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THIN FILM TRANSISTOR ARRAY PANEL
FOR A LIQUID CRYSTAL DISPLAY AND A
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of, and claims priority
from, U.S. application Ser. No. 10/885,004, filed on Jul. 7,
2004, now U.S. Pat. No. 7,139,045 entitled “Thin Film Tran-
sistor Array Panel for a Liquid Crystal Display and a Method
for Manufacturing the Same,” which is a continuation of and
claims priority from U.S. application Ser. No. 10/280,049
filed Oct. 25, 2002 (now issued as U.S. Pat. No. 6,768,521),
which is a divisional of and claims priority from U.S. appli-
cation Ser. No. 09/421,478 filed Oct. 20, 1999 (now issued as
U.S. Pat. No. 6,493,048), which claims priority of Korean
patent application no. 1998-56725 filed Dec. 21, 1998 and
Korean patent application no. 1998-44121, filed Oct. 21,
1998, all of which are incorporated by reference herein in
their entireties.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to thin film transistor (TFT)
array panels for a liquid crystal display (LCD) and a method
for manufacturing the same using four photolithography
steps.

(b) Description of the Related Art

An LCD is one of the most widely used FPDs (flat panel
displays). The LCD includes two panels having electrodes for
generating electric fields and a liquid crystal layer interposed
between the two panels. The transmittance of incident light is
controlled by the intensity of the electric field applied to the
liquid crystal layer.

The field-generating electrodes are typically provided at
both or one of the panels, and one of the panels includes
switching elements such as thin film transistors.

In general, a thin film transistor array panel is manufac-
tured by a photolithography process using a plurality of pho-
tomasks. Conventionally, five or six photolithography steps
are employed. Since the photolithography process is expen-
sive, it is desirable to reduce the number of photolithography
steps. Even though manufacturing methods using only four
photolithography steps have been suggested, these proposed
methods are not easy to implement.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a new manufacturing method for a thin film transistor array
panel for a liquid crystal display using four photolithography
steps.

It is another object of the present invention to prevent the
current leakage in a liquid crystal display. Another object of
the present invention is to reduce the step coverage of thin film
transistor array panels for liquid crystal displays.

In order to achieve these and other objects, according to the
present invention, a semiconductor layer and a protection
layer of organic insulating material are patterned in a single
step. Also, according to the present invention, a photoresist
(PR) pattern is reflowed to form an upper layer. Thus, the
reflowed PR pattern is used to form a lower layer under the
upper layer such that the lower layer is extended outside the
upper layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a layout view of a thin film transistor array panel
for aliquid crystal display according to a first embodiment of
the present invention.

FIG. 2 is a cross-sectional view taken along line II-II of
FIG. 1.

FIG. 3 is a cross-sectional view taken along line ITI-III of
FIG. 1.

FIG. 4 is cross-sectional view taken along line IV-IV of
FIG. 1.

FIGS.5A, 6 A and 7A are layout views illustrating, in order,
sequential steps of manufacturing a thin film transistor array
panel according to a first embodiment of the present inven-
tion.

FIGS. 5B, 6B and 7B are cross-sectional views taken along
lines VB-VB, VIB-VIB and VIIB-VIIB of FIGS. 5A, 6A and
7A, respectively.

FIGS. 5C, 6C and 7C are cross-sectional views taken along
lines VC-VC, VIC-VIC and VIIC-VIIC of FIGS. 5A, 6A and
7A, respectively.

FIGS. 5D, 6D and 7D are cross-sectional views taken along
lines VD-VD, VID-VID and VIID-VIID of FIGS. 5A, 6 A and
TA, respectively.

FIGS. 8A-8B and 9A-9C are cross-sectional views taken
along line VIII-VIII of FIG. 7A.

FIG. 10 is a layout view of a thin film transistor array panel
for aliquid crystal display according to a second embodiment
of the present invention.

FIG. 11 is a cross-sectional view taken along line XI-XI of
FIG. 10.

FIG. 12A is a layout view illustrating a first step in manu-
facturing a thin film transistor array panel according to the
second embodiment of the present invention.

FIG. 12B is a cross-sectional view taken along the line
XIIB-XIIB' of FIG. 12A.

FIGS. 13 and 14 are cross-sectional views illustrating
manufacturing steps following that of FIG. 12A taken along
the line XIIB-XIIB' of FIG. 12A

FIG. 15A is a layout view illustrating the thin film transis-
tor array panel in a manufacturing step following that of FIG.
14.

FIG. 15B is a cross-sectional view taken along line XVB-
XVB' of FIG. 15A.

FIG. 16A is a layout view illustrating the thin film transis-
tor array panel in a manufacturing step following that of FIG.
15A.

FIG. 16B is a cross-sectional view taken along line XVIB-
XVIB' of FIG. 16A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. In the drawings, the thickness of layers
and regions are exaggerated for clarity. Like numbers refer to
like elements throughout. It will be understood that when an
element such as a layer, region or substrate is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may also be present. In con-
trast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.



US 7,605,875 B2

3

The number of steps in a manufacturing method according
to the present invention can be reduced by patterning a semi-
conductor layer and a protection layer of organic insulating
material in a single step.

First, the structure of a thin film transistor array panel for a
liquid crystal display produced through a method according
to the first embodiment of the present invention will be
described with reference to FIGS. 1 to 4.

FIG. 1 is a layout view of a thin film transistor array panel
for a liquid crystal display according to the first embodiment
of the present invention, and FIGS. 2, 3 and 4 are cross-
sectional views taken along lines II-II, III-IIT and IV-IV of
FIG. 1, respectively.

A gate wire and a storage wire, which are made of metal or
conductive material such as aluminum. (AI) or aluminum
alloy (Al alloy), molybdenum (Mo) or molybdenum-tungsten
(MoW), and chromium (Cr), are formed on an insulating
substrate 10. The gate wire includes a gate line (scanning
signal line) 22 extending in the horizontal direction (in FIG.
1), a gate pad 26 connected to an end of the gate line 22 and
transmitting a scanning signal from an external circuit to the
gate line 22, and a gate electrode 24 that is a part of a thin film
transistor. The storage wire includes a storage line 28 parallel
with the gate line 22, a storage electrode 27 interconnecting
the storage line 28 and the gate line 22, and a storage electrode
29 branched from the storage line 28. The storage wire forms
a storage capacitance along with a pixel electrode 84, which
will be described hereinafter. It is possible not to form the
storage electrodes 27 and 29 if a storage capacitance between
the pixel electrode 84 and the gate line 22 is sufficient.

The gate wire and the storage wire may have a multi-
layered structure or a single-layered structure. When the gate
wire and the storage wire are formed in a multi-layered struc-
ture, it is preferable that one layer is made of a material having
a low resistivity and another layer is made of a material
having a good contact with other materials. Double layers of
Cr/Al (or Al alloy) and Al/Mo are examples of materials of
such properties.

A gate insulating layer 32 of silicon-nitride (SiNx) and a
semiconductor layer 42 of a semiconductor material such as
hydrogenated amorphous silicon are formed on the gate wire
and the storage wire to cover them. The gate insulating layer
32 and the semiconductor layer 42 are similar in shape to the
gate wire and the storage wire.

An ohmic contact layer 52, 54 and 56 made of a material
such as n+ amorphous silicon doped with N-type impurities
of a high concentration is formed on the semiconductor layer
42. A data wire made of conductive materials such as Mo or
MoW, Cr and Al or Al alloy is formed on the ohmic contact
layer pattern 52, 54 and 56. The data wire includes a data line
62 extending in the vertical direction. (in FIG. 1) and has a
source electrode of the TFT, a data pad 66 connected to an end
of the data line 62 and transmitting image signals from an
external circuit to the data line 62, and a drain electrode 64
located opposite to the source electrode 62 with respect to the
gate electrode 24. The data wire and the ohmic contact layer
pattern 52, 54 and 56 have the same shape.

The data wire may have a multi-layered structure like the
gate wire. When the data wire has a multi-layered structure, it
is preferable that one layer is made of a material having a low
resistivity and another layer is made of a material having a
good contact with other materials. The ohmic contact layer
pattern 52, 54 and 56 serves to reduce the contact resistance
between the semiconductor layer 42 and the data wire, and
has the same layout as the data wire.

A protection layer 72 made of organic insulating material
and covering the data wire is formed on the semiconductor
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layer 42. The protection layer 72 has contact holes 71 and 73
respectively exposing the drain electrode 64 and the data pad
66, and a contact hole 75 exposing the gate pad 26 along with
the gate insulating layer 32 and the semiconductor layer 42.

The pixel electrode 84, which receives an image signal and
generates an electric field with a common electrode of an
upper panel, is formed on the substrate 10 of a pixel region
defined by the gate line 22 and the data line 62. The pixel
electrode 84 is made of a transparent conductive material
such as ITO (indium tin oxide). The pixel electrode 84 is
connected to the drain electrode 64 physically and electrically
through the contact hole 71, and receives image signals from
the drain electrode 64.

A redundant gate pad 80 and a redundant data pad 82
respectively connected to the gate pad 26 and the data pad 66
through the contact holes 75 and 73 are formed on the gate
pad 26 and the data pad 66. Since these redundant pads 80 and
82 protect the pads 26 and 66 and provide additional adhe-
siveness between an external circuit and the pads 26 and 66,
they are optional. The pixel electrode 84 overlaps the gate
lines 22 and the storage wire to form a storage capacitance.

In this embodiment, although transparent ITO is used for
the pixel electrode 82, an opaque-conductive material may be
used in a reflective type LCD.

Furthermore, to prevent a parasitic channel from being
formed on the gate line 22 and the storage line 28 when
scanning signals are applied, the semiconductor layers 42 of
adjacent pixel regions are separated by the gate line 22 and the
storage line 28. If adjacent data lines 62 are electrically con-
nected through the semiconductor layer 42, the parasitic
channel in the semiconductor layer 42 may leak currents, and
the image signals applied to the data lines 62 interfere with
each other. Accordingly, the semiconductor layers 42
between adjacent data lines 62 must be separated from each
other.

A method for manufacturing a thin film transistor array
panel according to a first embodiment of the present invention
will now be described with reference to the FIGS. 5A to 7D
and FIGS. 1to 4.

FIGS. 5A, 6A and 7A are layout views illustrating a
method for manufacturing of a thin film transistor array panel
according to the first embodiment of the present invention.
FIGS. 5B, 6B and 7B show a TFT portion, a pixel portion and
a storage portion. FIGS. 5C, 6C and 7C show a gate pad
portion and FIGS. 5D, 6D and 7D show a data pad portion.

As shown in FIGS. 5A to 5D, a gate metal is deposited on
a substrate 10 and patterned by a first photolithography pro-
cess to form a gate wire including a gate line 22, a gate
electrode 24 and a gate pad 26, and a storage wire including a
storage line 28 and storage electrodes 27 and 29. As described
previously, the gate wire and the storage wire are made of
metal or conductive material such as aluminum (Al) or alu-
minum alloy, molybdenum (Mo) or molybdenum-tungsten
(MoW), and chromium (Cr).

As shown in FIGS. 6A to 6D, following the above, a gate
insulating layer 32 of silicon nitride, a semiconductor layer 42
of hydrogenated amorphous silicon, an amorphous silicon
layer heavily doped with N-type impurities such as phospho-
rus, and a data metal layer are deposited in this order. Next,
the data metal layer is patterned by a second photolithography
process to form a data wire including a data line 62 having a
source electrode, a drain electrode 64, and a data pad 66.
Then, the doped amorphous silicon layer that is not covered
by the data wire is etched to form an ohmic contact layer 52,
54, 56 under the data metal layer.

Next, as shown in FIGS. 7A to 7D, a photo-sensitive
organic insulating layer is deposited and etched along with
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the gate insulating layer 32 and the semiconductor layer 42 by
a third photolithography process to form a protection layer 72
having contact holes 71 and 73 exposing the drain electrode
64 and the data pad 66, and a contact hole 75 exposing the gate
pad 26 along with the gate insulating layer 32, and the semi-
conductor layer 42. At this time, as shown in FIG. 7A, the
protection layer 72, the semiconductor layer 42 and the gate
insulating layer 32 cover (in an identical pattern) the gate
wire, the storage wire, and the data wire, respectively. Here, a
part of the protection layer 72 enclosing the data pad 66
and—having the contact hole 73 is different from parts of the
gate insulating layer 32 and the semiconductor layer 42.

At this time, if amorphous silicon is left remaining on the
gate line 22, gate electrode 24, and storage line 28, adjacent
data lines 62 become electrically connected and data signals
interfere with each other because of the current leakage
between each pair of data lines 62. Accordingly, it is prefer-
able that parts of the semiconductor layers 42 on the gate line
22, gate electrode 24, and storage line 28 are removed to
separate adjacent data lines 62, i.e., to sever the electrical
connection between adjacent data lines 62. This is realized by
removing portions of the protection layer 72 and the semi-
conductor layer 42 corresponding to portions A in FIG. 7A.
However, because the contact hole 75 must be simultaneously
formed, the portion of the gate line 22, gate electrode 24, and
storage line 28 corresponding to portions A are exposed. At
this time, by a reflow process, the gate insulating layer 32 or
the protection layer 72 may cover the gate line 22, gate elec-
trode 24, and storage line 28 at areas corresponding to por-
tions A, preventing the exposure of gate wire in these areas.
This will be described in detail hereinafter. At this time, a
profile of the protection layer 72 may be sloped.

First,a method for covering with the protection layer 72 the
gate line 22, gate electrode 24, and storage wire 28 through a
reflow process will be described in detail.

FIGS. 8A and 8B are the cross-sectional views taken along
line VIII-VIII of portion A in FIG. 7A. FIG. 8A is a cross-
sectional view before a reflow process, and FIG. 8B is a
cross-sectional view after the reflow process.

As shown in FIG. 8A, when forming the contact holes 75,
73 and 71 exposing the gate pad 26, the data pad 66 and the
drain electrode 64, respectively, the gate line 22 is exposed by
removing the protection layer 72, the semiconductor layer 42
and the gate insulating layer 32 corresponding to portions A to
remove the semiconductor layer 42 under adjacent data lines
62. Because the etch selectivity of the data metal layer pre-
vents further etching, the semiconductor layer and the gate
insulating layer underlying the data pad 66 and the drain
electrode 64 are not removed.

Next, as shown in FIG. 8B, by the reflow process, the parts
of the protection layer 72, which is made of organic and
reflowable material, flow into opening A, and the gate line 22
is covered with the protection layer 72. This method is used
when the protection layer 72 is made of organic and reflow-
able material.

A method for leaving the gate insulating layer 32 intact on
the gate line 22, gate electrode 24, and storage wire 28
through a reflow process will now be described in detail.
FIGS. 9A to 9C are cross-sectional views taken along line
VIII-VIII, of portion A in FIG. 7A. FIG. 9A is a cross-
sectional view before a reflow process. FIG. 9B is a cross-
sectional view after the reflow process and FIG. 9C is a
cross-sectional view after an etch process.

As shown in FIG. 9A, formed in a third photolithography
process are a photoresist pattern 1000 having an opening A on
the gate line 22 and a plurality of minute patterns 1001 pro-
vided on the protection layer 72 in the opening A.
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Next, if the reflow process is executed, as shown in FIG.
9B, the minute patterns 1001 are reflowed into the opening A,
and a photoresist layer 1002 is formed on the protection layer
72 corresponding to the position of the opening A.

Next, as shown in FIG. 9C, the protection layer 72, the
semiconductor layer 42 and the gate insulating layer 32 are
etched to expose the gate pad 26 (see FIG. 7C). At this time,
although the protection layer 72 and the semiconductor layer
42 come to be divided into two portions with respect to
opening A, the gate insulating layer 32 covering the gate line
22 is not divided, because of the photoresist layer 1002
formed in opening A.

By using minute patterns of reflowable photoresist as
described above, even if the substrate 10 at pixel regions and
the gate pad 26 at pad portions are exposed, the gate insulating
layer 32 over the gate line 22, gate electrode 24, and storage
line 28 remain intact.

At this time, it is preferable that the amorphous silicon of
opening A is completely removed by controlling the thickness
of the photoresist layer 1002. If the photoresist layer 1002 is
thin, the portion of the gate insulating layer 32 in opening A
may be etched. In this method, the reflowable photoresist
1000, 1001 and 1002 is used rather than the reflowable pro-
tection layer 72 of the previous method. However, when the
reflowable protection layer 72 is used as in the previous
method, minute patterns are formed as the protection layer
and reflowed such that a thin layer is formed as a protection
layer in the opening A, thereby leaving the gate insulating 32
intact.

This method of using a reflow process for a selective etch-
ing may be used for manufacturing other semiconductor
devices. That is, one etch process may not expose the storage
line 28, gate line 22, and gate electrode 24 in one area while
exposing the substrate 10 and the gate pad 26 in the other area.

Subsequently, aluminum and aluminum alloy not covered
by the protection layer 72 and exposed such as the gate pad
26, are removed by performing an etch process over an entire
surface to improve contact quality with indium tin oxide
(ITO). When the gate wire is made of aluminum or aluminum
alloy of the upper layer, and the lower layer of chromium,
molybdenum or molybdenum alloy, the lower layer of chro-
mium, molybdenum or molybdenum alloy of the gate pad 26
is exposed.

Next, as shown in FIGS. 1 to 4, indium tin oxide (ITO) is
deposited and patterned by fourth photolithography pro-
cesses to form a pixel electrode 84 connected to the drain
electrode 64, a redundant gate pad 80 connected to the gate
pad 26 and a redundant data pad 82 connected to the data pad
66 through the contact hole 71, 75 and 73. The pixel electrode
84, the redundant gate pad 80 and the redundant data pad 82
contact with chromium, molybdenum or molybdenum alloy
of the drain electrode 64, the gate pad 26 and the data pad 66.

In the first embodiment of the present invention, the pad
portion has a dual-layered structure including the upper layer
of ITO and the lower layer of chromium, molybdenum or
molybdenum alloy. When the pad portion is a triple-layered
structure, a conductive layer made of aluminum or aluminum
alloy may be provided.

In the previous embodiment, the protection layer and the
semiconductor layer are simultaneously patterned to reduce
the number of masks. However, severe step coverage makes
the upper layers structurally weak. To overcome this problem,
it is preferable that a lower layer be formed to extend past
outside an upper layer. This will be described in detail here-
inafter.
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First, the structure of a thin film transistor array panel for a
liquid crystal display according to a second embodiment of
the present invention will be described with reference to
FIGS. 10 to 11.

FIG. 10 is a layout view of a thin film transistor array panel
for a liquid crystal display according to the second embodi-
ment of the present invention, and FIG. 11 is a cross-sectional
view taken along line XI-XI of FIG. 10.

A gate wire and a storage wire, which are made of conduc-
tive material such as aluminum (Al) or aluminum alloy,
molybdenum (Mo) or molybdenum-tungsten (MoW), and
chromium (Cr), are formed on an insulating substrate 10. The
gate wire includes a gate line (scanning signal line) 22 extend-
ing in the horizontal direction (in FIG. 10), a gate pad 26
connected to an end of the gate line 22 and transmitting a
scanning signal from an external circuit to the gate line 22,
and a gate electrode 24 that is a part of a thin film transistor.
The gate line 22 forms a storage capacitance along with a
pixel electrode 84, which will be described hereinafter. Stor-
age electrodes overlapping the pixel electrode 84 may be
provided if the storage capacitance between the pixel elec-
trode 84 and the gate line 22 is not sufficient.

The gate wire may have a multi-layered structure or a
single-layered structure. When the gate wire has a multi-
layered structure, it is preferable that one layer is made of a
material having a low resistivity and another layer is made of
amaterial having a good contact with other materials. Double
layers of Cr I Al (or Al alloy) and Al/Mo are such examples.

A gate insulating layer 32 of silicon-nitride (SiNx) covers
the gate wire.

A semiconductor pattern 42, 44 and 46 made of such a
material as hydrogenated amorphous silicon is formed on the
gate insulating layer 30. An ohmic contact pattern 52, 53, 54
and 56 of a material such as n+ silicon amorphous hydride
doped with N-type impurities at a high concentration is
formed on the semiconductor pattern 42, 44 and 46.

A data wire made of conductive materials such as Mo or
MoW, Cr, Al or Al alloy and Ta is formed on the ohmic contact
pattern 52, 53, 54 and 56. The data wire includes a data line 62
extending in the vertical direction (in FIG. 10), a data pad 66
connected to an end of the data line 62 and transmitting image
signals from an external circuit to the data line 62, a source
electrode 63 that is a part of a thin film transistor and branched
from the data line 62, and a drain electrode 64 located oppo-
site to the source electrode 63 with respect to the gate elec-
trode 24.

The data wire may have a multi-layered structure like the
gate wire. When the data wire has a multi-layered structure, it
is preferable that one layer is made of a material having a low
resistivity and another layer is made of a material having a
good contact with other materials.

The ohmic contact layer pattern 52, 53, 54 and 56 reduces
the contact resistance between the semiconductor pattern 42,
44 and 46 and the data wire, having the same layout as the data
wire. Here, an edge of the semiconductor pattern 42, 44 and
46 is extended outside the data wire 62, 63, 64 and 66, and a
channel of the thin film transistor is formed in the semicon-
ductor pattern 42, 44 and 46 between the source electrode 63
and the drain electrode 64.

A protection layer 70 made of silicon-nitride (SiNx) or
organic insulating material is formed on the gate insulating
layer 32 to cover the data wire and the semiconductor pattern
42, 44 and 46. The protection layer 70 has contact holes 72
and 76 respectively exposing the drain electrode 64 and the
data pad 66, and a contact hole 74 exposing the gate pad 26.

The pixel electrode 84, which receives an image signal and
generates an electric field in cooperation with a common
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electrode of an upper panel, is formed on the protection layer
70 of a pixel region defined by the gate line 22 and the data
line 62. The pixel electrode 84 is made of a transparent con-
ductive material such as ITO (indium tin oxide). The pixel
electrode 84 is connected to the drain electrode 64 physically
and electrically through the contact hole 72, and receives
image signals from the drain electrode 64.

A redundant gate pad 80 and a redundant data pad 82
respectively connected to the gate pad 26 and the data pad 66
through the contact holes 74 and 76 are formed on the gate
pad 26 and the data pad 66. Since these redundant pads 80 and
82 protect the pads 26 and 66 and provide additional adhe-
siveness between an external circuit and the pads 26 and 66,
they are optional. The pixel electrode 84 overlaps the gate line
22 to form a storage capacitance.

In this embodiment, although transparent ITO is taken as
an example of the material of the pixel electrode 82, it is
possible to use an opaque-conductive material in a reflective
type LCD.

A manufacturing method of a thin film transistor array
panel according to a second embodiment of the present inven-
tion will now be described with reference to the FIGS. 12A to
16B and FIGS. 10 to 11.

First, as shown in FIGS. 12A and 12B, a conductive layer
of material such as metal is deposited on a substrate 10 with
a thickness of 1,000 to 3,000 A by using a sputtering deposi-
tion method, and patterned by a first photolithography pro-
cess by using a wet or dry etch process to form a gate wire
including a gate line 22, a gate electrode 24 and a gate pad 26.

Next, as shown in FIG. 13, a gate insulating layer 32 of
silicon nitride with a thickness of 1,500 to 5,000 A, a semi-
conductor layer 42 made of hydrogenated amorphous silicon
with a thickness of 500 to 2,000 A, and a doped amorphous
silicon layer heavily doped with impurities such as phospho-
rus with a thickness of 300 to 600 A are deposited, in this
order, by a chemical vapor deposition process.

Then, aconductive layer of material such as metal is depos-
ited with a thickness of 1,500 to 3,000 A by using a sputtering
deposition method, and photoresist is coated with a thickness
0f 10,000 to 20,000 A on the conductive layer. The photore-
sist is exposed and developed using a second mask, which is
used for a data wire, to form a photoresist pattern 112, 114 and
116. The portion of the conductive layer not covered by the
photoresist pattern 112,114, 116 is etched to form a data wire,
the data wire including a data line 62, a source electrode 63,
a drain electrode 64 and a data pad 66 on the doped amor-
phous silicon layer.

Next, as shown in FIG. 14, the photoresist pattern 112, 114
and 116 is reflowed such that a new photoresist pattern 115
covering the doped amorphous silicon 50 between the source
electrode 63 and the drain electrode 64 is formed, and a
periphery of the data wire is completely covered by the pho-
toresist pattern 112, 114 and 116. Subsequently, portions of
the doped amorphous silicon layer 50 and the amorphous
silicon layer 40 not covered by the data wire 62, 64 and 66 are
etched to form an ohmic contact layer 52, 56, and 58 and a
semiconductor pattern 42, 44 and 46 to be extended outside
the data wire 62, 64 and 66.

Next, the photoresist pattern 112, 114, 115 and 116 is
removed, and also removed is the doped amorphous silicon
layer not covered by the data wire such that the ohmic contact
layer 58 under the source and drain electrodes 63 and 64 is
divided into two portions 53 and 54, thereby exposing the
semiconductor pattern 44 between the source and drain elec-
trodes 63 and 64. At this time, the ohmic contact layer pattern
52,53, 54 and 56 and the data wire have the same layout.
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Here, as shown in FIG. 14, because portions of the photo-
resist pattern 112, 114, 115 and 116 corresponding to where
the ohmic contact layer 52, 56 and 58 is not covered by the
data wire 62, 63, 64 and 66, are thinner than other portions of
the photoresist pattern 112, 114, 115 and 1186, it is possible to
change the order of the above method and remove the first
amorphous silicon layer not covered by the data wire, after
which the photoresist pattern 112, 114, 115 and, 116 is
removed. In this etch process, both dry or wet etch methods
can be used, and it is preferable that etching is performed
under the condition where the data wire and the gate insulat-
ing layer 32 are not easily etched, while the photoresist pat-
tern 112, 114, 115 and 116 and the amorphous silicon layer
are easily etched.

Furthermore, after the data wire 62, 63, 64 and 66 is
formed, the exposed doped amorphous silicon layer is etched
to form the ohmic contact layer 52, 53, 54 and 56 (see FIG.
15B).

Next, as shown in FIGS. 16A and 16B, an organic insulat-
ing material is coated by using a spin coating method or
silicon nitride is deposited by using a chemical vapor depo-
sition method to form a protection layer 70 with a thickness of
more than 3,000 A. Subsequently, the protection layer 70 is
etched along with the gate insulating layer 32 and the semi-
conductor layer 42 by a third photolithography process to
form contact holes 72, 76 and 74 respectively exposing the
drain electrode 64, data pad 66, and gate pad 26.

Finally, as shown in FIGS. 10 to 11, indium tin oxide (ITO)
is deposited and patterned by a fourth photolithography pro-
cess to form a pixel electrode 84 connected to the drain
electrode 64 through the contact hole 72, a redundant gate pad
80 connected to the gate pad 26 through the contact hole 74,
and a redundant data pad 82 connected to the data pad 66
through the contact hole 76.

In this embodiment according to the present invention, the
data wire, the ohmic contact layer 52, 53, 54 and 56, and the
semiconductor pattern 42, 44 and 46 are formed by using a
single mask, thereby minimizing the total number of masks
required. Further, the semiconductor pattern 42, 44 and 46 is
formed extending outside the data wire such that the step
coverage of the triple layer, realized through the data wire, the
ohmic contact layer 52, 53, 54 and 56, and the semiconductor
pattern 42, 44 and 46, is formed in two steps. Accordingly, the
structure of the protection layer 70 and the pixel electrode 84
may become less fragile.

This method may also be adapted to the first embodiment.
The photoresist pattern to form the protection layer is
reflowed and the reflowed photoresist pattern can be used to
etch the semiconductor layer or the gate insulating layer.

In the present invention, the manufacturing process of a
thin film transistor panel for a liquid crystal display is sim-
plified by reducing the number of masks required in the
process. As a result, manufacturing costs may be minimized.
The leakage of current from the liquid crystal display can also
be reduced, and the step coverage of the layers is strength-
ened.

What is claimed is:

1. A thin film transistor array panel, comprising:

a gate wire including a plurality of gate lines, a plurality of
gate electrodes, and a plurality of gate pads and formed
on an insulating substrate;

a gate insulating layer covering the gate wire;

a semiconductor layer formed on the gate insulating layer;

an ohmic contact layer formed on the semiconductor layer;

adata wire formed on the ohmic contact layer, wherein the
data wire includes a plurality of data lines intersecting
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the gate lines, a plurality of source electrodes connected
to the data lines and extending onto the gate electrodes,
a plurality of drain electrodes located opposite the
source electrodes with the gate electrodes therebetween
and a plurality of data pads;

a protection layer formed on the data wire and the semi-
conductor layer, and having a plurality of first contact
holes exposing the drain electrodes; and

a plurality of pixel electrodes connected to the drain elec-
trodes through the first contact holes formed directly
over a storage wire formed on the substrate,

wherein the ohmic contact layer extends substantially
along the data lines, the gate wire has a taper structure,
and the protection layer covers the semiconductor layer
between the source electrode and the drain electrode,
and each of the pixel electrodes overlaps its own gate
line.

2. The thin film transistor array panel of claim 1, wherein
the ohmic contact layer has substantially the same planar
shape as the data wire.

3. The thin film transistor array panel of claim 2, wherein
the portion of the data pad and the ohmic contact layer on the
portion of the data line has a taper structure.

4. The thin film transistor array panel of claim 1, wherein
the protection layer have a plurality of second contact holes
and a plurality of third contact holes respectively exposing
portions of the gate line and the data lines.

5. The thin film transistor array panel of claim 4, further
comprising;

a plurality of redundant gate pads respectively connected to

the gate lines through the second contact holes, and
aplurality of redundant data pads respectively connected to
the data lines through the third contact holes.

6. The thin film transistor array panel of claim 5, wherein
the redundant gate pads and the redundant data pads are
formed with the same layer as the pixel electrodes.

7. The thin film transistor array panel of claim 1, wherein
the semiconductor layer, the gate insulating layer and the
protection layer are removed in the regions enclosed by the
gate lines and the data lines such that the pixel electrode
contacts the insulating substrate in the region.

8. The thin film transistor array panel of claim 1, further
comprising a plurality of storage electrode overlapping the
pixel electrodes.

9. The thin film transistor array panel of claim 8, wherein
semiconductor layers of adjacent pixel electrodes are sepa-
rated by a storage electrode to prevent a parasitic channel in
the semiconductor layer.

10. The thin film transistor array of claim 5, wherein a
width of the redundant gate pad is wider than a width of the
gate pad.

11. The thin film transistor array of claim 10, wherein the
semiconductor layer, the gate insulating layer, and the pro-
tection layer have the second contact holes.

12. The thin film transistor array of claim 5, wherein a
width of the redundant data pad is wider than a width of the
data pad.

13. The thin film transistor array of claim 12, wherein the
semiconductor layer is formed under the portion of the data
pad.

14. The thin film transistor array of claim 5, wherein a
width of a lower part of the second contact hole is narrower
than the width of the gate pad, and a width of a lower part of
the third contact hole is narrower than the width of the data
pad.
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