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

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. application Ser. No.
10/112,890filed on Apr. 1,2002 now U.S. Pat. No. 6,905,917,
which claims priority to Korean Application No. 01-49963
filed on Aug. 20, 2001.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a thin film transistor array
panel for a liquid crystal display, and a method for manufac-
turing the same.

(b) Description of the Related Art

Generally, a liquid crystal display has two panels having
electrodes, and a liquid crystal layer sandwiched between the
two panels. Voltages are applied to the electrodes so that the
liquid crystal molecules in the liquid crystal layer are re-
oriented to thereby control light transmission.

Thin film transistors are formed on one of the panels for
switching the voltages applied to the electrodes, and the panel
having the thin film transistors is usually called “thin film
transistor array panel”. The thin film transistor array panel is
generally fabricated through photolithography using masks.
One way to reduce production costs is by reducing the num-
ber of masks.

Meanwhile, a low resistance material such as aluminum
(Al) or aluminum alloy is used for forming wiring lines for the
thin film transistor array panel to transmit applied signals
with minimal delay. Furthermore, indium tin oxide (ITO) is
generally used for forming pixel electrodes for the thin film
transistor array panel. However, the ITO has poor contact
characteristic with aluminum or aluminum alloy. Therefore,
molybdenum or chrome instead of aluminum or aluminum
alloy can be interposed between the wiring layer and the
ITO-based pixel electrode. However, the manufacturing pro-
cess 1s more complicated because the aluminum or aluminum
alloy in pad regions must be removed.

Recently, indium zinc oxide (IZ0) is proposed for forming
the pixel electrodes as well as in forming the pads. However,
170 increases overall contact resistance at contact areas
between the respective wiring line components including
pads, which deteriorate image display characteristics of the
liquid crystal display device. Thus, it is desirable to provide a
method of fabricating a thin film transistor array panel for a
liquid crystal display which has low resistance material-
based wiring lines while ensuring reliability at the contact
area.

SUMMARY OF THE INVENTION

A method of fabricating a thin film transistor array panel
for a liquid crystal display is provided, which includes the
steps of: forming a gate line assembly on an insulating sub-
strate, the gate line assembly including gate lines and gate
electrodes connected to the gate lines; forming a gate insu-
lating layer on the insulating substrate having the gate line
assembly; forming a semiconductor layer on the gate insulat-
ing layer; forming a data line assembly, the data line assembly
including data lines crossing over the gate lines, source elec-
trodes connected to the data lines and placed adjacent to the
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2

gate electrodes, and drain electrodes placed opposite to the
source electrodes with respect to the gate electrodes; depos-
iting a protective layer onto the insulating substrate having
the data line assembly; patterning the protective layer to form
first contact holes exposing the drain electrodes; and forming
pixel electrodes on the protective layer such that the pixel
electrodes are electrically connected to the drain electrodes,
wherein one of the gate line assembly and the data line assem-
bly further includes a low resistance conductive layer.

According to an embodiment of the present invention, the
gate line assembly and the data line assembly further includes
a first low resistance conductive layer and a second low resis-
tance conductive layer, respectively. The first low resistance
conductive layer and the second low resistance conductive
layer are continuously formed on the gate line assembly and
the data line assembly, respectively, in a vacuum condition.

According to an embodiment of the present invention, the
low resistance conductive layer is formed through reactive
sputtering with addition of nitrogen gas. The low resistance
conductive layer includes a layer containing nitrogen. The
nitride containing layer includes one of an aluminum nitride
layer, aluminum alloy nitride layer, and aluminum/neody-
mium alloy nitride layer.

According to an embodiment of the present invention, the
gate line assembly includes one of a first conductive layer
having aluminum, aluminum alloy, and aluminum/neody-
mium alloy. The gate line assembly further includes a second
conductive layer having molybdenum or molybdenum alloy.
The data line assembly includes a first conductive layer hav-
ing aluminum or aluminum alloy. The data line assembly
further includes a second conductive layer having one of
molybdenum, molybdenum alloy molybdenum/tungsten
alloy, chrome, and tantalum. The gate line assembly further
includes gate pads for receiving scanning signals from the
outside and transmitting the scanning signals to the gate lines,
the data line assembly further includes data pads for receiving
image signals from the outside and transmitting the image
signals to the data lines, and the protective layer further
includes second contact holes exposing the data pads and
third contact holes exposing the gate pads together with the
gate insulating layer, and the method further comprising the
step of forming subsidiary gate pads and subsidiary data pads
at the same level as the pixel electrodes such that the subsid-
iary gate pads and subsidiary data pads are electrically con-
nected to the gate pads and the data pads through the second
contact holes and the third contact holes, respectively.

According to an embodiment of the present invention, the
pixel electrodes are formed with indium zinc oxide. The data
line assembly and the semiconductor layer are formed
through one photolithography process using a photoresist
pattern differentiated in thickness. The data line assembly and
the semiconductor layer are formed using one mask.

A thin film transistor array panel for a liquid crystal display
is also provided, which includes: a substrate; a gate line
assembly formed on the substrate, the gate line assembly
including gate lines proceeding in a horizontal direction to
receive scanning signals, and gate electrodes connected to the
gate lines; a gate insulating layer covering the gate line assem-
bly; a semiconductor pattern formed on the gate insulating
layer with a semiconductor material; a data line assembly
formed on the semiconductor pattern or the gate insulating
layer, the data line assembly including data lines proceeding
in a vertical direction, source electrodes branched from the
data lines, and drain electrodes facing the source electrodes
around the gate electrodes while being separated from the
source electrodes; a protective pattern formed on the data line
assembly and the semiconductor pattern, the protective pat-
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tern including first contact holes exposing the drain elec-
trodes; pixel electrodes formed on the protective pattern, the
pixel electrodes being electrically connected to the drain elec-
trodes through the first contact holes via the low resistance
conductive layer, wherein one of the gate line assembly and
the data line assembly further includes a low resistance con-
ductive layer.

According to an embodiment of the present invention, the
gate line assembly further includes gate pads connected to the
gate lines to receive gate signals from the outside, the data line
assembly further includes data pads connected to the data
lines to receive image signals from the outside, and the pro-
tective pattern further includes second and third contact holes
exposing the gate pads and the data pads, respectively,
According to an embodiment of the present invention, the thin
film transistor array panel further includes subsidiary gate
and data pads formed at the same level as the pixel electrodes
while being electrically connected to the gate and the data
pads, respectively, through the second and the third contact
holes, respectively, via the low resistance conductive layer.
The pixel electrodes are formed with a transparent conductive
material having indium zinc oxide. The gate line assembly
and the data line assembly further include a first low resis-
tance conductive layer and a second low resistance conduc-
tive layer, respectively. The low resistance conductive layer
includes a layer containing nitrogen. The nitride containing
layer includes an aluminum nitride layer or an aluminum
alloy nitride layer. The gate line assembly includes a first
conductive layer having one of aluminum, aluminum alloy,
and aluminum/neodymium alloy. The gate line assembly fur-
ther includes a second conductive layer having molybdenum
or molybdenum alloy. The data line assembly includes a first
conductive layer having aluminum or aluminum alloy. The
data line assembly further includes a second conductive layer
having one of molybdenum, molybdenum alloy, molybde-
num alloy molybdenum/tungsten alloy, chrome, and tanta-
lum. The semiconductor pattern has the same shape as the
data line assembly except for the channel area between the
source and the drain electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily apparent as
the same becomes better understood by reference to the fol-
lowing detailed description when considered in conjunction
with the accompanying drawings in which like reference
symbols indicate the same or the similar components,
wherein:

FIG. 1isaplan view of a thin film transistor array panel for
a liquid crystal display according to a preferred embodiment
of the present invention;

FIG. 2 is a cross sectional view of the thin film transistor
array panel taken along the I1-IT' line of FIG. 1;

FIG. 3 illustrates the first step of fabricating the thin film
transistor array panel shown in FIG. 1;

FIGS.4A,5A,7A, and 8A illustrate the steps of fabricating
the thin film transistor array panel following the step illus-
trated in FIG. 3;

FIG. 4B is a cross sectional view of the thin film transistor
array panel taken along the IVb-IVb' line of FIG. 4A;

FIG. 5B is a cross sectional view of the thin film transistor
array panel taken along the Vb-Vb' line of FIG. 5A,;

FIG. 6 illustrates the step of fabricating the thin film tran-
sistor array panel following the step illustrated in FIG. 5B;

FIG. 7B is a cross sectional view of the thin film transistor
array panel taken along the VIIb-VIIb' line of FIG. 7A;
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FIG. 8B is a cross sectional view of the thin film transistor
array panel taken along the VIIIb-VIIIb' line of FIG. 8A,;

FIG. 9 is aplan view of a thin film transistor array panel for
a liquid crystal display according to another preferred
embodiment of the present invention;

FIGS. 10 and 11 are cross sectional views of the thin film
transistor array panel taken along the X-X' line and the XI-XT'
line of FIG. 9, respectively;

FIG. 12A illustrates the first step of fabricating the thin film
transistor array panel shown in FIG. 9;

FIGS. 12B and 12C are cross sectional views of the thin
film transistor array panel taken along the XIIb-X1Ib' line and
the X1Ic-XTIIc' line of FIG. 12A, respectively;

FIGS. 13A and 13B illustrate the step of fabricating the
thin film transistor array panel following the step illustrated in
FIG. 124A;

FIG. 14A illustrates the step of fabricating the thin film
transistor array panel following the step illustrated in FIGS.
13A and 13B;

FIGS. 14B and 14C are cross sectional views of the thin
film transistor array panel taken along the XIVb-XIVb' line
and the XIVc-XIVc' line of FIG. 14A, respectively;

FIGS. 15A and 15B illustrate the step of fabricating the
thin film transistor array panel following the step illustrated in
FIG. 14A;

FIGS. 16A and 168 illustrate the step of fabricating the
thin film transistor array panel following the step illustrated in
FIGS. 15A and 15B:

FIGS. 17A and 178 illustrate the step of fabricating the
thin film transistor array panel following the step illustrated in
FIGS. 16A and 16B;

FIG. 18A illustrates the step of fabricating the thin film
transistor array panel following the step illustrated in FIGS.
17A and 17B; and

FIGS. 18B and 18C are cross sectional views of the thin
film transistor array panel taken along the XVIIIb-XVIIIb'
line and the XVIIIc-XVIIc' line of FIG. 18A.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of this invention will be explained
with reference to the accompanying drawings.

FIG.1isaplan view of a thin film transistor array panel for
a liquid crystal display according to a preferred embodiment
ofthe present invention. FIG. 2 is a cross sectional view ofthe
thin film transistor array panel taken along the II-II' line of
FIG. 1.

Referring to FIGS. 1 and 2, a gate line assembly is formed
on an insulating substrate 10. According to an embodiment of
the present invention, the gate assembly includes a first con-
ductive layer having aluminum, aluminum alloy, or alumi-
num/neodymium alloy. The gate line assembly further
includes a second conductive layer having molybdenum or
molybdenum alloy. The gate line assembly includes gate lines
22 proceeding in the horizontal direction, gate pads 24 con-
nected to the gate lines 22 to receive gate signals from the
outside and transmit gate signals to the gate lines 22, and gate
electrodes 26 connected to the gate lines 22.

A firstlow resistance conductive layer 200 is formed on the
gate line assembly. According to an embodiment of the
present invention, the first low resistance conductive layer
200 preferably includes an aluminum nitride layer, an alumi-
num alloy nitride layer, or aluminum/neodymium alloy
nitride layer with conductive material for gate line assembly
to minimize the contact resistance between the gate pads 24
and IZ0O-based subsidiary gate pads 84 to be formed later.
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Next, a gate insulating layer 30 is formed on the substrate
10 with silicon nitride (SiNx) while covering the gate line
assembly and the first low resistance conductive layer 200.
The gate insulating layer 30 has contact holes 74 exposing the
first low resistance conductive layer 200 over the gate pads 24
together with a protective layer 70 to be formed later.

A semiconductor layer 40 is formed on the gate insulating
layer 30 over the gate electrodes 26, and ohmic contact layers
55 and 56 are formed on the semiconductor layer 40 with
n*-hydrogenated amorphous silicon where n-type impurities
are doped at a high concentration.

A data line assembly is formed on the ohmic contact layers
55 and 56 and the gate insulating layer 30 with a metallic or
conductive material. According to an embodiment of the
present invention, the conductive material includes a first
conductive layer having aluminum or aluminum alloy. The
conductive material further includes a second conductive
layer having molybdenum, molybdenum alloy, molybdenum/
tungsten alloy (MoW), chrome (Cr), and tantalum (Ta). The
data line assembly includes data lines 62 proceeding in the
vertical direction while crossing over the gate lines 22 to
define pixels, source electrodes 65 branched from the data
lines 62 while being extended over the ohmic contact layer
55, data pads 68 connected to the data lines 62 to receive
image signals from the outside, and drain electrodes 66 sepa-
rated from the source electrodes 65 while being placed over
the ohmic contact layer 56 opposite to the source electrodes
65 with respect to the gate electrodes 26. According to an
embodiment of the present invention, the data line assembly
can be formed with a single-layered structure, or a double or
more-layered structure. When the data line assembly is
formed with a double-layered structure, it is preferable that
one layer is formed with a low resistance material such as
aluminum and aluminum alloy, and the other layer is formed
with a material having good contact characteristic with other
materials such as molybdenum, molybdenum alloy, chrome,
and tantalum. For example, Cr/Al or Al alloy, or Al/Mo can
preferably be used for the data line assembly. In this preferred
embodiment, the data line assembly is formed with a lower
layer 601 based on Cr or MoW, and an upper layer 602 based
on Al alloy.

A second low resistance conductive layer 600 is formed on
the data line assembly to minimize the contact resistance
between the data line assembly and pixel electrodes 82
formed with IZO or subsidiary data pads 88 to be formed later.
The second low resistance conductive layer 600 enhances the
contact characteristic between two different material-based
conductive layers. According to an embodiment of the
present invention, the second low resistance conductive layer
600 includes at least a conductive material such as aluminum
and aluminum alloy for the upper layer 602 of the data line
assembly, and nitrogen. The second low resistance conduc-
tive layer 600 also includes chrome, molybdenum, or molyb-
denum alloy as the conductive material.

A protective layer 70 is formed on the data line assembly
and the semiconductor layer 40. The protective layer 70 has
contact holes 76 and 78 exposing the second low resistance
conductive layer 600 over the drain electrodes 66 and the data
pads 68, respectively, and contact holes 74 exposing the first
low resistance conductive layer 200 over the gate pads 24
together with the gate insulating layer 30.

A pixel line assembly is formed on the protective layer 70.
The pixel line assembly includes pixel electrodes 82 electri-
cally connected to the drain electrodes 66 at the respective
pixels while being in contact with the second low resistance
conductive layer 600 over the drain electrodes 66 through the
contact holes 76, and subsidiary gate and data pads 86 and 88
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connected to the first and second low resistance conductive
layers 200 and 600, respectively, over the gate pads 24 and the
data pads 68 through the contact holes 74 and 78, respectively.

Referring to FIGS. 1 and 2, the pixel electrodes 82 are
overlapped with the gate lines 22 to thereby form storage
capacitors. In case the desired storage capacitance is not
obtained with the overlapping, a storage capacitor line assem-
bly can be additionally provided at the same level as the gate
line assembly.

As the above structure involves gate and data line assem-
blies including a low resistance conductive material such as
aluminum or aluminum alloy, it can be well adapted for use in
a wide-screened high definition liquid crystal display. Fur-
thermore, as the data pads 68, the drain electrodes 66, and the
gate pads 24 contact the subsidiary data pads 88, pixel elec-
trodes 82, and subsidiary gate pads 84 by interposing the first
and second low resistance conductive layers 200 and 600, the
contact resistance at the contact area can be minimized while
giving reliability to the pad portions. In this way, the display
characteristics of the resulting display device can be
enhanced.

A method of fabricating the thin film transistor array panel
is explained with reference to FIGS. 3 to 8B as well as FIGS.
1and2.

A conductive layer 20 is deposited onto an insulating sub-
strate 10 through sputtering. According to an embodiment of
the present invention, the conductive layer 20 is preferably
formed of aluminum/neodymium alloy. The sputtering is pre-
formed in a sputtering chamber mounted with a low resis-
tance aluminum/neodymium (AVNd) alloy target while sup-
plying argon gas therein. Thereafter, a first low resistance
conductive layer 200 is formed on the conductive layer 20
through reactive sputtering with the addition of nitrogen gas.
According to anembodiment of the present invention, the first
low resistance conductive layer 200 preferably includes an
aluminum nitride layer, an aluminum alloy nitride layer, or
aluminum/neodymium alloy nitride layer. A ratio of the argon
gas to the nitrogen gas supplied into the sputtering chamber is
controlled to have conductivity of the first low resistance
conductive layer 200, and a thickness of the first low resis-
tance conductive layer 200 is controlled to be patterned
through wet or dry etching together with the underlying con-
ductive layer 20. According to an embodiment of the present
invention, the first low resistance conductive layer 200 is
continuously deposited onto the conductive layer 20 without
vacuum break, thereby preventing the forming of ahigh resis-
tance layer, such as an Al,O, layer, on the conductive layer 20
(in air). If such a high resistance layer is formed, contact
resistance is increased.

Thereafter, referring to FIGS. 4A and 4B, the conductive
layer 20 and the first low resistance conductive layer 200 are
simultaneously patterned to thereby form a gate line assem-
bly overlaid with the first low resistance conductive layer 200.
The gate line assembly includes gate lines 22, gate electrodes
26, and gate pads 24.

Referring to FIGS. 5A and 5B, a gate insulating layer 30,2
semiconductor layer 40 formed with an amorphous silicon
and a doped amorphous silicon-based layer 50 are sequen-
tially deposited onto the insulating substrate 10. The semi-
conductor layer 40 and the doped amorphous silicon layer 50
are patterned using a mask to thereby form a semiconductor
layer 40 and an ohmic contact layer 50 on the gate insulating
layer 30 over the gate electrodes 26.

Referring to FIG. 6, a lower layer 601 is deposited onto the
substrate 10 with molybdenum, molybdenum/tungsten alloy
or chrome in a thickness of about 300 A, and an upper layer
602 1s deposited onto the lower layer 601 with aluminum/
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neodymium alloy in a thickness of about 2500 A. A second
low resistance conductive layer 600 is continuously deposited
onto the upper layer 602 through reactive sputtering within
the same sputtering chamber for forming the lower layer 601
and the upper layer 602 under the vacuum atmosphere while
supplying nitrogen gas therein. According to an embodiment
ofthe present invention, the second low resistance conductive
layer 600 is preferably formed with aluminum/neodymium
alloy nitride. In this way, the forming of a high resistance
layer such as an Al, O, layer on the upper layer 602, such as
Al/Ndlayer 602 inair is prevented. If the high resistance layer
1s formed, contact resistance at the contact area is increased
for subsequent processing steps.

Referring to FIGS. 7A and 7B, the second low resistance
conductive layer 600, the upper layer 602, and the lower layer
601 are patterned through photolithography using a mask (not
shown) to thereby form a data line assembly overlaid with a
second low resistance conductive layer 600. According to an
embodiment of the present invention, the upper layer 602 and
the lower layer 601 can be etched through wet etching. Alter-
natively, the upper layer 602 is etched through wet etching,
whereas the lower layer 601 is etched through dry etching. In
case the lower layer 601 is formed with molybdenum or
molybdenum/tungsten alloy, the lower layer 601 and the
upper layer 602 are preferably patterned through wet etching
together.

Thereafter, the doped amorphous silicon layer 50 (in FIG.
6) exposed by etching the second low resistance conductive
layer 600, the upper layer 602 and the lower layer 601 is
etched to form separated two ohmic contact layers 55 and 56
around the gate electrode 26 while exposing the semiconduc-
tor layer 40 over the gate electrode 26. According to an
embodiment of the present invention, an oxygen plasma pro-
cess is further performed to stabilize the surface of the
exposed semiconductor layer 40.

Next, referring to FIGS. 8A and 8B, a protective layer 70 is
formed onto the substrate 10 with silicon nitride or an organic
insulating material, and patterned together with the gate insu-
lating layer 30 through dry etching until the first and second
low resistance conductive layers 200 and 600 are exposed to
thereby form contact holes 74, 76, and 78 exposing the first
and second low resistance conductive layers 200 and 600 over
the gate pads 24, the drain electrodes 66 and the data pads 68.

Finally, referring back to FIGS. 1and 2, a transparent layer
such as an I70 layer is deposited onto the substrate 10, and
patterned using a mask to thereby form pixel electrodes 82,
and subsidiary gate and data pads 86 and 88. The pixel elec-
trodes 82 are electrically connected to the drain electrodes 66
while contacting the second low resistance conductive layer
600 over the drain electrodes 66 through the contact holes 76.
The subsidiary gate and data pads 86 and 88 are electrically
connected to the first and second low resistance conductive
layers 200 and 600 over the gate pads 24 and the data pads 68
through the contact holes 74 and 78.

As described above, the first and second low resistance
conductive layers 200 and 600 having nitrogen are deposited
onto the gate line assembly and the data line assembly,
respectively, without a break in vacuum, thereby preventing
air exposure and the forming ofa high resistance layer such as
an aluminum oxide layer on the conductive layer. Accord-
ingly, the thin film transistor array panel according to an
embodiment of the present invention can be fabricated with-
out affect from variations in the processing conditions. The
connection of the pixel electrode 82 to the drain electrode 66
is made by interposing the second low resistance conductive
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layer 600 while minimizing the contact resistance at the con-
tact area. In this way, the contact area including the pad
portions operates reliability.

The above-decreased process can also be made using four
masks. The four mask-based processing will now be
explained with reference to FIGS. 9 to 11.

FIG. 9 is aplan view of a thin film transistor array panel for
a liquid crystal display according to another preferred
embodiment of the present invention, and FIGS. 10 and 11 are
cross sectional views of the thin film transistor array panel
taken along the X-X' line and the XI-XT line of FIG. 9.

Referring to FIG. 9, a gate line assembly is formed on an
insulating substrate 10. According to an embodiment of the
present invention, the gate assembly includes a first conduc-
tive layer having aluminum, aluminum alloy, or aluminum/
neodymium alloy. The gate line assembly further includes a
second conductive layer having molybdenum or molybde-
num alloy. The gate line assembly includes gate lines 22, gate
pads 24, and gate electrodes 26. The gate line assembly fur-
ther includes storage capacitor electrodes 28 proceeding par-
allel to the gate lines 22 to receive common electrode voltages
from the outside. The storage capacitor electrodes 28 are
overlapped with storage capacitor conductive patterns 64
connected to pixel electrodes 82 to be described later to
thereby form storage capacitors for enhancing the electrical
potential storage capacitance of the pixels. In case a sufficient
storage capacitance is obtained by way of overlapping of the
pixel electrodes 82 with the gate lines 22, the storage capaci-
tor electrodes 28 can be omitted.

A firstlow resistance conductive layer 200 is formed on the
gate line assembly. According to an embodiment of the
present invention, the first low resistance conductive layer
200 is preferably formed of an aluminum/neodymium alloy
nitride (Al/Nd/N) layer.

A gate insulating layer 30 is formed on the gate line assem-
bly and the first low resistance conductive layer 200 with
silicon nitride (SiNXx).

Semiconductor patterns 42 and 48 are formed on the gate
insulating layer 30 with hydrogenated amorphous silicon.
Ohmic contact patterns 55, 56 and 58 are formed on the
semiconductor patterns 42 and 48 with amorphous silicon
where n-type impurities such as phosphorous P are doped in
a high concentration.

A data line assembly is formed on the ohmic contact pat-
terns 55, 56, and 58 with including aluminum or aluminum
alloy. The data line assembly includes data lines 62 proceed-
ing in the vertical direction, data pads 68 connected to the
one-sided ends of the data lines 62 to receive image signals
from the outside, source electrodes 65 connected to the data
lines 62, and drain electrodes 66 separated from the source
electrodes 65 around the gate electrodes 26 or the thin film
transistor channel portions C. The storage capacitor conduc-
tive patterns 64 are formed over the storage capacitor elec-
trodes 28. In case the storage capacitor electrodes 28 are
absent, the storage capacitor conductive patterns 64 are also
omitted.

A second low resistance conductive layer 600 is formed on
the data line assembly with a low resistance conductive mate-
rial such as aluminum or aluminum alloy, and nitrogen.

The data line assembly can have a single-layered structure,
or a double-layered structure having a lower layer based on
chrome, molybdenum or molybdenum alloy, and an upper
layer based on aluminum or aluminum alloy.

The ohmic contact patterns 55,56, and 58 lower the contact
resistance between the underlying semiconductor patterns 42
and 48 and the overlying data line assembly while having the
similar shape as the data line assembly. That is, the data line
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ohmic contact pattern 55 has the similar shape as the data
lines 62, the data pads 68, and the source electrodes 65, the
ohmic contact pattern 56 has the similar shape as the drain
electrodes 66, and the ohmic contact pattern 58 has the similar
shape as the storage capacitor conductive pattern 64.

The semiconductor patterns 42 and 48 have the similar
shapeas the data line assembly and the ohmic contact patterns
55, 56, and 57 except for the thin film transistor channel
portions C. Specifically, the storage capacitor semiconductor
pattern 48, the storage capacitor conductive pattern 64, and
the storage capacitor ohmic contact pattern 58 have the simi-
lar shape, but the thin film transistor semiconductor pattern 42
differs in shape from the data line assembly and the remaining
ohmic contact patterns. That is, the source and the drain
electrodes 65 and 66 as well as the data line ohmic contact
pattern 55 and the drain electrode ohmic contact pattern 56
are separated from each other at the thin film transistor chan-
nel portion C, but the thin film transistor semiconductor pat-
tern 42 continuously proceeds at that portion without separa-
tion while forming the thin film transistor channel.

A protective layer 70 is formed over the data line assembly
while covering the second low resistance conductive layer
600. The protective layer 70 has contact holes 76, 78, and 72
exposing the second low resistance conductive layer 600 over
the drain electrodes 66, the data pads 68, and the storage
capacitor conductive patterns 64, respectively, and contact
holes 74 exposing the first low resistance conductive layer
200 over the gate pads 24 together with the gate insulating
layer 30. According to embodiment of the present invention,
the protective layer 70 is preferably formed with silicon
nitride or an acryl-based organic insulating material.

Pixel electrodes 82 are formed on the protective layer 70 to
receive image signals from the thin film transistors and gen-
erate electric fields together with common electrode (not
shown) formed at a counter substrate (not shown). The pixel
electrodes 82 are formed with a transparent conductive mate-
rial such as [Z0. The pixel electrodes 82 are electrically
connected to the drain electrodes 66 through the contact holes
76 via the second low resistance conductive layer 600 to
receive image signals. Furthermore, the pixel electrodes 82
are overlapped with the neighboring gate lines 22 and data
lines 62 to enhance the opening ratio. Alternatively, the over-
lapping can be omitted. The pixel electrodes 82 are electri-
cally connected to the storage capacitor conductive patterns
64 through the contact holes 72 via the second low resistance
conductive layer 600 to transmit image signals thereto. Sub-
sidiary gate and data pads 84 and 88 are formed over the gate
and the data pads 24 and 68, respectively, such that they are
connected to the gate and the data pads 24 and 68 through the
contact holes 74 and 78 via the first and second low resistance
conductive layers 200 and 600. The subsidiary gate and data
pads 84 and 88 have a role of enhancing the adhesion of the
gate and data pads 24 and 68 to external circuits while pro-
tecting the gate and data pads 24 and 68. According to an
embodiment of the present invention, the subsidiary gate and
data pads 84 and 88 can be selectively omitted.

According to an embodiment of the present invention, in
the case of a reflective type liquid crystal display, the pixel
electrodes 82 can be formed with an opaque conductive mate-
rial.

A method of fabricating the liquid crystal display using
four mask is described with reference to FIGS. 12A to 18C as
well as FIGS. 9to 11.

Referring to FIGS. 12A to 12C, a gate line assembly con-
ductive layer and a first low resistance conductive layer 200
are sequentially deposited onto a substrate 10, and patterned
through photolithography using a first mask (not shown) to

5

15

20

25

30

35

40

45

50

60

65

10

thereby form a gate line assembly overlaid with a first low
resistance conductive layer 200. The gate line assembly
includes gate lines 22, gate pads 24, gate electrodes 26, and
storage capacitor electrodes 28.

Thereafter, referring to FIGS. 13A and 13B, a gate insu-
lating layer 30 having a thickness of about 1500 A to about
5000 A, a semiconductor layer 40 having a thickness of about
500 A to 2000 A and a doped amorphous silicon layer 50
having a thickness of about 300 A to about 600 A are sequen-
tially deposited onto the substrate through chemical vapor
deposition. A data line assembly conductive layer 60 such as
aluminum or aluminum alloy, and a second low resistance
conductive layer 600 are sequentially deposited on the doped
amorphous silicon layer 50 through sputtering. A photoresist
film 110 is then coated onto the low resistance conductive
layer having a thickness of about 1 pm to about 2 um.

Referring to FIGS. 14B and 14C, the photoresist film 110
is exposed to light through a second mask, and developed to
thereby form a photoresist pattern with first and second pho-
toresist pattern portions 114 and 112. The first photoresist
pattern portion 114 placed at a thin film transistor channel
area C between source and drain electrodes 65 and 66 is
established to have a thickness smaller than that of the second
photoresist pattern portion 112 placed at a data line assembly
area A. The photoresist film 110 (FIGS. 13A and 13B) placed
at the remaining area B is all removed. The thickness ratio of
the first photoresist pattern portion 114 to the second photo-
resist pattern portion 112 should be controlled depending
upon the processing conditions in the subsequent etching
process. According to an embodiment of the present inven-
tion, the thickness of the first photoresist pattern portion 114
is preferably formed to be about ¥2 or less of that of the second
photoresist pattern portion 112. For instance, the thickness of
the first photoresist pattern portion 114 can be formed to be
about 4000 A or less.

According to an embodiment of the present invention, to
differentiate the thickness of the photoresist film 110, various
masks can be used. The masks include a slit, a lattice pattern,
or a semitransparent film to control an amount of light trans-
mission.

In the case ofusing the slit or lattice pattern, it is preferable
that the width of slit or lattice should be smaller than the light
decomposition capacitance of a light exposure apparatus. In
the case of using the semitransparent film, the semitranspar-
ent film can have at least two thin films having different light
transmission or thickness to control light transmission rate.

When the photoresist film is exposed to light through the
mask, the high molecules of the photoresist film 110 entirely
exposed to light are completely decomposed. Those of the
photoresist film corresponding to the slit pattern or the semi-
transparent film of the mask are decomposed at some degree,
and those of the photoresist film blocked from the mask are
not decomposed. When the photoresist film 110 after expos-
ing to the light is developed, the portions where the high
molecules are not decomposed are left over while being dif-
ferentiated in thickness depending upon the degree of
molecular decomposition. In case the light exposing time is
long, all the molecules of the photoresist film can be decom-
posed.

Alternatively, the first photoresist pattern portion 114 hav-
ing a relatively thin thickness can be formed using a photo-
resist film capable of reflow. The photoresist film is exposed
to light through a usual mask with alight transmission portion
and a light interception portion. The light-exposed photore-
sist film is then developed, and made the reflow such that the
film portion is partially flown to the non-film area.
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The first photoresist pattern portion 114, the underlying
second low resistance conductive layer 600, the data line
assembly conductive layer 60, the doped amorphous silicon
layer 50, and the semiconductor layer 40 are then etched. At
this time, the data line assembly conductive layer 60 and the
underlying layers are left over at the data line assembly area
A, only the semiconductor layer 40 is left over at the channel
area C, and the data line assembly conductive layer 60, the
doped amorphous silicon layer 50, and the semiconductor
layer 40 are all removed at the remaining area B while expos-
ing the underlying gate insulating layer 30.

First, referring to FIGS. 15A and 15B, the second low
resistance conductive layer 600 and the data line assembly
conductive layer 60 exposed at the B area are removed while
exposing the underlying doped amorphous silicon layer 50.
According to an embodiment of the present invention, dry
etching or wet etching can be used when the second low
resistance conductive layer 600 and the data line assembly
conductive layer 60 are etched. During the etching process,
the photoresist pattern portions 112 and 114 are not etched.
However, when the data line assembly conductive layer 60 is
formed with chrome (Cr), wet etching is preferably used.
According to an embodiment of the present invention, wet
etching solution including CeNHOj is preferably used for
etching the Cr-based conductive layer 60. For the dry etching
for the Mo or Mo W-based conductive layer 60, a mixture gas
such as CF, and HCl or CF, and O, is preferably used as an
etching gas. In the latter case, the etching rates thereof with
respect to the photoresist film are nearly the same.

Consequently, as shown in FIGS. 15A and 15B, a source/
drain conductive pattern 67, a storage capacitor conductive
pattern 64 and a second low resistance conductive layer 600 at
the channel area C and the data line assembly area A are left
over, whereas a conductive layer 60 and a second low resis-
tance conductive layer 600 at the B area are all removed while
exposing the underlying doped amorphous silicon layer 50.
At this time, the conductive patterns 67 and 64 have a similar
shape as the data line assembly except that source and the
drain electrodes 65 and 66 are not yet separated from each
other. Furthermore, when the dry etching is performed, the
photoresist pattern portions 112 and 114 are also removed at
some degree.

Referring to FIGS. 16A and 16B, the doped amorphous
silicon layer 50 (FIGS. 15A and 15B) exposed at the B area
and the underlying semiconductor layer 40 are simulta-
neously removed through dry etching together with the first
photoresist pattern portion 114. At this time, the photoresist
pattern portions 112 and 114, the doped amorphous silicon
layer 50, and the semiconductor layer 40 (the ohmic contact
layer and the semiconductor layer having no etching selec-
tivity) are simultaneously etched, whereas the gate insulating
layer 30 is not etched. According to an embodiment of the
present invention, the etching rates with respect to the pho-
toresist patterns 112 and 114 and the semiconductor layer 40
are preferably similar. When a mixture gas of SF¢ and HCI or
SF.and O, is used as the etching gas, it is possible to etch the
photoresist pattern 112 (or 114) and the semiconductor layer
40 by substantially the same thickness. When the etching
rates with respect to the photoresist patterns 112 and 114 and
the semiconductor layer 40 are the same or substantially the
same, the thickness of the first photoresist pattern 114 is
preferably the same as or less than the sum in thickness of the
semiconductor layer 40 and the doped amorphous silicon
layer 50.

Consequently, as shown in FIGS. 16A and 16B, the first
photoresist pattern portion 114 at the channel area C is
removed while exposing the second low resistance conduc-
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tive layer 600 over the source/drain conductive pattern 67.
The doped amorphous silicon layer 50 and the semiconductor
layer 40 at the B area are removed while exposing the under-
lying gate insulating layer 30. Meanwhile, as the second
photoresist pattern portion 112 at the data line assembly area
A is also etched, the thickness thereof becomes thinner. Fur-
thermore, in this process, semiconductor patterns 42 and 48
are formed. Reference numeral 57 indicates doped amor-
phous silicon layer pattern under the source/drain conductive
pattern 67 and the storage capacitor conductive pattern 64,
respectively.

The photoresist residue on the second low resistance con-
ductive layer 600 over the source/drain conductive pattern 67
at the channel area C is removed through ashing.

Referring to FIGS. 17A and 17B, the second low resistance
conductive layer 600, the source/drain conductive pattern 67
and the doped amorphous silicon layer pattern 57 are
removed through etching using second photoresist patterns
112 as masks. According to an embodiment of the present
invention, dry etching is performed with respect to both of the
source/drain conductive pattern 67 and the doped amorphous
silicon layer pattern 57. It is also possible that wet etching is
performed with respect to the source/drain conductive pattern
67, and dry etching with respect to the doped amorphous
silicon layer pattern 57. In the former case, it is preferable that
the etching selectivity of the source/drain conductive pattern
67 to the doped amorphous silicon layer pattern 57 is high. In
case the etching selectivity is not great, it becomes difficult to
find the end point of etching and to control the thickness of the
semiconductor pattern 42 left over at the channel area. Forthe
dry etching, a mixture gas of SF, and O, is preferably used as
the etching gas for the source/drain conductive pattern 67. A
mixture gas of CF, and HCl or CF, and O, can be preferably
used as the etching gas for the doped amorphous silicon layer
pattern 57 and the semiconductor pattern 42. When the mix-
ture gas of CF, and O, is used for the etching gas, the semi-
conductor pattern 42 can have a uniform thickness. At this
time, as shown in FIG. 17B, the semiconductor pattern 42 is
partially removed through the etching, and the second pho-
toresist pattern portions 112 is also etched by a predetermined
thickness. The etching should be performed in condition that
the gate insulating layer 30 is not etched. It is preferable that
the thickness of the second photoresist pattern 112 is so thick
as to not expose the underlying data line assembly through the
etching.

As aresult, source electrodes 65 and the drain electrodes 66
are formed to separate from each other, and the data line
assembly and the underlying ohmic contact patterns 55, 56,
and 58 are completed.

Finally, the second photoresist pattern portion 112
remained at the data line assembly area A is removed. The
removal of the second photoresist pattern portion 112 can be
performed after the source/drain conductive pattern 67 at the
channel area C is removed before the removal of the under-
lying doped amorphous silicon layer pattern 57.

After the data line assembly is formed while being overlaid
with the second low resistance conductive layer 600, as
shown in FIGS. 18A to 18C, a protective layer 70 having a
thickness of about 3000 A or more is formed through depos-
iting a silicon nitride layer by way of chemical vapor depo-
sition (CVD) or spin-coating with an organic insulating film.
The protective layer 70 is etched together with the gate insu-
lating layer 30 using a third mask to thereby form contact
holes 76, 74, 78, and 72 exposing the first and second low
resistance conductive layers 200 and 600 over the drain elec-
trodes 66, the gate pads 24, the data pads 68, and the storage
capacitor conductive patterns 64, respectively.
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Finally, referring back to FIGS. 9to 11, an IZO-based layer
having a thickness of about 400 A to about 500 A is deposited
on the protective layer 70 having the contact holes 76, 74, 78,
and 72, and etched using a fourth mask to thereby form pixel
electrodes 82, and subsidiary gate and data pads 84 and 88.
The pixel electrodes 82 are electrically connected to the drain
electrodes 66 and the storage capacitor conductive patterns 64
through the contact holes 76 and 72, respectively, via the
second low resistance conductive layer 600. The subsidiary
gate and data pads 84 and 88 are connected to the gate and the
data pads 24 and 68 through the contact holes 74 and 78 via
the first and second low resistance conductive layers 200 and
600, respectively.

In this preferred embodiment, the data line assembly, and
the underlying ohmic contact patterns 55, 56, and 58 and
semiconductor patterns 42 and 48 are formed using one mask
while separating the source and the drain electrodes 65 and 66
from each other, thereby simplifying the processing steps.

As described above, a low resistance conductive layer
including nitrogen and aluminum is continuously deposited
(without vacuum break) onto a wiring line assembly conduc-
tive layer including aluminum, thereby minimizing or avoid-
ing the possibility of forming a high resistance oxide layer
such as an aluminum oxide layer. In this way, the processing
conditions can be uniformly designed while minimizing the
contact resistance at a contact area, thereby ensuring reliabil-
ity at the contact area. Furthermore, the wiring line assembly
is formed with a low resistance material such as aluminum
and aluminum alloy, thereby enhancing the performance
characteristics of the wide-screened high definition display
device.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the appended
claims.

What is claimed is:

1. A liquid crystal display comprising:

a substrate;

a first signal line assembly formed over the substrate,
wherein the first signal line assembly comprises a first
signal line, a first pad connected to the first signal line, a
gate electrode connected to the first signal line, and a
conductive electrode;

a first nitrogen containing layer formed on the first signal
line, the first pad, the gate electrode and the conductive
electrode of the first signal line assembly to reduce for-
mation of a high resistance oxide layer on the first signal
line assembly;

a second signal line assembly formed with a lower layer
and an upper layer comprising a second signal line intet-
secting and insulated from the first signal line, a second
pad, a source electrode, a drain electrode and a conduc-
tive pattern;

a second nitrogen containing layer formed on the second
signal line, the second pad, the source electrode, the
drain electrode and the conductive pattern of the second
signal line assembly, wherein the second nitrogen con-
taining layer reduces formation of a high resistance
oxide layer on the second signal line assembly;

a protective layer formed over the second signal line
assembly;

a first contact hole formed in the protective layer exposing
the drain electrode; and
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a pixel electrode formed over the protective layer, the pixel
electrode being electrically connected to the drain elec-
trode through the first contact hole,

wherein the first and second nitrogen containing layers
comprise one of an aluminum nitride layer, an aluminum
alloy nitride layet, and an aluminum/neodymium alloy
nitride layer.

2. The liquid crystal display of claim 1, wherein the pixel

electrode is formed of indium zinc oxide.

3. A liquid crystal display comprising:

a substrate;

a first signal line assembly formed over the substrate,
wherein the first signal line assembly comprises a first
signal line, a first pad connected to the first signal line, a
gate electrode connected to the first signal line, and a
conductive electrode;

a first nitrogen containing layer formed on the first signal
line, the first pad, the gate electrode and the conductive
electrode of the first signal line assembly to reduce for-
mation of a high resistance oxide layer on the first signal
line assembly;

a second signal line assembly formed with a lower layer
and an upper layer comprising a second signal tine inter-
secting and insulated from the first signal tine, a second
pad, a source electrode, a drain electrode and a conduc-
tive pattern;

a second nitrogen containing layer formed on the second
signal line, the second pad, the source electrode, the
drain electrode and the conductive pattern of the second
signal line assembly, wherein the second nitrogen con-
taining layer reduces formation of a high resistance
oxide layer on the second signal line assembly; and

a pixel electrode formed over a protective layer, the pixel
electrode being electrically connected to the second sig-
nal line assembly,

wherein the first and second nitrogen containing layers
comprise one of an aluminum nitride layer, an aluminum
alloy nitride layer, and an aluminum/neodymium alloy
nitride layer.

4. The liquid crystal display of claim 1, further comprising:

a second contact hole formed in the protective layer expos-
ing the first pad; and

a third contact hole formed in the protective layer exposing
the second pad,

wherein the first pad is electrically connected to a third pad
through the second contact hole and the second pad is
electrically connected to a fourth pad through the third
contact hole.

5. A thin film transistor array panel, comprising:

a substrate;

a gate line assembly formed on the substrate, the gate line
assembly including a gate line, gate pad, gate electrode
and conductive electrode;

a first low resistance conductive layer formed on the gate
line, gate pad, gate electrode and conductive electrode;

a gate insulating layer formed on the first low resistance
conductive layer and the substrate;

a semiconductor pattern formed on the gate insulating
layer;

an ohmic contact pattern formed on the semiconductor
pattern;

a data line assembly formed on the ohmic contact pattern,
the data line assembly including a data line, data pad,
source electrode, drain electrode and conductive pattern;

a second low resistance conductive layer formed on the
data line, data pad, source electrode, drain electrode and
conductive pattern;
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a protective layer formed on the second low resistance
conductive layer and the gate insulating layer, the pro-
tective layer having a first contact hole exposing a por-
tion of the second low resistance conductive layer on the
conductive pattern and a second contact hole exposing a
portion of the second low resistance conductive layer on
the drain electrode; and

a pixel electrode formed on the protective layer, the pixel
electrode electrically connected to the drain electrode
through the second contact hole and the conductive pat-
tern through the first contact hole.

6. A thin film transistor array panel, comprising:

a substrate;

a gate line assembly formed on the substrate, the gate line
assembly including a gate pad, a gate electrode, a gate
line and a conductive electrode;

a first low resistance conductive layer including aluminum
nitride, aluminum alloy nitride or aluminum/neody-
mium alloy nitride being formed on the gate pad, the gate
electrode, the gate line and the conductive electrode;

a gate insulating layer formed on the first low resistance
conductive layer and the substrate;

adataline assembly formed on the gate insulating layer, the
data line assembly including a data line, a data pad, a
source electrode, a drain electrode and a conductive
pattern;

aprotective layer formed on the data line assembly and the
gate insulating layer, the protective layer having a first
contact hole exposing the drain electrode; and
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a pixel electrode formed on the protective layer, the pixel
electrode being electrically connected to the drain elec-
trode through the first contact hole.

7. The thin film transistor array panel of claim 6, further

comprising:

a second low resistance conductive layer including alumi-
num nitride, aluminum alloy nitride or aluminum/
neodymium alloy nitride being formed on the data line,
the data pad, the source electrode, the drain electrode
and the conductive pattern.

8. The thin film transistor array panel of claim 7, wherein
the first contact hole is formed over the second low resistance
conductive layer formed on the drain electrode, and wherein
the second low resistance conductive layer formed on the
drain electrode reduces a contact resistance between the drain
electrode and the pixel electrode connected thereto.

9. The thin film transistor array panel of claim 8, wherein
the protective layer further comprises a second contact hole
formed over the gate pad and a third contact hole formed over
the data pad,

wherein a subsidiary gate pad is connected to the gate pad
through the second contact hole and a subsidiary data
pad is connected to the data pad through the third contact
hole, and

wherein the first low resistance conductive layer reduces a
contact resistance between the subsidiary gate pad and
the gate pad and the second low resistance conductive
layer reduces a contact resistance between the subsid-
iary data pad and the data pad.
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