to each data line 4.

Each gate line 2 applies a gate signal to a gate electrode 6
of a corresponding TFT 30. Each data line 4 applies a pixel
signal to a corresponding pixel electrode 22 via a drain elec-
trode 10 of a corresponding TFT 30.

Inresponse to a gate signal applied from a gate line 2,a TFT
30 charges and maintains a pixel signal, applied to a corre-
sponding data line 4, in the pixel electrode 22. Accordingly,
each TFT 30 includes a gate electrode 6 connected to a cor-
responding gate line 2, a source electrode 8 connected to a
corresponding data line 4, and a drain electrode 10 connected
to a corresponding pixel electrode 22. Further, each TFT 30
includes an active layer 14 overlapping the gate electrode 6
and is insulated therefrom by a gate insulating pattern 12.
Accordingly, a channel is formed in a portion of the active
layer 14 between the source and drain electrodes 8 and 10. An
ohmic contact layer 16 is formed on the active layer 14 and
ohmically contacts the overlapping data line 4, the source
electrode 8, and the drain electrode 10 in addition to an
overlaying lower data pad electrode 62 and storage electrode
28.

Each pixel electrode 22 is connected to the drain electrode
10 of a corresponding TFT 30 via a first contact hole 20
formed through a protective film 18.

Each storage capacitor 40 consists of the gate line 2 and a
portion of the storage electrode 28 overlapping the gate line 2,
wherein the two conductors are separated by the gate insulat-
ing film 12, the active layer 14, and the chmic contact layer
16. The pixel electrode 22 is connected to the storage elec-
trode 28 via a second contact hole 28 formed through the
protective film 18. Constructed as described above, the stor-
age capacitor 40 allows pixel signals charged at the pixel
electrode 22 to be uniformly maintained until a next pixel
signal is charged at the pixel electrode 22.

Each gate line 2 is connected to a gate driver (not shown)
viaa corresponding gate pad 50. Accordingly, the gate pad 50
consists of a lower gate pad electrode 52 and an upper gate
pad electrode 54. The lower gate pad electrode 52 is an
extension of gate line 2 and is connected to the upper gate pad
electrode 54 via a third contact hole 56 formed through the
gate insulating film 12 and the protective film 18.

Each data line 4 is connected to a data driver (not shown)
via a corresponding data pad 60. Accordingly, the data pad 60
consists of a lower data pad electrode 62 and an upper data
pad electrode 64. The lower data pad electrode 62 is an
extension of the data line 4 and 1s connected to the upper data
pad electrode 64 via a fourth contact hole 66 formed through
the protective film 18.

Generally, an electric field is generated between the pixel
electrode 22 and a common electrode formed on a color filter
array substrate (not shown) when a pixel signal is applied
froma TFT 30 to the pixel electrode 22 and when a reference
voltage is applied to the common electrode. The liquid crystal
molecules have a particular dielectric anisotropy. Therefore,
in the presence of the electric field, liquid crystal molecules
rotate to align themselves vertically between the TFT and
color filter array substrates. The magnitude of the applied
electric field determines the extent of rotation of the liquid
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crystal molecules. Accordingly, gray scale levels may be dis-
played by a pixel area by varying the magnitude ofthe applied
electric field.

Having described the TFT array substrate above, a method
of fabricating the TFT array substrate according to the related
art four-mask process will now be described in greater detail
with reference to FIGS. 3A to 3D.

Referring to FIG. 3A, a first conductive pattern group,
including the gate line 2, the gate electrode 6, and the lower
gate pad electrode 52, is formed on the lower substrate 1 in a
first mask process.

Specifically, a gate metal layer is formed over the entire
surface of the lower substrate 1 in a deposition technique such
as sputtering. The gate metal layer typically includes an alu-
minum-group metal. The gate metal layer is then patterned
using photolithography and etching techniques in conjunc-
tion with an overlaying first mask pattern to provide the
aforementioned first conductive pattern group.

Referring next to FIG. 3B, the gate insulating film 12 is
coated over the entire surface of the lower substrate 1 and on
the first conductive pattern group. In a second mask process,
semiconductor patterns, including the active layer 14 and the
ohmic contact layer 16, and a second conductive pattern
group, including the data line 4, the source electrode 8, the
drain electrode 10, the lower data pad electrode 62, and the
storage electrode 28, are provided on the gate insulating film
12.

Specifically, the gate insulating film 12, first and second
semiconductor layers, and a data metal layer are sequentially
formed over the surface of the lower substrate 1 and on the
first conductive pattern group by deposition techniques such
as plasma enhanced chemical vapor deposition (PECVD)and
sputtering. The gate insulating film 12 typically includes an
inorganic insulating material such as silicon nitride (SiNx) or
silicon oxide (Si0x). The active layer 14 is formed from the
first semiconductor layer and typically includes undoped
amorphous silicon. The ohmic contact layer is formed from
the second semiconductor layer and typically includes an n*
doped amorphous silicon. The data metal layer typically
includes molybdenum (Mo), titanium (Ti), tantalum (Ta).

A photo-resist film is then formed over the data metal layer
and is photolithographically patterned using a second mask
pattern. Specifically, the second mask pattern is provided as a
diffractive exposure mask having a diffractive exposure
region corresponding to a channel portion of a subsequently
formed TFT. Upon exposure through the second mask pattern
and development, a photo-resist pattern is created wherein a
portion of the photo-resist film remaining in a region corre-
sponding to the channel portion has a lower height than por-
tions of the photo-resist film remaining in regions outside the
channel portion.

Subsequently, the photo-resist pattern is used as a mask to
pattern the data metal layer in a wet etching process and form
the aforementioned second conductive pattern group (i.e., the
data line 4, the source electrode 8, the drain electrode 10, and
the storage electrode 28), wherein the source and drain elec-
trodes 8 and 10 are connected to each other in a region
corresponding to the channel portion. Next, the photo-resist
pattern is used as a mask 1o sequentially pattern the first and
second semiconductor layers in a dry etching process and
form the active layer 14 and the ohmic contact layer 16.

After the active and ohmic contact layers 14 and 16 are
formed, the portion of the photo-resist having the relatively
lower height is removed from the region corresponding to the
channel portion in an ashing process. Upon performing the
ashing process, the relatively thicker portions of the photo-
resist in regions outside the channel portion are thinned but,
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nevertheless, remain. Using the photo-resist pattern as a
mask, the portion of the second conductive pattern group and
the ohmic contact layer 16 arranged in the region correspond-
ing to the channel portion are then etched in a dry etching
process. As a result, the active layer 14 within the channel
portion is exposed, the source electrode 8 is disconnected
from the drain electrode 10, and the remaining photo-resist
pattern is removed in a stripping process.

Referring next to F1G. 3C, the protective film 18 is coated
over the entire surface of the lower substrate, on the gate
insulting film 12, the second conductive pattern group, and
the active layer 14. In a third mask process, the first to fourth
contact holes 20, 42, 56, and 66, respectively, are formed
through the protective film 18.

Specifically, the protective film 18 is formed over the sur-
face of the lower substrate, and on the gate insulting film 12,
the second conductive pattern group, and the active layer 14
by a deposition technique such as plasma enhanced chemical
vapor deposition (PECVD). The protective film 18 typically
includes an inorganic insulating material such as silicon
nitride (SiNx) or silicon oxide (SiOx), or an organic material
having a small dielectric constant such as an acrylic organic
compound, BCB (benzocyclobutene) or PFCB (perfluorocy-
clobutane). A third mask pattern is then arranged over the
protective film 18 and the protective film 18 is then patterned
by using photolithography and etching processes to thereby
define the first to fourth contact holes 20, 42, 56, and 66. The
first contact hole 20 is formed through the protective film 18
to expose the drain electrode 10, the second contact hole 42 is
formed through the protective film 18 to expose the storage
electrode 28, the third contact hole 56 is formed through the
protective film 18 and the gate insulating film 12 to expose the
lower gate pad electrode 52, and the fourth contact hole 66 is
formed through the protective film 18 to expose the lower data
pad electrode 62.

Referring next to F1G. 3D, a third conductive pattern group
including the pixel electrode 22, the upper gate pad electrode
54, and the upper data pad electrode 64 are formed on the
protective film 18 in a fourth mask process.

Specifically, a transparent conductive material is coated
over the entire surface of the protective film 18 and in first to
fourth contact holes 20, 42, 56, and 66 by a deposition tech-
nique such as sputtering. The transparent conductive material
typically includes indium-tin-oxide (ITO), tin-oxide (TO),
indium-zinc-oxide (IZO) or indium-tin-zinc-oxide (ITZO).
In a fourth mask process, the transparent conductive material
is patterned using photolithographic and etching techniques
to thereby form the aforementioned third conductive pattern
group (i.e., the pixel electrode 22, the upper gate pad elec-
trode 54, the upper data pad electrode 64).

Accordingly, the pixel electrode 22 is electrically con-
nected to the drain electrode 10 via the first contact hole 20
while also being electrically connected to the storage elec-
trode 28, via the second contact hole 42. The upper gate pad
electrode 54 is electrically connected to the lower gate pad
electrode 52 via the third contact hole 56, and the upper data
pad electrode 64 is electrically connected to the lower data
pad electrode 62 via the fourth contact hole 66.

While the TFT array substrate described above may be
formed using a four-mask process that is advantageous over
previously known five-mask processes, the four-mask pro-
cess can still be undesirably complicated and, therefore,
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costly. Accordingly, it would be beneficial to fabricate a TFT
array substrate according to aless complex, and therefore less
costly, process.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a thin film
transistor array substrate and method of fabricating the same,
a liquid crystal display using the thin film transistor substrate
and a method of fabricating the same, and a method of
inspecting liquid crystal displays that substantially obviates
one or more of the problems due to limitations and disadvan-
tages of the related art.

An advantage of the present invention provides a thin film
transistor array substrate and method of fabricating the same
in a reduced number of mask processes, a liquid crystal dis-
play using the same and a fabricating method thereof, and a
method of inspecting the liquid crystal display.

Another advantage of the present invention provides a thin
film transistor array substrate and method of fabricating the
same in a reduced number of mask processes, a liquid crystal
display using the same and a fabricating method thereof, and
a method of inspecting the liquid crystal display that facili-
tates contact of an automatic inspecting pin during an auto-
mated inspection process.

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 particularly
pointed out in the written description and claims hereof as
well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a thin film transistor array substrate
according may, for example, include a first conductive pattern
group on a first substrate, wherein the first conductive pattern
group includes a gate electrode, a gate line connected to the
gate electrode, and a lower gate pad electrode connected to
the gate line; a second conductive pattern group on the sub-
strate, wherein the second conductive pattern group includes
a source electrode, a drain electrode, a data line connected to
the source electrode, and a lower data pad electrode con-
nected to the data line; a semiconductor pattern provided
along and below the second conductive pattern group; a third
conductive pattern group on the substrate, wherein the third
conductive pattern group includes a pixel electrode connected
to the drain electrode, an upper gate pad electrode connected
to the lower gate pad electrode, and an upper data pad elec-
trode connected to a side surface of the lower data pad elec-
trode, wherein the upper data pad electrode contacts the sub-
strate; a gate insulating pattern between the first and second
conductive pattern groups; and a protective film pattern
between the pixel electrode, the upper gate pad electrode, and
the upper data pad electrode of the third conductive pattern
group.

In one aspect of the present invention, a line width of at
least one of the upper gate pad electrode and the upper data
pad electrode may be greater than a width of an inspecting
pin.

In another aspect of the present invention, the line width of
at least one of the upper gate pad electrode and the upper data
pad electrode may be greater than about 26 pm.

In still another aspect of the present invention, the line
width of at least one of the upper gate pad electrode and the
upper data pad electrode may be about 34 um to about 38 pm.
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In yet another aspect of the present invention, the thin film
transistor array substrate may further include at least one data
contact hole exposing the substrate and at least one side
surface of the lower data pad electrode.

In still another aspect of the present invention, the at least
one data contact hole may, for example, include a first data
contacthole exposing a first side surface of the lower data pad
electrode and a second data contact hole spaced apart from the
first data contact hole by a predetermined distance, wherein
the second data contact hole may expose a second side surface
of the lower data pad electrode.

In another aspect of the present invention, the thin film
transistor array substrate may further include at least one of
dummy pattern within at least one data contact hole between
the upper data pad electrode and the first substrate.

In one aspect of the present invention, the dummy pattern
and the gate insulating pattern may include the same material.

In another aspect of the present invention, the pixel elec-
trode may contact the substrate and a side surface of the drain
electrode.

In still another aspect of the present invention, the thin film
transistor array substrate may further include a storage
capacitor, wherein the storage capacitor may, for example,
include the gate line, a storage electrode overlapping the gate
line, and the gate insulating pattern and the semiconductor
pattern between the gate line and the storage electrode,
wherein the storage electrode may contact a side surface of
the pixel electrode.

According to principles of the present invention, a thin film
transistor array substrate may, for example, include a gate line
provided on a substrate; a data line crossing the gate line to
define a pixel area; a gate insulating film between the gate and
data lines; a pixel electrode at the pixel area and connected to
the thin film transistor; a gate pad connected to the gate line;
and a data pad connected to the data line, wherein at least one
of the gate pad and the data pad contacts the substrate and
includes an exposed transparent conductive material.

In one aspect of the present invention, a line width of the
exposed transparent conductive material of at least one of the
gate pad and the data pad may be larger than a width of an
inspecting pin.

In another aspect of the present invention, the line width of
the exposed transparent conductive material of at least one of
the gate pad and the data pad may be greater than about 26 pm.

In still another aspect of the present invention, the line
width of the exposed transparent conductive material of at
least one of the gate pad and the data pad may be about 34 um
to 38 about pm.

In yet another aspect of the present invention, the gate pad
may, for example, include the transparent conductive material
and the thin film transistor array substrate may further include
a gate metal material on the transparent conductive material
of the gate pad, wherein at least a portion of the transparent
conductive material of the gate pad may be exposed by the
gate metal material.

In another aspect of the present invention, the gate line and
a gate electrode may, for example, include the transparent
conductive material and the thin film transistor array substrate
may further include a gate metal material that overlaps a
portion of the transparent conductive material of the gate line
and the gate electrode.

In one aspect of the present invention, the transparent con-
ductive material may include atleast one of TO, ITO, IZO and
ITZO and the gate metal material may include at least one of
an aluminum group metal, Mo, Cu, Cr, Ta and Ti.

According to principles of the present invention, a liquid
crystal display device may, for example, include a thin film
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transistor array substrate joined to a color filter array sub-
strate. The thin film transistor may, for example, include a
gate line on a first substrate; a data line crossing the gate line;
a thin film transistor at the crossing of the gate and data lines;
a protective film covering the thin film transistor; a pixel
electrode connected to the thin film transistor; and a pad
connected to at least one of the gate and data lines, wherein
the pad includes a transparent conductive material contacting
the first substrate. When joined, the color filter array substrate
overlaps the protective film and wherein the transparent con-
ductive material of the pad is exposed by the protective film
and color filter array substrate.

In one aspect of the present invention, the pad may, for
example, include a gate pad connected to the gate line and a
data pad connected to the data line.

In another aspect of the present invention, a line width of
the exposed transparent conductive material of at least one of
the gate pad and the data pad may be larger than a width of an
inspecting pin.

In still another aspect of the present invention, the line
width of the exposed transparent conductive material of at
least one of the gate pad and the data pad may be greater than
about 26 pm.

Inyetanother aspect of the present invention, the line width
of the exposed transparent conductive material of at least one
of the gate pad and the data pad may be about 34 um to about
38 pm.

In still another aspect of the present invention, the gate pad
may. for example, include the transparent conductive material
and the thin film transistor array substrate may further include
a gate metal material on the transparent conductive material
of the gate pad and exposing at least a portion of the trans-
parent conductive material of the gate pad.

In another aspect of the present invention, the gate line and
a gate electrode may, for example, include the transparent
conductive material and the thin film transistor array substrate
may further include a gate metal material that overlaps a
portion of the transparent conductive material of the gate line
and the gate electrode.

In one aspect of the present invention, the transparent con-
ductive material may include at least one of TO, ITO, IZO and
ITZO and the gate metal material may include at least one of
an aluminum group metal, Mo, Cu, Cr, Ta and Ti.

In another aspect of the present invention, the liquid crystal
display device may further include a contact hole through the
gate insulating film and the gate metal material of the gate
pad, wherein the contact hole exposes a portion of the trans-
parent conductive material of the gate pad; and a conductive
film connected to the portion of the transparent conductive
material of the gate pad exposed by the contact hole.

According to principles of the present invention, a method
of fabricating a thin film transistor array substrate may, for
example, include forming a first conductive pattern group on
a substrate, wherein the first conductive pattern group may,
for example, include a gate electrode, a gate line connected to
the gate electrode, and a lower gate pad electrode connected
to the gate line; forming a gate insulating film on the substrate
and on the first conductive pattern group; forming a second
conductive pattern group on the gate insulating film, wherein
the second conductive pattern group may, for example,
include a source electrode, a drain electrode, a data line con-
nected to the source electrode, and a lower data pad electrode
connected to the data line; forming a semiconductor pattern
along and below the second conductive pattern group; form-
ing a third conductive pattern group on the substrate, wherein
the third conductive pattern group may, for example, include
a pixel electrode connected to the drain electrode, an upper
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gate pad electrode connected to the lower gate pad electrode,
and an upper data pad electrode connected to a side surface of
the lower data pad electrode; forming a gate insulating pattern
between the first and second conductive pattern groups; and
forming a protective film pattern between the pixel electrode,
the upper gate pad electrode, and the upper data pad electrode
of the third conductive pattern group.

In one aspect of the present invention, forming the third
conductive pattern group may, for example, include forming
at least one of the upper gate pad electrode and the upper data
pad electrode to have a line width larger than a width of an
inspecting pin.

In another aspect of the present invention, the line width of
at least one of the upper gate pad electrode and the upper data
pad electrode may be greater than about 26 pm.

In still another aspect of the present invention, the line
width of at least one of the upper gate pad electrode and the
upper data pad electrode may be about 34 um to about 38 pum.

In yet another aspect of the present invention, forming the
gate insulating pattern and the protective film pattern may, for
example, include forming at least one data contact hole
through the gate insulating pattern, the protective film pattern,
and at least one side portion of the lower data pad electrode,
wherein the at least one data contact hole may expose the
substrate and at least one side surface of the lower data pad
electrode.

In still another aspect of the present invention, forming the
gate insulating pattern and the protective film pattern may, for
example, includes forming a first data contact hole exposing
a first side surface of the lower data pad electrode and forming
a second data contact hole spaced apart from the first data
contacthole by a predetermined distance, wherein the second
data contact hole may expose a second side surface of the
lower data pad electrode.

In another aspect of the present invention, the method may
further include forming at least one dummy pattern within at
least one data contact hole between the upper data pad elec-
trode and the first substrate.

In one aspect of the present invention, the dummy pattern
may be formed by forming a protective film on the substrate
and on the lower data pad electrode; forming a photo-resist
pattern on the protective film; using the photo-resist pattern as
a mask, etching the protective film in a first etching gas
composition to form the protective film pattern, wherein the
first etching gas composition includes O, and SF, wherein
the first etching gas composition includes more O, than SF;
using the photo-resist pattern as a mask, etching the lower
data pad electrode in second etching gas composition includ-
ing O, and SF, wherein the second etching gas composition
includes more SF than O,; using the photo-resist as a mask,
partially etching the semiconductor pattern in a third etching
gas composition including Cl, and HCl such that a portion of
the semiconductor pattern remains; and, using the remaining
portion of the semiconductor pattern as a mask, partially
etching the gate insulating film such that a portion of the gate
insulating film remains.

In another aspect of the present invention, the first etching
gas composition may have a ratio of SF, to O, of about 1:3.

In still another aspect of the present invention, the second
etching gas composition may have a ratio of SF4 to O, of
about 3~10:1.

In yet another aspect of the present invention, the third
conductive pattern group, the gate insulating pattern, and the
protective film pattern may be formed by forming a protective
film on the gate insulating film and on the second conductive
pattern group; forming a photo-resist pattern on the protective
film; using the photo-resist pattern as a mask, etching the
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protective film, the gate insulating film, the drain electrode,
and the semiconductor pattern in an etching gas to form the
gate insulating pattern and the protective film pattern,
wherein the drain electrode and semiconductor pattern are
etched in an etching gas including SF and O, such that a side
surface of the drain electrode is substantially coplanar with
side surfaces of the protective and gate insulating patterns;
depositing a transparent conductive material on the substrate,
the side surfaces of the protective and gate insulating patterns,
and the photo-resist pattern; and forming the third conductive
pattern group by removing the photo-resist pattern and por-
tions of the transparent conductive material on the photo-
resist pattern.

In still another aspect of the present invention, the method
may further include forming a storage electrode over the gate
line and separated from the gate line by the gate insulating
pattern and the semiconductor pattern, wherein the storage
electrode may form a storage capacitor, and wherein the
storage electrode may contact a side surface of the pixel
electrode.

According to principles of the present invention, a method
of fabricating a thin film transistor array substrate may, for
example, include forming a gate line on a substrate; forming
a data line crossing the gate line to define a pixel area; forming
a gate insulating film between the gate and data lines; forming
a thin film transistor at the crossing of the gate and data lines;
forming a pixel electrode on the substrate at the pixel area and
connected to the thin film transistor; forming a gate pad
connected to the gate line and a data pad connected to the data
line, wherein at least one of the gate pad and the data pad
contacts the substrate and includes a transparent conductive
material; and exposing at least a portion of the transparent
conductive material of at least one of the gate and data pads.

In one aspect of the present invention, the exposing may,
for example, include defining an exposed area having a line
width that is larger than a width of an inspecting pin.

In another aspect of the present invention, the line width of
the exposed transparent conductive material of at least one of
the gate pad and the data pad may be greater thanabout 26 pm.

In still another aspect of the present invention, the line
width of the exposed transparent conductive material of at
least one of the gate pad and the data pad may be about 34 pm
10 about 38 um.

In yet another aspect of the present invention, the gate pad
may include the transparent conductive material and the
method may further include forming a gate metal material on
the transparent conductive material of the gate pad; and
removing a portion of the gate metal material to expose at
least a portion of the transparent conductive material of the
gate pad.

In still another aspect of the present invention, the gate line
includes the transparent conductive material and the method
may further include forming a gate metal material on the
transparent conductive material of the gate line and a gate
electrode of the thin film transistor.

In another aspect of the present invention, the transparent
conductive material may include at least one of TO, ITO, IZO
and ITZO; and the gate metal material may include at least
one of an aluminum group metal, Mo, Cu, Cr, Ta and Ti.

According to principles of the present invention, a method
of fabricating a liquid crystal display device may, for
example, include forming a thin film transistor; forming a
color filter array substrate; and joining the thin film transistor
array substrate to the color filter array substrate. The thin film
transistor array substrate may be formed by forming a gate
line on a first substrate; forming a data line crossing the gate
line; forming a thin film transistor at the crossing of the gate
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and data lines; forming a protective film over the thin film
transistor; a forming a pixel electrode connected to the thin
film transistor; and forming a pad connected to at least one of
the gate line and the data line, wherein the pad includes a
transparent conductive material contacting the first substrate.
Upon being joined, the color filter array substrate may over-
lap the protective film. Further, the method may include
exposing atleast a portion of the transparent conductive mate-
rial of the pad within the protective film.

In one aspect of the present invention, the pad may be
formed by forming a gate pad connected to the gate line and
forming a data pad connected to the data line.

In another aspect of the present invention, the exposing
may, for example, include exposing at least a portion of the
transparent conductive material of at least one of the gate and
data pads to define an exposed area having a line width that is
larger than a width of an inspecting pin.

In still another aspect of the present invention, the line
width of the exposed transparent conductive material of at
least one of the gate pad and the data pad may be greater than
about 26 pm.

Inyet another aspect of the present invention, the line width
of the exposed transparent conductive material of at least one
of the gate pad and the data pad may be about 34 um to about
38 um.

In still another aspect of the present invention, the gate pad
may include the transparent conductive material and the
method may further include forming a gate metal material on
the transparent conductive material of the gate pad; and
removing a portion of the gate metal material to expose at
least a portion of the transparent conductive material of the
gate pad.

In still another aspect of the present invention, the gate line
includes the transparent conductive material and the method
may further include forming a gate metal material on the
transparent conductive material of the gate line and a gate
electrode of the thin film transistor.

In one aspect of the present invention, the transparent con-
ductive material may include atleast one of TO, ITO, [ZO and
ITZ0; and the gate metal material may include at least one of
an aluminum group metal, Mo, Cu, Cr, Ta and Ti.

In another aspect of the present invention, the method may
further include forming a contact hole through the gate insu-
lating film and the gate metal material of the gate pad, wherein
the contact hole may expose a portion of the transparent
conductive material of the gate pad; and attaching a conduc-
tive film to the portion of the transparent conductive film
exposed by the contact hole.

According to principles of the present invention, a method
of inspecting a liquid crystal display device may, for example,
include directly contacting an inspecting pin to a transparent
conductive material exposed by a patterned protective film
formed over at least one of a gate pad and a data pad of liquid
crystal display device, wherein the inspecting pin has a first
width, wherein at least one of the gate and data pads have a
second width greater than the first width, wherein the gate pad
is connected to a gate line of the liquid crystal display device,
and wherein the data pad is connected to a data line of the
liquid crystal display device; applying a signal from the
inspecting pin to the contacted one of the gate and data pads;
and determining whether at least one of the gate and data lines
are defective based upon the applying.

In one aspect of the present invention, a width of the
inspecting pin may be less than about 26 wm and a line width
of the exposed transparent conductive material may be
greater than about 26 pum.
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It is to 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

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 illustrates a plan view of a thin film transistor (TFT)
array substrate, fabricated using a related art four-mask pro-
cess;

FIG. 2 illustrates a sectional view of the TFT array sub-
strate taken along line I-I' shown in FIG. 1;

FIGS. 3A to 3D illustrate a method of fabricating the TFT
array substrate shown in FIGS. 1 and 2;

FIG. 4 illustrates a plan view of a TFT array substrate
according to a first embodiment of the present invention;

FIG. § illustrates a sectional view of the TFT array sub-
strate taken along line II-1I' shown in F1G. 4;

FIGS. 6A and 6B illustrate plan and sectional views,
respectively, describing a first mask process in the method of
fabricating the TFT array substrate according to the first
embodiment of the present invention;

FIGS. 7A and 7B illustrate plan and sectional views,
respectively, generally describing a second mask process in
the method of fabricating the TFT array substrate according
1o the first embodiment of the present invention;

FIGS. 8A to 8C illustrate sectional views specifically
describing the second mask process in the method of fabri-
cating the TFT array substrate according to the first embodi-
ment of the present invention;

FIGS. 9A and 9B illustrate plan and sectional views,
respectively, generally describing a third mask process in the
method of fabricating the TFT array substrate according to
the first embodiment of the present invention;

FIGS. 10A to 10E illustrate sectional views specifically
describing the third mask process in the method of fabricating
the TFT array substrate according to the first embodiment of
the present invention;

FIG. 11 illustrates a plan view of a TFT array substrate
according to a second embodiment of the present invention;

FIG. 12 illustrates a sectional view of the TFT array sub-
strate taken along line III-III' shown in FIG. 11;

FIGS. 13A to 13C illustrate sectional views generally
describing a method of fabricating the TFT array substrate
according to the second embodiment ofthe present invention;

FIG. 14 illustrates a plan view of a liquid crystal display
device incorporating the TFT array substrate shown in FI1G. 4;

FIG. 15 illustrates a sectional view of the liquid crystal
display device along line IV-IV' shown in FIG. 14;

FIG. 16 illustrates a plan view of a liquid crystal display
device incorporating the TFT array substrate shown in FIG.
11;

FIG. 17 illustrates a sectional view of the liquid crystal
display device along line V-V' shown in FIG. 16;

FIG. 18 illustrates a plan view of a TFT array substrate
according to a third embodiment of the present invention;

FIG. 19 illustrates a sectional view of the TFT array sub-
strate taken along line VI-VI' shown in FIG. 18;

FIGS. 20A and 20B illustrate plan and sectional views,
respectively, describing a first mask process in the method of
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fabricating the TFT array substrate according to the third
embodiment of the present invention;

FIGS. 21A to 21C illustrate plan and sectional views
describing a second mask process in the method of fabricating
the TET array substrate according to the third embodiment of
the present invention,

FIGS. 22A to 22D illustrate plan and sectional views
describing a third mask process in the method of fabricating
the TFT array substrate according to the third embodiment of
the present invention;

FIG. 23 illustrates a sectional view of a discontinuously
formed pixel electrode;

FIG. 24 illustrates a plan view of a TFT array substrate
according to a fourth embodiment of the present invention;

FIG. 25 illustrates a sectional view of the TFT array sub-
strate taken along line VII-VII' shown in FIG. 24;

FIGS. 26A to 26D illustrate a process of forming the
dummy pattern shown in FIG. 25;

FIG. 27 illustrates a plan view of a data pad in a TFT array
substrate according to a fifth embodiment of the present
invention;

FIG. 28 illustrates a sectional view of the data pad in the
TFT array substrate taken along line VIII-VIII' shown in FIG.
27,

FIGS. 29A to 29D illustrate sectional views describing a
method of fabricating the data pad shown in FIGS. 27 and 28;

FIG. 30 illustrates a plan view of a data pad in a TFT array
substrate according to a sixth embodiment of the present
invention;

FIG. 31 illustrates a sectional view of the data pad in the
TFT array substrate taken along line IX-IX' shown in FIG. 30;
and

FIGS. 32A to 32D illustrate sectional views describing a
method of fabricating the data pad shown in FIG. 31.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings.

FIG. 4 illustrates a plan view of a TFT array substrate
according to a first embodiment of the present invention. FIG.
5 illustrates a sectional view of the TFT array substrate taken
along line II-II' shown in FIG. 4.

Referring to FIGS. 4 and 5, the TFT array substrate of the
first embodiment may, for example, include gate lines 102
and data lines 104 formed so as to cross each other on a lower
substrate 101 and to define a plurality of pixel areas 105; a
gate insulating pattern 112 formed between the gate and data
lines 102 and 104; a thin film transistor 130 at each crossing
of the gate and data lines 102 and 104; a pixel electrode 122
ateach pixel area, a storage capacitor 140 provided ata region
where a storage electrode 128 and gate line 102 overlap, a
gate pad 150 extending from the gate line 102, and a data pad
160 extending from the data line 104.

Each gate line 102 may be supplied with a gate signal, each
data line 104 may be supplied with a data signal. In response
to a gate signal supplied to the gate line 102, a TFT 130
charges and maintains a pixel signal, supplied to a corre-
sponding data line 104, in the pixel electrode 122. Accord-
ingly, each TFT 130 may, for example, include a gate elec-
trode 106 connected to a corresponding gate line 102, a
source electrode 108 connected to a corresponding data line
104, and a drain electrode 110 connected to a corresponding
pixel electrode 122.
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Further, each thin film transistor 130 may include an active
layer 114 overlapping the gate electrode 106 and insulated
therefrom by the gate insulating pattern 112. Accordingly, a
channel is formed in a portion of the active layer 114 between
the source electrode 108 and the drain electrode 110. An
ohmic contact layer 116 may be formed on the active layer
114 and ohmically contact the overlapping data line 104, the
source electrode 108, and the drain electrode 110 in addition
to an overlaying storage electrode 128. In one aspect of the
present invention, portions of the active and ohmic contact
layers 114 and 116 may be removed between adjacent cells to
prevent signal interference therebetween.

As will be discussed in greater detail below, the gate elec-
trode 106, the gate line 102, the gate pad 150, the data pad
160, and the pixel electrode 122 may comprise a first condu-
cive pattern group. In one aspect of the present invention, the
gate electrode 106, the gate line 102, and the gate pad 150
may. for example, include a transparent conductive material
170 and a gate metal material 172 disposed over the transpar-
ent conductive material 170. In another aspect of the present
invention, the data pad 160 and the pixel electrode 122, how-
ever, may include only the transparent conductive material
170. In still another aspect of the present invention, the por-
tions of the data pad 160 beneath the data line 104 may
include the transparent conductive material 170 and the over-
laying gate metal material 172.

Hach pixel electrode 122 may include the transparent con-
ductive material 170 and directly contact the drain electrode
110 of a corresponding TFT 130.

Each storage capacitor 140 may, for example, include the
gate line 102 and the storage electrode 128 overlapping with
the gate line 102, wherein the two conductors are separated by
the gate insulating pattern 112, the active layer 114, and the
ohmic contact layer 116. The storage electrode 128 may
directly contact the pixel electrode 122. Constructed as
described above, the storage capacitor 140 may allow pixel
signals charged at the pixel electrode 122 to be uniformly
maintained until a next pixel signal is charge at the pixel
electrode 122.

Gate signals may be supplied to each gate line 102 via a
corresponding gate pad 150. Accordingly, each gate pad 150
may be connected to a gate driver (not shown) that supplies
the gate signals. In one aspect of the present invention, each
gate pad 150 may comprise the transparent conductive mate-
rial 170 and the overlaying gate metal material 172. In another
aspect of the present invention, the gate line 102 and the gate
electrode 106 may also comprise the transparent conductive
material 170 and the overlaying gate metal material 172. In
yet another aspect of the present invention, at least a portion
of the transparent conductive material 170 of the gate pad 150
may be exposed by a contact hole 180 formed through the
gate insulating pattern 112 and the portion of the gate metal
material 172 included within the gate pad 150.

Data signals may be supplied to each data line 104 via a
corresponding data pad 160. Accordingly, each data pad 160
may be connected to a data driver (not shown) that supplies
the data signals. In one aspect of the present invention, each
data pad 160 may comprise the transparent conductive mate-
rial 170 and directly contact the data line 104, wherein a
portion of the transparent conductive material 170 within the
data pad 160 is exposed by the dataline 104. Alternatively, the
data pad 160 may consist of the transparent conductive mate-
rial 170, and the gate metal material 172 formed on the
transparent conductive material 170 at an area overlapped by
the data line 104.

During operation, an electric field may be generated
between the pixel electrode 122 and a common electrode
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formed on a color filter array substrate (not shown) when a
pixel signal is applied from a TFT 130 to the pixel electrode
122 and when a reference voltage is applied to the common
electrode. The liquid crystal molecules have a particular
dielectric anisotropy. Therefore, in the presence of the electric
field, liquid crystal molecules rotate to align themselves
between the TFT and color filter array substrates. The mag-
nitude of the applied electric field determines the extent of
rotation of the liquid crystal molecules. Accordingly, various
gray scale levels of light emitted by a light source (not shown)
may be transmitted by a pixel area by varying the magnitude
of the applied electric field.

According to principles of the present invention, the trans-
parent conductive material 170 has a strong corrosion resis-
tance. Thus, as described above, portions of the transparent
conductive material 170 comprised within the gate pad 150
and the data pad 160 may be exposed to ensure high reliability
against corrosion. Further, the gate pad 150 and the data pad
160 having the exposed transparent conductive material 170
can be prevented from breaking if a tape carrier package
(TCP) is repetitively attached and detached.

FIGS. 6A and 6B illustrate plan and sectional views,
respectively, describing a first mask process in the method of
fabricating the TFT array substrate according to the first
embodiment of the present invention.

Referring to FIGS. 6A and 6B, a first conductive pattern
group may be formed on the lower substrate 101 in a first
mask process. In one aspect of the present invention, the first
conductive pattern group may, for example, include the pixel
electrode 122, the gate line 102, the gate electrode 106, the
gate pad 150, and the data pad 160.

According to principles of the present invention, the first
conductive pattern group may comprise a transparent conduc-
tive material 170 and a gate metal material 172 sequentially
deposited on the lower substrate 101 by a technique such as
sputtering, or the like. In one aspect of the present invention,
the transparent conductive material 170 may include a mate-
rial such as indium-tin-oxide (ITO), tin-oxide (TO), indium-
zinc-oxide (IZO) or indium-tin-zinc-oxide (ITZO), or the
like, or combinations thereof. In another aspect of the present
invention, the gate metal material 172 may include a material
such as an aluminum group metal (e.g., aluminum/neody-
mium (AINd), etc.) molybdenum (Mo), copper (Cu), chrome
(Cr), tantalum (Ta), titanium (T1), or the like, or combinations
thereof. The transparent conductive material 170 and gate
metal material 172 may be patterned using photolithographic
and etching techniques using a first mask pattern to provide
the aforementioned first conductive pattern group. Accord-
ingly, the gate line 102, the gate electrode 106, the gate pad
150, the data pad 160, and the pixel electrode 122 may have a
double-layer structure including the transparent conductive
material 170 and gate metal material 172.

FIGS. 7A and 7B illustrate plan and sectional views,
respectively, generally describing a second mask process in
the method of fabricating the TFT array substrate according
to the first embodiment of the present invention.

Referring to FIGS. 7A and 7B, the gate insulating pattern
112 and semiconductor pattern, comprised of an active layer
114 and an ohmic contact layer 116, are formed on the lower
substrate 101 and on the first conductive pattern group in a
second mask process. According to principles of the present
invention, the gate insulating pattern 112 and the active and
ohmic contact layers 114 and 116 are formed to expose the
gate pad 150, the data pad 160, and the pixel electrode 122. In
one aspect of the present invention, portions of the gate metal
material 172 exposed by the gate insulating pattern 112 and
the active and ohmic contact layers 114 and 116 may be



US 7,760,317 B2

15

removed to completely expose the transparent conductive
material 170 included within the data pad 160 and the pixel
electrode 122. In another aspect of the present invention, a
first contact hole 180 may be formed through the semicon-
ductor pattern, the gate insulating pattern 112, and a portion
of the gate metal material 172 within the gate pad 150 to
partially expose the transparent conductive material 170
included within the gate pad 150.

The second mask process of the first embodiment
described above with respect to FIGS. 7A and 7B will now be
described in greater detail with respect to FIGS. 8A to 8C.

Referring to FIG. 8A, a gate insulating film 111, a first
semiconductor layer 115, and a second semiconductor layer
117 are sequentially formed on the lower substrate 101 and on
the first conductive pattern group. In one aspect of the present
invention, the gate insulating film 111 and first and second
semiconductor layers 115 and 117 are formed according to a
deposition technique such as PEVCD, sputtering, or the like.
In another aspect of the present invention, the gate insulating
film 111 may, for example, include an inorganic insulating
material such as silicon nitride (SiNx) or silicon oxide (SiOx).
In another aspect of the present invention, the first semicon-
ductor layer 115 may, for example, include undoped amor-
phous silicon. In still another aspect of the present invention,
the second semiconductor layer 117 may, for example,
include N- or P-doped amorphous silicon.

A first photo-resist film 156 is then formed over the entire
surface of the second semiconductor layer 117 and is photo-
lithographically patterned using a second mask pattern 162.
According to principles of the present invention, the second
mask pattern 162 may, for example, include a mask substrate
152 formed of a suitably transparent material and a plurality
of shielding parts 154 within shielding areas S2 on the mask
substrate 152, wherein the shielding areas S2 are separated by
exposure areas S1.

Referring to FIG. 8B, the first photo-resist film 156 may,
via the second mask pattern 162, be selectively exposed to
light through the exposure areas S1 and developed, thereby
creating a first photo-resist pattern 158. The gate insulating
film 111 and the first and second semiconductor layers 115
and 117 may then be patterned, via the first photo-resist
pattern 158, using photolithographic and etching techniques
1o form the gate insulating pattern 112 in addition to the
semiconductor patterns including the active and ohmic con-
tact layers 114 and 116, respectively. In one aspect of the
present invention, the gate insulating pattern 112, in addition
to the active and ohmic contact layers 114 and 116, may be
patterned to expose the pixel electrode 122 and the data pad
160. Further, a first contact hole 180 may be formed through
the gate insulating pattern 112 and the active and ohmic
contact layers 114 and 116 to expose a portion of the gate pad
150. In another aspect of the present invention, a width of the
gate insulating pattern 112 and the active and ohmic contact
layers 114 and 116 may be greater than a width of the struc-
tures within the first conductive pattern group to prevent a
deterioration of the channel characteristics of the TFT 130.
Thus, upon forming the gate insulating pattern 112 and the
active and ohmic contact layers 114 and 116, gate metal
material 172 within the gate pad 150, the pixel electrode 122,
and the data pad 160 may be exposed. After forming the gate
insulating pattern 112 and active and ohmic contact layers
114 and 116, the first photo-resist pattern 158 is stripped.

Next, and referring to FIG. 8C, the portions of the exposed
gate metal material 172 may be removed in a wet etching
process using the gate insulating pattern 112 and the active
and ohmic contact layers 114 and 116 as amask. Accordingly,
an entirety of the gate metal material 172 within the data pad
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160 and the pixel electrode 122 is removed to expose the
entire transparent conductive material 170 included therein
while a portion of the gate metal material 172 within the gate
pad 150 is removed to expose the transparent conductive
material 170 therein, arranged within the first contact hole
180.

FIGS. 9A and 9B illustrate plan and sectional views,
respectively, generally describing a third mask process in the
method of fabricating the TFT array substrate according to
the first embodiment of the present invention.

Referring to FIGS. 9A and 9B, a second conductive pattern
group may be formed on the lower substrate 101 and on the
gate insulating pattern 112, in addition to the active and ohmic
contact layers 114 and 116, in a third mask process. In one
aspect of the present invention, the second conductive pattern
group may, for example, include the data line 104, the source
electrode 108, the drain electrode 110, and the storage elec-
trode 128.

The third mask process of the first embodiment described
above with respect to FIGS. 9A and 9B will now be described
in greater detail with reference to FIGS. 10A to 10E.

Referring to FIG. 10A, a data metal layer 109 may be
formed on the lower substrate 101, the gate insulating pattern
112, and on the active and ohmic contact layers 114 and 116.
In one aspect of the present invention, the data metal layer 109
may be formed using a deposition technique such as sputter-
ing, or the like. In another aspect of the present invention, the
data metal layer 109 may, for example, include a metal such
as molybdenum (Mo), copper (Cu), or the like, or combina-
tions thereof.

A second photo-resist film 178 is then formed over the
entire surface of the data metal layer 109 and is photolitho-
graphically patterned using a third mask pattern 161. Accord-
ing to principles of the present invention, the third mask
pattern 161 is provided as a partial-exposure mask. For
example, the third mask pattern 161 may include a mask
substrate 164 formed of a suitably transparent material, a
plurality of shielding parts 166 within shielding areas S2 on
the mask substrate 164, and a partial-exposure part (e.g., a
diffractive part or transflective part) 168 within a partial-
exposure area S3 on the mask substrate 164. It should be
noted that areas of the mask 161 that do not support a shield-
ing or partial-exposure parts are referred to as exposure areas
S1.

Referring to FI1G. 10B, the second photo-resist film 178
may, via the third mask pattern 161, be selectively exposed to
light through the exposure and partial-exposure areas S1 and
S3 and be developed, thereby creating a second photo-resist
pattern 179 having a step difference between the shielding
and partial-exposure areas S2 and S3. Accordingly, the height
of the second photo-resist pattern 179 aligned with the par-
tial-exposure area S3 may be lower than the height of the
second photo-resist pattern 179 aligned with the shielding
areas S2.

Subsequently, the second photo-resist pattern 179 is used
as a mask to pattern the data metal layer 109 in a wet etching
technique and form the aforementioned second conductive
pattern group (i.e., the storage electrode 128, the data line
104, the source electrode 108, and the drain electrode 110),
wherein the source and drain electrodes 108 and 110 are
connected to each other in a region corresponding to partial-
exposure area S3 (i.e., the channel region of a subsequently
formed TFT 130), wherein the source electrode 108 is con-
nected to one side of the data line 104, and wherein the drain
electrode 110 is connected to the pixel electrode 122. In one
aspect of the present invention, the data metal layer 109 may
be patterned to expose portions of the transparent conductive



US 7,760,317 B2

17
material 170 of the gate pad 150 within the first contact hole
180, the data pad 160, and the pixel electrode 122. In another
aspect of the present invention, the data metal layer 109 may
be patterned such that the drain and storage electrodes 110
and 128 directly contact the pixel electrode 122.

Next, the second photo-resist pattern 179 is used as a mask
1o pattern the active and ohmic contact layers 114 and 116 in
a dry etching process. In one aspect of the present invention,
the patterning may, for example, include removing portions
ofthe active and ohmic contact layers 114 and 116 that are not
overlapped by the second conductive pattern group. In
another aspect of the present invention, the patterning may,
for example, include dry etching portions of the active and
ohmic contact layers 114 and 116 positioned between adja-
cent cells to prevent electrical shorting therebetween.

Referring to FIG. 10C, after the active and ohmic contact
layers 114 and 116 are formed and patterned, the portion of
the second photo-resist pattern 179 having the relatively
lower height (i.e., the portion of the second photo-resist pat-
tern 179 arranged within the channel region of the subse-
quently formed TFT 130, formed via the partial-exposure
area S3 of the third mask pattern 161) is removed in an ashing
process using oxygen (O2) plasma. Upon performing the
ashing process, the relatively thicker portions of the second
photo-resist pattern 179 (i.e., portions of the second photo-
resist pattern 179 arranged outside the channel region of the
subsequently formed TFT 130, formed via the shielding areas
S2) are thinned but, nevertheless, remain. Using the thinned
second photo-resist pattern 179 as a mask, portions of the data
metal layer 109 and the ohmic contact layer 116 in the chan-
nel portion of the subsequently formed TFT 130 are removed
in an etching process. As a result, the active layer 114 within
the channel portion is exposed and the source electrode 108 is
disconnected from the drain electrode 110. With reference to
FIG. 10D, the remaining second photo-resist pattern 179 is
then removed in a stripping process.

Referring next to FIG. 10E, the protective film 118 is
formed over the entire surface of the substrate 101 and on the
second conductive pattern group. In one aspect of the present
invention, the protective film 118 may, for example, include
an inorganic insulating material such as silicon nitride
(SiNx), silicon oxide (SiOx), or the like, or combinations
thereof, an organic insulating material such as acrvlic organic
compound having a small dielectric constant, BCB (benzo-
cyclobutene), or PFCB (perfluorocyclobutane), or the like, or
combinations thereof.

FIG. 11 illustrates a plan view of a TFT array substrate
according to a second embodiment of the present invention.
FIG. 12 illustrates a sectional view of the TFT array substrate
taken along line 111-111' shown in FIG. 11.

The TFT array substrate shown in FIGS. 11 and 12, and its
method of fabrication, is, in many respects, similar to the TFT
array substrate shown in FIGS. 4 and 5 but is different with
respect to the gate pad. Thus, for the sake of brevity, a detailed
explanation of elements similar to both the second and first
embodiments will be omitted.

Referring to FIGS. 11 and 12, gate signals may be supplied
1o each gate line 102 via a corresponding gate pad 150.
Accordingly, the gate pad 150 may be connected to a gate
driver (not shown) that supplies gate signals. In one aspect of
the present invention, the gate line 102 may comprise the
transparent conductive material 170 and the overlaying gate
metal material 172. In another aspect of the present invention,
the gate pad 150 may extend from the gate line 102 and
comprise the transparent conductive material 170. In still
another aspect of the present invention, the transparent con-
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ductive material 170 of the gate pad 150 may be completely
exposed by the gate metal material 172 of the gate line 102.

According to principles of the present invention, the trans-
parent conductive material 170 has a strong corrosion resis-
tance. Thus, as described above, portions of the transparent
conductive material 170 comprised within the gate pad 150
and the data pad 160 may be exposed to ensure high reliability
against corrosion. Further, the gate pad 150 and the data pad
160 having the exposed transparent conductive material 170
can be prevented from breaking if a tape carrier package
(TCP) is repetitively attached and detached.

FIGS. 13A to 13C illustrate sectional views generally
describing a method of fabricating the TFT array substrate
according to the second embodiment of the present invention.

Referring to F1G. 13 A, a first conductive pattern group may
be formed on the lower substrate 101 in a first mask process.
In one aspect of the present invention, the first conductive
pattern group may, for example, include the pixel electrode
122, the gate line 102, the gate electrode 106, the gate pad
150, and the data pad 160.

According to principles of the present invention, the first
conductive pattern group may comprise a transparent conduc-
tive material 170 and a gate metal material 172 sequentially
deposited on the lower substrate 101 by a technique such as
sputtering, or the like. In one aspect of the present invention,
the transparent conductive material 170 may include a mate-
rial such as indium-tin-oxide (ITO), tin-oxide (TO), indium-
zinc-oxide (IZO) or indium-tin-zinc-oxide (ITZO), or the
like, or combinations thereof. In another aspect of the present
invention, the gate metal material 172 may include a material
such as an aluminum group metal (e.g., aluminum/neody-
mium (AINd), etc.) molybdenum (Mo), copper (Cu), chrome
(Cr), tantalum (Ta), titanium (T1), or the like, or combinations
thereof. The transparent conductive material 170 and gate
metal material 172 may be patterned using photolithographic
and etching techniques using a first mask pattern to provide
the aforementioned first conductive pattern group. Accord-
ingly, the gate line 102, the gate electrode 106, the gate pad
150, the data pad 160, and the pixel electrode 122 may have a
double-layer structure including the transparent conductive
material 170 and gate metal material 172.

Referring to FIG. 13B, a gate insulating pattern 112 and
semiconductor patterns, comprised of the active and ohmic
contact layers 114 and 116, are formed on the lower substrate
101 and on the first conductive pattern group in a second mask
process. Accordingly, the gate insulating pattern 112 and the
active and ohmic contact layers 114 and 116 may be formed
to expose the gate pad 150, the data pad 160, and the pixel
electrode 122. In one aspect of the present invention, portions
of the gate metal material 172 exposed by the gate insulating
pattern 112 and the active and ohmic contact layers 114 and
116 may be removed to expose the transparent conductive
material 170 included within the data pad 160, the pixel
electrode 122, and the gate pad 150.

For example, a gate insulating film and first and second
semiconductor layers may be sequentially formed on the
lower substrate 101 and on the first conductive pattern group.
In one aspect of the present invention, In one aspect of the
present invention, the gate insulating film, and first and sec-
ond semiconductor layers may be formed according to a
deposition technique such as PEVCD, sputtering, or the like.
In an etching technique using a second mask pattern, the gate
insulating film and the first and second semiconductor layers
are then patterned to form the gate insulating pattern 112 and
the active and ohmic contact layers 114 and 116, respectively.
In one aspect of the present invention, the gate insulating
pattern 112, in addition to the active and ohmic contact layers
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114 and 116, may be patterned to expose the pixel electrode
122, the data pad 160, and the gate pad 150. Thus, upon
forming the gate insulating pattern 112 and the active and
ohmic contact layers 114 and 116, gate metal material 172
within the gate pad 150, the pixel electrode 122, and the data
pad 160 may be exposed.

Subsequently, the portions of the exposed gate metal mate-
rial 172 may be removed in a wet etching process using the
gate insulating pattern 112 and the active and ohmic contact
layers 114 and 116 as a mask. Accordingly, the gate metal
material 172 within the data pad 160, the pixel electrode 122,
and the gate pad 150 may be removed to expose the transpar-
ent conductive material 170 included therein.

Referring to FIG. 13C, a second conductive pattern group
may be formed on the lower substrate 101 and on the gate
insulating pattern 112, in addition to the active and ohmic
contact layers 114 and 116, in a third mask process. In one
aspect of the present invention, the second conductive pattern
group may, for example, include the data line 104, the source
electrode 108, the drain electrode 110, and the storage elec-
trode 128.

For example, a data metal layer may be formed on the lower
substrate 101, the gate insulating pattern 112, and on the
active and ohmic contact layers 114 and 116. Similar to the
first embodiment discussed above, a third mask pattern (i.e.,
apartial-exposure mask pattern) may be used to form a photo-
resist mask having relatively thicker regions, corresponding
to shielding areas of the third mask pattern, and relatively
thinner regions, corresponding to partial-exposure areas of
the third mask pattern. In an wet etching technique using the
aforementioned photo-resist mask, the data metal layer may
be patterned to form the aforementioned second conductive
pattern group (i.e., the storage electrode 128, the data line
104, and the source electrode 108, and the drain electrode
110) wherein the source and drain electrodes 108 and 110 are
connected to each other in a region corresponding to a partial-
exposure area of the third mask pattern and wherein the
source electrode 108 is connected to one side of the data line
104. In one aspect of the present invention, the data metal
layer may be patterned to expose portions of the transparent
conductive material 170 of the gate pad 150, the data pad 160,
and the pixel electrode 122. In another aspect of the present
invention, the data metal layer may be patterned such that the
drain and storage electrodes 110 and 128 directly contact the
pixel electrode 122.

Next, the photo-resist pattern may be used as a mask to
pattern the active and ohmic contact layers 114 and 116 in a
dry etching process. After the active and ohmic contact layers
114 and 116 are patterned, the relatively thinner portion of the
photo-resist pattern may be removed while the relatively
thicker portions of the photo-resist pattern may be thinned in
an ashing process using oxygen (0O2) plasma. Using the
thinned photo-resist pattern as a mask, portions of the data
metal layer and the ohmic contact layer 116 in the channel
portion of the subsequently formed TFT 130 are removed in
an etching process. As aresult, the active layer 114 within the
channel portion is exposed and the source electrode 108 is
disconnected from the drain electrode 110. Subsequently, a
protective film 118 is formed over the entire surface of the
substrate 101 and on the second conductive pattern group.

FIG. 14 illustrates a plan view of a liquid crystal display
device incorporating the TFT array substrate shown in FIG. 4.
FIG. 15 illustrates a sectional view of the liquid crystal dis-
play device along line IV-IV' shown in FIG. 14. FIG. 16
illustrates a plan view of a liquid crystal display device incor-
porating the TFT array substrate shown in FIG. 11. FIG. 17
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illustrates a sectional view of the liquid crystal display device
along line V-V' shown in FIG. 16.

Referring to FIGS. 14 to 17, a liquid crystal display (LCD)
device may be formed by joining any of the aforementioned
TFT array substrates discussed above with respect to the first
and second embodiments with a color filter array substrate. In
one aspect of the present invention, the color filter array
substrate may, for example, include a color filter array 96
formed on an upper substrate 88. In another aspect of the
present invention, the TFT array substrate and the color filter
array substrate may be joined to each other with a sealant 94.

According to principles of the present invention, the TFT
array substrate may, when joined to the color filter array
substrate, extend laterally beyond the color filter array sub-
strate such that the gate and data pads 150 and 160 (collec-
tively referred to as “pads”) may be outside a cell gap defined
by the joined TFT and color filter array substrates.

After joining the TFT and color filter array substrates,
portions of the protective film 118 over the pads may be
removed in a pad opening process to expose transparent con-
ductive material 170 included within the gate and data pads
150 and 160. Referring specifically to FIGS. 14 and 15 the
gate pad 150 is provided such that the transparent conductive
material 170 is partially exposed through the first contact hole
180. Referring specifically to FIGS. 16 and 17, the gate pad
150 is provided such that the transparent conductive material
170 is completely exposed.

Subsequently, an inspection process may be performed
wherein an inspecting pin of, for example, an inspection
device (e.g., an automated inspection device) is caused to
contact the exposed transparent conductive material 170
within the gate and data pads 150 and 160. Via the inspection
device, the inspecting pin determines whether the gate and
data lines 102 and 104 are acceptable or defective (e.g., by
applying an electrical signal from the inspecting pin to the
gate and data pads 150 and 160). To facilitate contact between
the inspecting pin and the transparent conductive material
170 of the various pads, a line width, d1, of the transparent
conductive material 170 exposed by the protective film 118
may be greater than about 26 um. For example, when a line
width d2 of any of the gate and data pads 150 and 160 is about
40 um to about 44 pm, the line width of the exposed trans-
parent conductive material 170 may be about 34 pm to about
38 pum.

After the inspection process is complete, data and gate
TCPs 80 and 84, respectively, having driver integrated cir-
cuits (ICs), may be directly connected to the data and gate
pads 160 and 150, respectively, using an anisotropic conduc-
tive film (ACF) 92. In one aspect of the present invention, the
ACF may include a plurality of conductive balls 90. In
another aspect of the present invention, output pads 76 and 82
of the data and gate TCPs 80 and 84, respectively, may be
electrically connected to the data and gate pads 160 and 150,
respectively, via the conductive balls 90 within the ACF 92.
For example, the gate TCP output pad 82 formed on a base
film 74 of the gate TCP 84 may be electrically connected to
the transparent conductive material 170 within the gate pad
150 via ACF 92. In another aspect of the present invention, the
data TCP output pad 76 formed on the base film 74 of the data
TCP 80 may be electrically connected to the transparent
conductive material 1782 within the data pad 160 via ACF 92.
As mentioned above, the transparent conductive material 170
within the gate and data pads 150 and 160 is highly corrosion
resistant and has a relatively high strength. Accordingly, the
principles of the present invention may be applied to substan-
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tially prevent breakage in the gate and data pads 150 and 160
upon repeated attaching and detaching the gate and data TCPs
80 and 84, respectively.

According to principles of the present invention, the pad
opening process may be performed by sequentially scanning
each individual one of the gate and data pads 150 and 160 to
expose the transparent conductive material 170 contained
therein. Alternatively, the pad opening process may be per-
formed by scanning an entirety of one of either the gate or
data pads 150 or 160 followed by scanning an entirety of the
other of either the gate or data pads 150 or 160 to expose the
transparent conductive material 170 contained therein.

In one aspect of the present invention, the pad opening
process may be performed by generating a plasma with, for
example, an atmosphere plasma generator. In another aspect
of the present invention, the pad opening process may be
performed by providing a plurality of LCD panels into an
etching chamber and generating a plasma with, for example,
anormal-atmosphere plasma generator. In still another aspect
of the present invention, the pad opening process may be
performed by fully immersing an LCD panel into an etching
liquid capable of selectively removing portions of the
exposed protective film 118 to expose the transparent con-
ductive material 170. In yet another aspect of the present
invention, the pad opening process may be performed by
immersing only the pad areas of the LCD panel into an etch-
ing liquid capable of selectively removing portions of the
exposed protective film 118 to expose the transparent con-
ductive material 170. In still another aspect of the present
invention, the pad opening process may be performed by,
prior to joining the TFT and color filter array substrates,
forming an alignment pattern over the protective film 118 and
removing portions of the protective film 118 using the align-
ment pattern as a mask.

FIG. 18 illustrates a plan view of a TFT array substrate
according to a third embodiment of the present invention.
FIG. 19 illustrates a sectional view of the TFT array substrate
taken along line VI-VI' shown in FI1G. 18.

The TFT array substrate shown in FIGS. 18 and 19, and its
method of fabrication, is, in many respects, similar to the TFT
array substrate shown in FIGS. 4 and 5 but is different with
respect to the pixel electrode, the gate pad, an upper gate pad
electrode, the data pad, a lower data pad electrode, an upper
data pad electrode. Thus, for the sake of brevity, a detailed
explanation of elements similar to both the third and first
embodiments will be omitted.

Referring to FIGS. 18 and 19, the pixel electrode 272 may
be provided directly on a lower substrate 288. In one aspect of
the present invention, the pixel electrode 272 may, for
example, directly contact a portion of a drain electrode 262 of
a thin film transistor 280 exposed by a protective film pattern
298. During operation, an electric field may be generated
between the pixel electrode 272 and a common electrode
formed on a color filter array substrate (not shown) when a
pixel signal is applied from a TFT 280 to the pixel electrode
272 and when a reference voltage is applied to the common
electrode. The liquid crystal molecules have a particular
dielectric anisotropy. Therefore, in the presence ofthe electric
field, liquid crystal molecules rotate to align themselves
between the TFT and color filter array substrates. The mag-
nitude of the applied electric field determines the extent of
rotation of the liquid crystal molecules. Accordingly, various
gray scale levels of light emitted by a light source (not shown)
may be transmitted by a pixel area by varying the magnitude
of the applied electric field.

The storage capacitor 278 may, for example, include a
pre-stage gate line 252 and a storage electrode 266 overlap-
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ping the pre-stage gate line 252, wherein the two conductors
are separated by a gate insulating pattern 290, an active layer
292, and an ohmic contact layer 294. The storage electrode
266 may directly contact the pixel electrode 272. In one
aspect of the present invention, the pixel electrode 272 may,
for example, directly contact a portion of a storage electrode
266 exposed by the protective film pattern 298. Constructed
as described above, the storage capacitor 278 may allow pixel
signals charged at the pixel electrode 272 to be uniformly
maintained until a next pixel signal is charge at the pixel
electrode 272.

Gate signals may be supplied to each gate line 252 via a
corresponding gate pad 282. Accordingly, each gate pad 282
may be connected to a gate driver (not shown) that supplies
the gate signals. In one aspect of the present invention, each
gate pad 282 may comprise a lower gate pad electrode 256
extending from the gate line 252, a gate contact hole 230
formed through the gate insulating pattern 290 and the pro-
tective film pattern 298, and an upper gate pad electrode 274
connected to the lower gate pad electrode 256 via the gate
contact hole 230.

Data signals may be supplied to each data line 258 via a
corresponding data pad 284. Accordingly, each data pad 284
may be connected to a data driver (not shown) that supplies
the data signals. In one aspect of the present invention, each
data pad 284 may comprise a lower data pad electrode 264, a
data contact hole 238 formed through the gate insulating
pattern 290, the semiconductor pattern 247, the lower data
pad electrode 264 and the protective film pattern 298 to
expose the lower substrate 288, and an upper data pad elec-
trode 276 connected to a side surface of the lower data pad
electrode 264 via the data contact hole 238. In one aspect of
the present invention, the lower data pad electrode 264 may
extend from the data line 258 and be provided in the same
pattern as a semiconductor pattern 247 formed on the gate
insulating pattern 290.

As shown in FIGS. 18 and 19, the gate insulating and
protective film patterns 290 and 298 may be provided at an
area where the pixel electrode 272, the upper gate pad elec-
trode 274, and the upper data pad electrode 276 are not
present.

According to principles of the present invention, the TFT
array substrate described above with respect to FIGS. 18 and
19 may be formed in a three-mask process. Thus, and with
reference to FIGS. 20A to 22D, the three-mask process of the
third embodiment may include a first mask process for pro-
viding a first conductive pattern group, asecond mask process
for providing a semiconductor pattern and a second conduc-
tive pattern group, and a third mask process for providing the
gate insulating pattern, the protective film pattern, and a third
conductive pattern group.

FIGS. 20A and 20B illustrate plan and sectional views,
respectively, describing a first mask process in the method of
fabricating the TFT array substrate according to the third
embodiment of the present invention.

Referring to FIGS. 20A and 20B, a first conductive pattern
group may be formed on the lower substrate 288 in a first
mask process. In one aspect of the present invention, the first
conductive pattern group may, for example, include the gate
line 252, the gate electrode 254, and the lower gate pad
electrode 256.

According to principles of the present invention, the first
conductive pattern group may comprise a gate metal material
deposited on the lower substrate 288 by a technique such as
the sputtering, or the like. In one aspect of the present inven-
tion, the gate metal material may include a single or double
layered structure formed from a material such as Cr, MoW,
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Cr/Al, Cu, AI(Nd), Mo/Al, Mo/AI(Nd) or Cr/AI(NQ), or the
like, or combinations thereof. The gate metal material may be
patterned using the photolithographic and etching techniques
using a first mask pattern to provide the first conductive
pattern group aforementioned first conductive pattern group.

FIGS. 21A to 21C illustrate plan and sectional views
describing a second mask process in the method of fabricating
the TFT array substrate according to the third embodiment of
the present invention.

Referring to FIG. 214, a gate insulating film 290a, semi-
conductor patterns, comprised of an active layer 292 and an
ohmic contact layer 294, and a second conductive pattern
group are formed on the lower substrate 288 in a second mask
process. In one aspect of the present invention, the second
conductive pattern group may, for example, include the data
line 258, the source electrode 260, the drain electrode 262, the
storage electrode 266, and the lower data pad electrode 264.
Ags a result of the second mask process, the drain electrode
262 may be connected to the source electrode 260. The sec-
ond mask process of the third embodiment described above
with respect to FIG. 21A will now be described in greater
detail with respect to FIGS. 21B and 21C.

Referring to FIG. 21B, the gate insulating film 290a, a first
semiconductor layer 292a, a second semiconductor layer
294q, and a data metal layer 258a are sequentially formed on
the lower substrate 288 and on the first conductive pattern
group. In one aspect of the present invention, the gate insu-
lating film 290a, and first and second semiconductor layers
292¢ and 294a are formed according to a deposition tech-
nique such as PEVCD, sputtering, or the like. In another
aspect of the present invention, the gate insulating film 290q
may. for example, include an inorganic insulating material
such as silicon nitride (SiNx) or silicon oxide (Si0x). In
another aspect of the present invention, the first semiconduc-
tor layer 292a may, for example, include undoped amorphous
silicon. In still another aspect of the present invention, the
second semiconductor layer 294a may, for example, include
n* doped amorphous silicon. In yet another aspect of the
present invention, the data metal layer 2584 may, for
example, include a metal such as molybdenum (Mo), tita-
nium (Ti), tantalum (Ta), or the like, or alloys or other com-
binations thereof.

A first photo-resist pattern 2715 is then formed over the
data metal layer 258a by photolithographic and etching pro-
cesses using a second mask pattern. According to principles
of the present invention, the second mask pattern is provided
as a partial-exposure mask similar to the partial exposure
mask discussed above with respect to the first embodiment.
Accordingly, the second mask pattern may include a partial-
exposure area aligned with a channel region of a subsequently
formed TFT, a plurality of shielding areas, and a plurality of
exposure areas. Accordingly, a step difference exists between
portions of first photo-resist pattern 2715 aligned between the
partial-exposure and shielding areas of the second mask pat-
tern.

Referring to FIG. 21C, the data metal layer 258« is pat-
terned in a wet etching process using the first photo-resist
pattern 2715 as a mask to form the aforementioned second
conductive pattern group (i.e., the data line 258, the source
electrode 260, the drain electrode 262, the storage electrode
266, and the lower data pad electrode 264), wherein the
source and drain electrodes 260 and 262 are connected to each
other in a region corresponding to the partial-exposure area of
the second mask pattern.

Next, the first photo-resist pattern 2715 is used as a mask to
pattern the second and first semiconductor layers 294a and
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292ain a dry etching process and form the ohmic contact and
active layers 294 and 292, respectively.

After the active and ohmic contact layers 292 and 294 are
formed, the portion of the first photo-resist pattern 2715 hav-
ing the relatively lower height (i.e., the portion of the first
photo-resist pattern 2715 aligned within the partial-exposure
area of the second mask pattern) is removed in an ashing
process using oxygen (O2) plasma. Upon performing the
ashing process, the relatively thicker portions of the first
photo-resist pattern 2715 (i.e., portions of the first photo-
resist pattern 271b aligned within the shielding areas of the
second mask pattern) are thinned but, nevertheless, remain.
Using the thinned first photo-resist pattern 2715 as a mask,
portions of the data metal layer 2584 and the ohmic contact
layer 294 aligned with the partial-exposure area of the second
mask pattern may be etched in a dry etching process. As a
result, the active layer 292 within the channel portion of the
TFT 280 may be exposed an the source electrode 260 may be
disconnected from the drain electrode 262. Subsequently, the
remaining first photo-resist pattern 2715 may be removed in
a stripping process.

FIGS. 22A to 22D illustrate plan and sectional views
describing a third mask process in the method of fabricating
the TFT array substrate according to the third embodiment of
the present invention.

Referring to FIG. 22A, the gate insulating pattern 290, the
protective film pattern 298, and the third conductive pattern
group are formed on the lower substrate 288 in a third mask
process. In one aspect of the present invention, the third
conductive pattern group may, for example, include the upper
gate pad electrode 274, the pixel electrode 272, and the upper
data pad electrode 276. The third mask process of the third
embodiment described above with respect to FIG. 22A will
now be described in greater detail with respect to FIGS. 22B
to 22D.

Referring to FIG. 22B, a protective film 298a may be
formed over the entire surface of the lower substrate 288 and
directly on the gate insulating film 290« and the second con-
ductive pattern group. In one aspect of the present invention,
the protective film 298¢ may be formed according to a depo-
sition technique such as the sputtering, or the like. In another
aspect of the present invention, the protective film 298a may,
for example, include an inorganic insulating material such as
silicon nitride (SiNx), silicon oxide (Si0x), or the like, or
combinations thereof, an organic insulating material such as
acrylic organic compound having a small dielectric constant,
BCB (benzocyclobutene), or PFCB (perfluorocyclobutane),
or the like, or combinations thereof. A second photo-resist
pattern 271¢ is then formed over the protective film 298a by
photolithographic and etching processes using a third mask.

Referring to FIG. 22C, portions of the protective film 2984
exposed by the second photo-resist pattern 271¢ may be dry
etched using a predetermined etching gas composition. As a
result, the protective film pattern 298 may be formed.

When applied, the predetermined etching gas composition
typically etches the gate insulating film 290« faster than it
etches the protective film 298a. Thus, if use of the predeter-
mined etching gas composition continued after formation of
the protective film pattern 298, the gate insulating film 290a
would undesirably become over-etched and, as shown in FIG.
23, would undercut portions of the drain electrode 262, the
storage electrode 266, and the semiconductor pattern 247.
Due to the undercutting, a subsequently formed pixel elec-
trode 272 is undesirably discontinuous across the storage
electrode 266, the lower substrate 288, and the drain electrode
262 (see area A of FIG. 23). To overcome this problem, the
etching gas composition may be changed after the protective
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film pattern 298 is formed to etch portions of the second
conductive pattern group, the semiconductor pattern 247, and
the gate insulating film 290a exposed by the second photo-
resist pattern 271c at a more desirable rate. In one aspect of
the present invention, the second conductive pattern group,
the semiconductor pattern 247, and the gate insulating film
290¢ may be etched using a gas composition including, for
example, SFand O,. As a result of using the gas composition
including SF and O,, deleterious effects of over-etching the
gate insulating film 2904 may be substantially eliminated and
the gate and data contact holes 230 and 238 may be formed. In
one aspect of the present invention, the gate contact hole 230
may be formed through the protective film 2984 and the gate
insulating film 290a to expose the lower gate pad electrode
256. In another aspect of the present invention, the data con-
tact hole 238 may be formed through the protective film 298a,
the lower data pad electrode 264, the semiconductor pattern
247, and the gate insulating film 2904 to expose the lower
substrate 288.

After forming the protective film and gate insulating pat-
terns 298 and 290, respectively, and the gate and data contact
holes 230 and 238, respectively, a subsequently formed pixel
electrode 272 may be continuously provided over the storage
electrode 266, the lower substrate 288, and the drain electrode
262. For example, a transparent conductive material 274a
may be formed over the entire surface of the lower substrate
288 and on the second photo-resist pattern 271¢. In one aspect
of the present invention, the transparent conductive material
2744 may be formed according to a deposition technique such
as sputtering, or the like. In another aspect of the present
invention, the transparent conductive material 274a may
include ITO, TO, 1Z0, or the like, or combinations thereof.

Referring to FIG. 22D, the second photo-resist pattern
271¢ may be removed in a stripping or lift-off process. Upon
removing portions of the photo-resist pattern 271¢, portions
of the transparent conductive material 274a on the second
photo-resist pattern 271 ¢ are removed with respect to portions
ofthe transparent conductive material 274a not on the second
photo-resist pattern 271¢. Thus, upon removing the photo-
resist pattern 271c, a third conductive pattern group is
formed. In one aspect of the present invention, the third con-
ductive pattern group may, for example, include the upper
gate pad electrode 274, the pixel electrode 272, and the upper
data pad electrode 276.

According to principles of the present invention, the upper
gate pad electrode 274 may be electrically connected to the
surface of the lower gate pad electrode 256, the pixel elec-
trode 272 may be electrically connected to the drain electrode
262 and the storage electrode 266, and the upper data pad
electrode 276 may be electrically connected to a side surface
of the lower data pad electrode 264 and directly contacts the
upper surface of the lower substrate 288.

FIG. 24 illustrates a plan view of a TFT array substrate
according to a fourth embodiment of the present invention.
FIG. 25 illustrates a sectional view of the TFT array substrate
taken along line VII-VII' shown in FIG. 24.

The TFT array substrate shown in FIGS. 24 and 25, and its
method of fabrication, is, in many respects, similar to the TEFT
array substrate shown in FIGS. 18 and 19 but is different with
respect to adummy pattern positioned between the upper data
pad electrode and the lower substrate. Thus, for the sake of
brevity, a detailed explanation of elements similar to both the
fourth and third embodiments will be omitted.

Referring to FIGS. 24 and 25, gate signals may be supplied
to each gate line 352 via a corresponding gate pad 382.
Accordingly, the gate pad 382 may be connected to a gate
driver (not shown) that supplies gate signals. In one aspect of
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the present invention, the gate pad 382 may, for example,
include a lower gate pad electrode 356 extending from the
gate line 352 and an upper gate pad electrode 374 connected
to the lower gate pad electrode 356. In one aspect of the
present invention, a line width d2 of the lower gate pad elec-
trode 356 may be about 40 um to about 44 pm and a line width
d1 of the upper gate pad electrode 374 may be greater than
about 26 um. In another aspect of the present invention, the
line width d1 of the upper gate pad electrode 374 may be
about 34 pm to about 38 pum.

Data signals may be supplied to each data line 358 via a
corresponding data pad 384. Accordingly, the data pad 384
may be connected to a data driver that supplies data signals. In
one aspect of the present invention, each data pad 384 may,
forexample, include a lower data pad electrode 364 extending
from the data line 358 and an upper data pad electrode 376
connected to the lower data pad electrode 364. In one aspect
of the present invention, the data pad 384 may, for example,
include a gate insulating pattern 390, an active layer 392, and
an ohmic contact layer 394 provided between the lower data
pad electrode 364 and the lower substrate 388. In another
aspect of the present invention, a line width d2 of the data pad
384 may be about 40 um to about 44 um and a line width d1
of the upper data pad electrode 376 may be greater than more
than about 26 um. In still another aspect of the present inven-
tion, the line width d1 of the upper data pad electrode 376 may
be about 34 pum to about 38 pm.

In response to a gate signal applied from a gate line 352, a
TFT 380 charges and maintains a pixel signal, applied to a
corresponding data line 358, in the pixel electrode 372.
Accordingly, each TFT 380 includes a gate electrode 354
connected to a corresponding gate line 352, a source electrode
360 connected to a corresponding data line 358, and a drain
electrode 362 connected to a corresponding pixel electrode
372.

According to principles of the present invention, the upper
gate and data pad electrodes 374 and 376, respectively, have
line widths greater than line widths of conventional upper
gate and data pad electrodes. The relatively large line width of
the upper gate and data pad electrodes allows inspecting pins,
having typical line widths of about 26 pm, to easily contact
the upper gate and data pad electrodes 374 and 376, thereby
making it easier to test the gate and data lines 352 and 358 for
defects (e.g., by applying an electrical signal to the upper gate
and data pad electrodes 374 and 376).

Further, the upper data pad electrode 376 may directly
contact a side surface of the lower data pad electrode 364, to
substantially prevent the aforementioned undercutting phe-
nomenon from occurring and ensuring that a continuous pixel
electrode 372 is formed between the storage and drain elec-
trodes 366 and 362. As shown in FIG. 24, the upper data pad
electrode 376 and the lower data pad electrode 364 form a
contact interface F. In one aspect of the present invention, the
contact interface F may be slightly indented enlarge a contact
area of the lower data pad electrode 364.

As shown in FIG. 25, at least one of dummy pattern 385
may be provided between the lower and upper gate pad elec-
trodes 356 and 374 as well as between the lower substrate 388
and the upper data pad electrode 376. In one aspect of the
present invention, the dummy pattern 385 may include a
portion of the gate insulating film 390. In another aspect of the
present invention, the dummy pattern 385 may be formed by
controlling an etching rate of the semiconductor pattern 347
and the gate insulating pattern 390 upon patterning of the
protective film 398. In still another aspect of the present
invention, the dummy pattern 385 may be located in a corner
region of the data pad 384 and have relatively weak adhesive



US 7,760,317 B2

27

characteristics to maximize an adhesion between the upper
data pad electrode 376 and the lower substrate 388. Accord-
ing to principles of the present invention, the dummy pattern
385 may minimize the generation of static electricity during
subsequent processing steps (e.g.. processing steps used to
form the upper data pad electrode 376, and the like).

According to principles of the present invention, the TFT
array substrate described above with respect to FIGS. 24 and
25 may be formed in a three-mask process similar to mask
processes previously described with respect to FIGS. 20A to
22D. Thus, for the sake of brevity, only a detailed explanation
of the third mask process unique to the fourth embodiment
will be provided below.

According to principles of the present invention, the gate
insulating pattern 390, the protective film pattern 398, and the
third conductive pattern group may be formed on the lower
substrate 388 in a third mask process. In one aspect of the
present invention, a protective film pattern may be formed
from an inorganic or organic insulating material deposited
overan entirety of a gate insulating film that is, in turn, formed
over a previously formed second conductive pattern group.
According to principles of the present invention, the protec-
tive film pattern and the gate insulating pattern may be formed
by patterning protective and gate insulating films, respec-
tively, using a photo-resist pattern. In one aspect of the present
invention, the photo-resist pattern may be formed using a
third mask pattern. Thus, a gate insulating pattern and a
protective film pattern may be provided at areas other than
those where a third conductive pattern group is formed. Fur-
ther, a dummy pattern, formed from small amounts of insu-
lating material not removed upon patterning the gate insulat-
ing film, may be provided within gate and data pads.

A method of forming the aforementioned photo-resist and
dummy patterns will now be described in greater detail with
reference to FIGS. 26A to 26D.

Referring to FIG. 26A, a photo-resist pattern 371c is
formed on a protective film 3984. In one aspect of the present
invention, the protective film 398« is formed over the entire
surface of the lower substrate 388. According to principles of
the present invention, the line width d1 of an area of the
protective film 3984 exposed by the photo-resist pattern 371¢
may be greater than about 26 pm (e.g., about 34 um to about
38 um) and a line width d2 of the gate and data pads 382 and
384 may each be about 40 um to about 44 um.

Next, the protective film 398a is patterned in a dry etching
process using the photo-resist pattern 371c as a mask. In one
aspect of the present invention, the protective film 398a may
be patterned using an etching gas including SF, to O,. In
another aspect of the present invention, the etching gas may
include more O, than that SF (e.g., SF:0, is about 1:3).

As a result of the etching, and with reference to FIG. 26B,
a slight amount of the photo-resist pattern 371¢ may be
removed, a portion D of the gate insulating film 3904 may
also be removed where the gate insulating film 390a and the
protective film 3984 are formed of identical or similar mate-
rials.

Next, and with reference to FIG. 23, the lower data pad
electrode 364 may be patterned in an etching process using
the photo-resist pattern 371¢ to substantially remove effects
of over-etching the gate insulating film 390« (i.e., undercut-
ting the drain and storage electrodes 362 and 366 and the
semiconductor pattern 347) and ensure that the pixel elec-
trode 372 is continuously provided across the storage elec-
trode 366 and the drain electrode 362. In one aspect of the
present invention, an etching gas containing more SFthan O,
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(e.g., SF:Q, 1s about 3~10:1) may be used to substantially
remove effects of over-etching of the gate insulating film
390a.

Next, the semiconductor pattern 347 may be etched in a dry
etching process using the photo-resist pattern 371¢ as a mask.
In one aspect of the present invention, the semiconductor
pattern 347 may be etched using an etching gas containing,
for example, Cl, and/or HCL. By controlling the etch rate of
the semiconductor pattern 347, a portion 374a of semicon-
ductor pattern 347 that overlaps a corner portion C of the
photo-resist pattern 371¢ may remain on the gate insulating
film 3904 as shown in FIG. 26C.

Referring to FIG. 26D, the gate insulating film 390a is then
etched in a dry etching process using the photo-resist pattern
371c¢ as a mask to form the gate insulating pattern 390. In one
aspect of the present invention, an etching gas containing
more O, than SF¢ may be used to form the gate insulating
pattern 390. Due to the presence of the portions 374a of the
semiconductor pattern 347, a small amount of gate insulating
film is caused to remain, thereby forming the dummy pattern
385.

Subsequently, the transparent conductive material is
deposited over the entirety of the substrate and over the
remaining photo-resist pattern 371¢ and the photo-resist pat-
tern 371c is removed to form the aforementioned third con-
ductive pattern group (i.e., the pixel electrode 372, the upper
gate pad electrode 374, and the upper data pad electrode 376).

According to principles of the present invention, a diameter
(or line width) of the gate and data contact holes 330 and 338,
respectively, within the gate and data pads 382 and 384 may
be larger than a diameter (or line width) of an inspecting pin
(not shown) in, for example, an inspection device. In one
aspect of the present invention, the inspecting pin may contact
the upper gate pad electrode 374 and the upper data pad
electrode 376 within the contact holes 330 and 338. Upon
contacting the inspecting pin to the upper gate and data pad
electrodes 374 and 376, the presence of defects within the
gate and data lines 352 and 358 may be determined (e.g., by
applying an electrical signal to the gate and data pad elec-
trodes 374 and 376). In one aspect of the present invention, a
diameter (or width) ofthe inspecting pin may be about 26 pm
to about 30 pm while diameters (or line widths) of the upper
data and gate pad electrodes 376 and 374, provided within
respective ones of the data and gate contact holes 338 and
330, may be greater than about 26 um (e.g., about 34 pm to
about 38 pum).

As described above, the fourth embodiment of the present
invention may provide a TFT array substrate and a method
fabricating the same, having a dummy pattern 385 may be
arranged between the upper data pad electrode 376 and the
lower substrate 388 to minimize the generation of static elec-
tricity during subsequent fabrication processes including, for
example, forming the upper data pad electrode 376 while
promoting adhesion between the upper data pad electrode
376 and the lower substrate 388.

Further, because the line widths of the upper gate and data
pad electrodes 374 and 376 are larger than a line width of an
inspecting pin in an inspection device, the inspecting pin may
easily contact the upper gate and data pad electrodes 374 and
376, thereby facilitating the determination of defects within
the gate and data lines 352 and the data line 358 (e.g., by
applying an electrical signal from the inspecting pin to the
upper gate and data pad electrodes 374 and 376).

FIG. 27 illustrates a plan view of a data pad in a TFT array
substrate according to a fifth embodiment of the present
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invention. FIG. 28 illustrates a sectional view of the data pad
in the TFT array substrate taken along line VIII-VIIT' shown
in FIG. 27.

Referring to FIGS. 27 and 28, a plurality of data contact
holes may be spaced apart from each other by a predeter-
mined distance. In one aspect of the present invention, a width
of each data contact hole 425 may be larger than a corre-
sponding width of an inspecting pin 430. According to prin-
ciples of the present invention, the width of inspecting pin 430
is determined in consideration of its physical width in addi-
tion to its lateral position tolerance. For example, the inspect-
ing pin 430 may have a physical width of about 10 um and
have a lateral position tolerance about 10 pm. Accordingly,
the width of the inspecting pin 430 may be about 28+2 pm.
Therefore, the width of the contact hole may be larger than
about 30 um to allow the inspecting pin 430 to contact the
upper data pad electrode 4134, provided within the data con-
tact hole 425, during an inspection process regardless of
whether the position of the inspecting pin 430 is laterally
shifted to the right or left.

According to principles of the present invention, the data
contact hole 425 may be formed within the lower data pad
electrode 422. In one aspect of the present invention, the
width of a first portion of the data contact hole 425 may be
greater than a width of a second portion of the data contact
hole 425. The first portion of the data contact hole 425 may be
offset from the lower data pad electrode 422 such that a side
region of the lower data pad electrode 422 may be removed
from within the data contact hole 425. As shown in FIG. 28,
only one side surface of the lower data pad electrode 422 is
exposed within the data contact hole 425. Accordingly, the
side surface of the lower data pad electrode 422 directly
contacts the upper data pad electrode 413a within the data
contact hole 425.

According to principles of the present invention, the TFT
array substrate described above with respect to FIGS. 27 and
28 may be formed in a three-mask process similar to mask
processes previously described with respect to FIGS. 20A to
22D. Thus, for the sake of brevity, only a detailed explanation
of processes unique to the fifth embodiment will be provided
below with respect to FIGS. 29A to 29D.

FIGS. 29A to 29D illustrate sectional views describing a
method of fabricating the data pad shown in FIGS. 27 and 28.

Referring to FIG. 29A, a gate insulating film 415, an
undoped amorphous silicon layer, an n™ amorphous silicon
layer, and a data metal layer may be deposited onto the entire
surface of the substrate 400 in any manner as described in the
embodiments above.

Next, and in any manner as described in the embodiments
above, the data metal layer, the undoped amorphous silicon
layer, and the n* amorphous silicon layer may be patterned to
simultaneously form a data line, the lower data pad electrode
422, the ohmic contact layer 4145, and the active layer 4144,
wherein the ohmic contact layer 414 and active layer 414a
may be provided in the same pattern as the lower data pad
electrode 422 and below the lower data pad electrode 422.

Next, in any manner as described in the embodiments
above, a protective film 416 may be deposited over the entire
surface of the lower substrate 400 and on the lower data pad
electrode 422. Subsequently, and in any manner as described
in the embodiments above, a photo-resist film may be coated
over the protective film, exposed, and developed to provide a
photo-resist pattern 417. In one aspect of the present inven-
tion, the photo-resist pattern 417 may expose a side portion of
the lower data pad electrode 422 as will be discussed in
greater detail below with respect to FIG. 29B.
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Referring to FIG. 29B, portions of the protective film 416,
the lower data pad electrode 422, the ohmic contact layer
414b, the active layer 414a, and the gate insulating film 415
exposed by the photo-resist pattern 417 may be removed to
form the data contact hole 425 in any manner as described in
the embodiments above. Because the width of the data con-
tact hole 425 corresponds with a pattern width of the photo-
resist pattern 417, a side portion of the lower data pad elec-
trode 422 may be exposed within the data contact hole 425,
and may therefore be removed from within the data contact
hole 425.

Referring to FIG. 29C, a transparent conductive material
413 may be deposited over the entire surface of the substrate
400, on the photo-resist pattern 417, and within the data
contact hole 425 in any manner as described in the embodi-
ments above. Accordingly, the transparent conductive mate-
rial 413 may directly contact a side surface of the protective
film 416 and lower data pad electrode 422.

Referring to FIG. 29D, the photo-resist pattern 417 may be
removed according to a stripping or lift-off process in any
manner as described in the embodiments above. Upon remov-
ing the photo-resist pattern 417, portions of the transparent
conductive material 413 on the photo-resist pattern 417 are
removed with respect to portions of the transparent conduc-
tive material 413 not on the photo-resist pattern 417. Thus,
upon removing the photo-resist pattern 417, portions of the
transparent conductive material 413 within the data contact
hole 425 remain to form the upper data pad electrode 413a.

As described above, the principles of the fifth embodiment
of the present invention provide a data contact hole 425 offset
from the lower data pad electrode 422 and an upper data pad
electrode 4134 formed within the offset data contact hole 425.
Because the data contact hole 425 is offset, it may be wider
than a width of an inspecting pin 430 in an inspection device,
maximizing the contact area between the inspecting pin 430
and the upper data pad electrode 413a.

FIG. 30 illustrates a plan view of a data pad in a TFT array
substrate according to a sixth embodiment of the present
invention. FIG. 31 illustrates a sectional view of the data pad
in the TFT array substrate taken along line IX-IX' shown in
FIG. 30.

Referring to FIGS. 30 and 31, a plurality of data contact
hole pairs comprised of first and second data contact holes
535a and 5355, respectively, may be spaced apart from each
other by a predetermined distance. In one aspect of the
present invention, each of the first and second data contact
holes 5354 and 5355 may be offset from opposing portions of
the lower data pad electrode 522 such that opposing side
regions of the lower data pad electrode 522 may be removed
from within the first and second data contact holes 5354 and
535b. As shown in FIG. 31, two side surfaces of the lower data
pad electrode 522 are exposed within each pair of data contact
holes. Accordingly, the side surfaces of the lower data pad
electrode 522 directly contact the upper data pad electrode
513a within the pair of data contact holes.

Referring to FIG. 31, the first and second data contact holes
535a and 5356 may be formed within a protective film 516,
the lower data pad electrode 522, an ohmic contact layer
514b, an active layer 514a, and a gate insulating film 515.

According to principles of the present invention, the upper
data pad electrode 513a, within the first and second data
contact holes 535a and 5355, may have a combined width
larger than that of the lower data pad electrode 522. In one
aspect of the present invention, the combined width of the
lower data pad electrode 522 may be about 36 pm. Accord-
ingly, an inspecting pin 530 of an inspection device may
easily contact the data pad over a large area.



US 7,760,317 B2

31

According to principles of the present invention, the TFT
array substrate described above with respect to FIGS. 30 and
31 may be formed in a three-mask process similar to mask
processes previously described with respect to FIGS. 20A to
22D. Thus, for the sake of brevity, only a detailed explanation
of the processes unique to the sixth embodiment will be
provided below with respect to FIGS. 32A to 32D.

FIGS. 32A to 32D illustrate sectional views describing a
method of fabricating the data pad shown in FIGS. 30 and 31.

Referring to FIG. 32A, a gate insulating film 515, an
undoped amorphous silicon layer, an n* amorphous silicon
layer, and a data metal layer may be deposited onto the entire
surface of the substrate 500 in any manner as described in the
embodiments above.

Next, and in any manner as described in the embodiments
above, the data metal layer, the undoped amorphous silicon
layer, and the n* amorphous silicon layer may be patterned to
simultaneously form a data line, the lower data pad electrode
522, the ohmic contact layer 5144, and the active layer 514a
wherein the ohmic contact layer 5145 and active layer 514a
may be provided in the same pattern as the lower data pad
electrode 522 and below the lower data pad electrode 522.

Next, in any manner as described in the embodiments
above, a protective film 516 may be deposited over the entire
surface of the lower substrate 500 and on the lower data pad
electrode 522. Subsequently, and in any manner as described
in the embodiments above, a photo-resist film may be coated
over the protective film, exposed, and developed to provide a
photo-resist pattern 527. In one aspect of the present inven-
tion, the photo-resist pattern 527 may expose side portions of
the lower data pad electrode 522 as will be discussed in
greater detail below with respect to FIG. 32B.

Referring to FIG. 32B, portions of the protective film 516,
the lower data pad electrode 522, the ohmic contact layer
514b, the active layer 514a, and the gate insulating film 515
exposed by the photo-resist pattern 527 may be removed to
form the first and second data contact holes 5354 and 5354 in
any manner as described in the embodiments above. Because
the combined width of the first and second data contact holes
535¢ and 5355 corresponds with a pattern width of the photo-
resist pattern 527, side portions of the lower data pad elec-
trode 522 may be exposed within the first and second data
contact holes 535q and 5355, and may therefore be removed
from within the first and second data contact holes 5354 and
5355.

Referring to FIG. 32C, a transparent conductive material
513 may be deposited over the entire surface of the substrate
500, on the photo-resist pattern 527, and within the first and
second data contact holes 535a and 5354 in any manner as
described in the embodiments above. Accordingly, the trans-
parent conductive material 513 may directly contact side
surfaces of the protective film 516 and lower data pad elec-
trode 522.

Referring to FIG. 32D, the photo-resist pattern 527 may be
removed according to a stripping or lift-off process in any
manner as described in the embodiments above. Upon remov-
ing the photo-resist pattern 527, portions of the transparent
conductive material 513 on the photo-resist pattern 527 are
removed with respect to portions of the transparent conduc-
tive material 513 not on the photo-resist pattern 527. Thus,
upon removing the photo-resist pattern 527, the portions of
the transparent conductive material 513 within the first and
second data contact holes 5354 and 53556 remain to form the
upper data pad electrode 513a.

As described above, the principles of the sixth embodiment
of the present invention provide first and second data contact
holes 535a and 5356 offset from opposing sides of the lower
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data pad electrode 522 and an upper data pad electrode 513a
formed within the offset first and second data contact holes
5354 and 535b. Because the first and second data contact
holes 535a and 5355 are offset, their combined thickness may
be wider than a width of an inspecting pin 530 in an inspection
device, maximizing the contact area between the inspecting
pin 530 and the upper data pad electrode 513a.

According to principles of the fifth and sixth embodiments
of the present invention, a line width of upper data pad elec-
trodes may correspond to a width of the data contact holes
formed during a three-mask process. According to the fifth
and sixth embodiments, contact holes may be offset from
lower data pad electrodes and may have line widths greater
than a line width of the lower data pad electrode such that at
least one side portion of the lower data pad electrodes are
removed from within the contact holes. Accordingly, the prin-
ciples of the present invention provide a large contact area
between an upper data pad electrode and an inspecting pin of
an inspection device.

While, the fifth and sixth embodiments have been
described above only with respect to the data pad, it will be
appreciated that the principles of the present invention may be
readily extended and modified to facilitate contact between an
upper gate pad electrode of a gate pad and an inspecting pinin
an inspection device.

As described above, the principles of the present invention
enable a TFT array substrate may be fabricated in a three-
mask process according to lift-off and pad opening tech-
niques. Accordingly, the TFT array substrate may be fabri-
cated by the three-mask process, thereby reducing the number
of fabrication processes and the cost while improving a pro-
duction yield.

Further, the principles of the present invention enable line
widths of the transparent conductive material included within
the gate and data pads are larger than a line width of the
inspecting pin in an inspection device. The present invention
facilitates contact with an inspecting pin during an automated
inspection process that determines whether gate and data
lines are acceptable or defective.

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

What is claimed is:

1. A thin film transistor array substrate, comprising;

a gate line provided on a substrate;

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

a thin film transistor at the crossing of the gate and data

lines;

a pixel electrode at the pixel area, which is contacted
directly on the substrate and connected to a drain elec-
trode of the thin film transistor;

a gate pad connected to the gate line; and

a data pad connected to the data line,

wherein the gate pad and the data pad contacts the substrate
and includes an exposed transparent conductive mate-
rial,

wherein a portion of the drain electrode is on a portion of
the pixel electrode, and the pixel electrode includes the
transparent conductive material at the same layer,

wherein the gate pad includes the transparent conductive
material, the thin film transistor array substrate further
including a gate metal material on the transparent con-
ductive material of the gate pad, wherein at least a por-



US 7,760,317 B2

33

tion of the transparent conductive material of the gate
pad is exposed by a contact hole, and

wherein the transparent conductive materials of the gate

pad and data pad are contacted on the substrate,
wherein a gate insulating patterns are formed only on the
gate pad, the gate line and a gate electrode respectively.

2. The thin film transistor array substrate as claimed in
claim 1, wherein a line width of the exposed transparent
conductive material of at least one of the gate pad and the data
pad is larger than a width of an inspecting pin.

3. The thin film transistor array substrate as claimed in
claim 2, wherein the line width of the exposed transparent
conductive material of at least one of the gate pad and the data
pad is greater than about 26 um.

4. The thin film transistor array substrate as claimed in
claim 3, wherein the line width of the exposed transparent
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conductive material of at least one of the gate pad and the data
pad is about 34 um to about 38 um.

5. The thin film transistor array substrate as claimed in
claim 1, wherein the gate line and the gate electrode include
the transparent conductive material, the thin film transistor
array substrate further including a gate metal material that
overlaps a portion of the transparent conductive material of
the gate line and the gate electrode.

6. The thin film transistor array substrate as claimed in
claim 5, wherein:

the transparent conductive material includes at least one of

TO, ITO, 1Z0 and ITZO; and

the gate metal material includes at least one of an alumi-

num group metal, Mo, Cu, Cr, Ta and Ti.
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