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(57) ABSTRACT

A liquid crystal display device includes a substrate, a gate
electrode disposed on the substrate, a gate pad disposed on the
substrate, an insulating film disposed on the gate electrode
and the gate pad, an active layer disposed on the insulating
film above the gate electrode, an ochmic contact layer disposed
on portions of the active layer, a source electrode and a drain
electrode disposed on the ohmic contact layer, a passivation
layer disposed on the source and drain electrodes, a pixel
electrode disposed on the passivation layer and contacting the
drain electrode, and a transparent electrode disposed on the
passivation layer and contacts the gate pad, wherein the gate
electrode and the gate pad both include a first layer formed of
a first metal and a second layer formed of an alloy of the first
metal and a second metal disposed at an upper surface of the
first layer.
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LIQUID CRYSTAL DISPLAY DEVICE AND
FABRICATING METHOD THEREOF

[0001] Thepresent application claims the benefit of Korean
Patent Application No. P2000-45947 filed in Korea on Aug. 8,
2000, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention generally relates to a display
device and, more particularly, to a liquid crystal display
device and a fabricating method thereof.

[0004] 2. Description of the Related Art

[0005] Generally, liquid crystal display (LCD) devices con-
trol light transmissivity of liquid crystal cells in response to
video signals to display animage. Active matrix LCDs having
a switching device for each liquid crystal cell is suitable for
displaying moving pictures. In active matrix LCDs, thin film
transistors (TFT) are typically used as the switching device.
For example, an LCD may include thin film transistors
(TFTs) provided at each intersection between gate lines and
data lines, a lower substrate including pixel electrodes con-
nected to TFTs, an upper substrate including color filters, and
liquid crystals injected between the upper and lower sub-
strates. The TFT comprises a gate electrode, a gate insulating
film, an active layer, and source and drain electrodes and
switch a data signal from the data line to the pixel electrode in
response to a gate signal received from the gate line to drive
the liquid crystal cell.

[0006] FIGS. 1A to 1E show a method of fabricating a
lower substrate of a conventional LCD and, in particular, a
TFT and a gate pad portion.

[0007] InFIG. 1A, a gate metal layer is deposited onto a
transparent substrate 10 to have athickness ofabout 2000A by
a sputtering process, for example. A high conductivity alumi-
num alloy such as aluminum-neodenium (AINd) is usually
used as the gate metal layer. Subsequently, the gate metal
layer is patterned by photolithographic and wet etching pro-
cesses to form gate patterns including a gate electrode 12 and
a gate pad 14.

[0008] In FIG. 1B, a gate insulating film 16 is formed
entirely upon the transparent substrate 10 including the gate
patterns. The gate insulating film 16 may be made of silicon
oxide (SiO,) or silicon nitride (SiN,), for example. A semi-
conductor layer and a semiconductor layer doped with an
impurity are sequentually deposited upon the gate insulating
film 16 by a chemical vapor deposition (CVD) process, for
example. Then, the semiconductor layer and the semiconduc-
tor layer doped with an impurity are patterned by photolitho-
graphic and dry etching processes to form an active layer 18
and an ohmic contact layer 20.

[0009] In FIG. 1C, a source/drain metal material is depos-
ited upon the gate insulating film 16 including the active layer
18 and the ohmic contact layer 20 by a sputtering process, for
example. The source/drain metal material includes chrome
(Cr), molybdenum (Mo), titanium (Ti) or tantalum (Ta), or a
molybdenum alloy such as molybdenum-tungsten (MoW),
molybdenum-tantalum (MoTa) or molybdenum-niobium
(MoNb). The source/drain metal layer is patterned by photo-
lithographic and wet etching processes to form source/drain
patterns that include a data line (not shown), a data pad (not
shown), a source electrode 22, and a drain electrode 24. Then,
a portion of the ohmic contact layer 20 that is exposed
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between the source electrode 22 and the drain electrode 24 is
removed by a dry etching process to electrically separate the
source electrode 22 from the drain electrode 24.

[0010] InFIG.1D,apassivationlayer26 is formed uponthe
gate insulating film 16 including the source/drain patterns.
The passivation layer 26 is made of an organic material such
as silicon nitride or silicon oxide, for example, or an inorganic
material such as an acrylic organic compound, BCB (benzo-
cyclobutene), PFCB (perfluorocyclobutane), for example.
The passivation layer 26 is patterned by photolithographic
and dry etching processes to form a contact hole exposing a
portion of the drain electrode 24 and to form a contact hole
exposing a portion of the gate pad 14 and a data pad (not
shown).

[0011] InFIG. 1E, a transparent electrode layer is formed
upon the passivation layer 26 by a deposition technique such
as sputtering, for example. The transparent electrode layer is
made from indium-tin-oxide (ITO) or indium-zinc-oxide
(IZ0), for example. Then, the transparent layer is patterned
by photolithographic and etching processes to form a pixel
electrode 28 and a protective electrode 30. The pixel electrode
28 is electrically connected to the drain electrode via the
contact hole previously formed in the passivation layer 26.
The protective electrode 30 is connected to the gate pad 14 via
the contact hole previously formed in the passivation layer 26.
[0012] In such a conventional LCD device, an aluminum
alloy material with high electrical conductivity is generally
used as a material for forming the gate metal electrode. Since
unalloyed aluminum has problems associated with hillock
formation and diffusion into adjoining materials, an alumi-
num alloy such as AINd, for example, has been used. How-
ever, such an aluminum alloy metal creates a large electrical
contact resistance between the pixel electrode and the trans-
parent electrode. Accordingly, the gate metal electrode uti-
lizes a double metal layer structure including material com-
binations such as Mo/AINd, Mo/Al or Cr/AINd containing
Mo or Cr, for example, which has improved electrical contact
resistance with respect to materials used for forming the
transparent electrode.

[0013] FIGS. 2A to 2E show a method of fabricating a
lower substrate of an LCD employing a double gate metal
layer.

[0014] InFIG. 2A, afirst gate metal layer of an aluminum
alloy metal is deposited entirely upon the transparent sub-
strate 10 and then patterned to form a first gate pattern 31.
Then, a second gate metal layer of an improved electrical
contact resistance material such as Mo or Cr, for example, is
deposited entirely upon the first gate pattern 31 and then
patterned to form a second gate pattern 33. Accordingly, the
gate electrode 34 and the gate pad 36 are formed to both
include the first gate pattern 31 and the second gate pattern 33.
[0015] In FIG. 2B, the gate insulating film 16 is formed
entirely upon the transparent substrate 10 including the gate
electrode 34 and the gate pad 36. A semiconductor layer and
a semiconductor layer doped with an impurity are sequentu-
ally deposited onto the gate insulating film 16 and then pat-
terned to form the active layer 18 and the ohmic contact layer
20.

[0016] InFIG. 2C, a source/drain metal layer is deposited
entirely upon the gate insulating film 16 including the active
layer 18 and the ohmic contact layer 20 and then patterned to
form source/drain patterns that includes the data line (not
shown), the data pad (not shown), the source electrode 22, and
the drain electrode 24. Then, a portion of the ohmic contact
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layer 20 that is exposed between the source electrode 22 and
the drain electrode 24 is removed by a dry etching process to
electrically separate the drain electrode 24 from the source
electrode 22.

[0017] In FIG. 2D, the passivation layer 26 is deposited
entirely on the gate insulating film 16 and the source/drain
patterns. The passivation layer is then patterned to form a
contact hole for exposing a portion of the drain electrode 24
and to form a contact hole exposing portions of the gate pad
36 and the data pad (not shown).

[0018] InFIG. 2E, atransparent electrode layer is deposited
entirely upon the passivation layer 26 and then patterned to
form the pixel electrode 28 and the protective electrode 30.
The pixel electrode 28 is connected to the drain electrode via
the contact hole previously formed in the passivation layer 26.
The protective electrode 30 is electrically connected to the
gate pad 36 via the contact hole previously formed in the
passivation layer 26 and the gate insulating film 16.

[0019] As described above, the gate metal layer includes
the first gate metal layer formed of an aluminum-alloy metal
and the second gate metal layer that provides an improved
electrical contact resistance, thereby reducing an electrical
contact resistance between the gate pad 36 and the transparent
electrode 30. However, two masking processes are required to
form the gate metal into a double metal layer structure. The
masking processes generally include a plurality of processes
such as deposition, cleaning, photoresist coating, exposure,
development, etching, photoresist stripping and inspection.
Therefore, using a two mask process to form the gate elec-
trode and the gate pad with a double layer structure is prob-
lematic since the large number of additional processes can
create a bad process ratio and increase manufacturing costs.

SUMMARY OF THE INVENTION

[0020] Accordingly, the present invention is directed to a
liquid crystal display device and a fabricating method thereof
that substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0021] An object of the present invention is to provide a
liquid crystal display device and a fabricating method thereof
that requires fewer masking steps.

[0022] Another object of the present invention is to provide
a liquid crystal display device and a fabricating method
thereof with an improved yield ratio and low cost.

[0023] 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. The objectives and other advantages
of the invention will be realized and attained by the structure
and method particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0024] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described, a liquid crystal display device includes a
conductive line in electrical contact with a transparent elec-
trode having a first metal layer formed from a first metal and
an alloy layer formed from an alloy of the first metal and
another metal is disposed at am upper portion of the first metal
layer.

[0025] In another aspect, a method of fabricating a liquid
crystal display device includes the steps of forming a first
metal layer of a first metal on a substrate, forming a second
metal onto the first metal layer to form an alloy layer formed
from an alloy including the first metal and a second metal
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disposed between the first metal and the second metal, remov-
ing the second metal on the alloy layer, patterning the first
metal layer using a mask process to form a conductive line,
forming an insulating film having a contact hole on the alloy
layer, and forming a transparent electrode in electrical contact
with the alloy layer via the contact hole.

[0026] In another aspect of the present invention, a liquid
crystal display device includes a substrate, a gate electrode
disposed on the substrate, a gate pad disposed on the sub-
strate, an insulating film disposed on the gate electrode and
the gate pad, an active layer disposed on the insulating film
above the gate electrode, an ohmic contact layer disposed on
portions of the active layer, a source electrode and a drain
electrode disposed on the ohmic contact layer, a passivation
layer disposed on the source and drain electrodes, a pixel
electrode disposed on the passivation layer and contacting the
drain electrode, and a transparent electrode disposed on the
passivation layer and contacts the gate pad, wherein the gate
electrode and the gate pad both include a first layer formed of
a first metal and a second layer formed of an alloy of the first
metal and a second metal disposed at an upper surface of the
first layer.

[0027] Tt is 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

[0028] Theaccompanying drawings, which are intended to
provide 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:

[0029] FIGS. 1A to 1E are section views showing a con-
ventional method of fabricating a liquid crystal display;
[0030] FIGS. 2A to 2E are section views showing a con-
ventional method of fabricating a liquid crystal display
employing a double gate metal layer;

[0031] FIG. 3is a cross-sectional view showing a structure
of a liquid crystal display device according to the present
invention; and

[0032] FIGS. 4A to 4E are cross-sectional views showing a
method of fabricating the liquid crystal display device of FIG.
3

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] FIG. 3isa cross-sectional view showing a structure
of an exemplary liquid crystal display device according to the
present invention, which particularly shows a thin film tran-
sistor part and a gate pad part.

[0034] In FIG. 3, the thin film transistor includes a gate
electrode 51, an insulating film 38, an active layer 40, an
ohmic contact layer 42, and a source electrode 44 and a drain
electrode 46 separately formed on the ohmic contact layer 42.
A passivation layer 48 is formed on the thin film transistor and
apixel electrode 52 is formed on the passivation layer 48. The
pixel electrode 52 contacts the drain electrode via a contact
hole formed in the passivation layer 48.

[0035] Further in FIG. 3, a gate pad portion includes a gate
pad 53 and a transparent electrode 54 in electrical contact
with the gate pad 53 via a contact hole formed in the gate
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insulating film 38 and the passivation layer 48. Gate patterns
including the gate electrode 51 and the gate pad 53 include a
first metal layer 50 of Al-alloy metal, and an alloy layer S0A
that is made from an alloy of aluminum and a metal having
low electrical contact resistance and formed at an upper por-
tion of the first metal layer 50. The first metal layer 50 is made
from an aluminum alloy, such as AINd, and the alloy layer
50A is formed from an alloy of the first metal layer together
with Mo or Cr. The alloy layer 50A is made by forming a
second metal layer of Mo or Cr on the first metal layer 50 and
then removing the second metal layer. Moreover, the alloy
layer 50A is formed within the first metal layer 50 because
Mo (or Cr) causes a chemical reaction between the Al-alloy of
the first metal layer 50 and the Mo (or Cr) when continuously
deposited. This is because molybdenum (or chromium) par-
ticles penetrate into the Al-alloy of the first metal layer due to
heat generated during the deposition process. Accordingly,
the alloy layer S0A remains within the first metal layer 50
even when the second metal layer is removed, thereby reduc-
ing an electrical contact resistance between the gate pad 53
and the transparent electrode 54.

[0036] FIGS. 4A to 4E show a method of fabricating a
liquid crystal display device according to the present inven-
tion.

[0037] 1In FIG. 4A, a first metal layer 50 is formed on the
transparent substrate 32 by a deposition technique such as
sputtering, for example. The first metal layer 50 has a thick-
ness of about 2000 to 3000A, preferably a thickness of 2500A.
Subsequently, a second metal layer of molybdenum (Mo) or
chromium (Cr) is formed on the first metal layer 50 by the
same deposition technique used to form the first metal layer
50. The second metal layer has a thickness of about 100 to
500A, preferably a thickness of 300A. The alloy layer 50A of
the first metal layer 50 and the second metal layer are formed
at an upper portion of the first metal layer 50 by heat gener-
ated during deposition of the second metal layer. Then, the
second metal layer is removed by a dry etching process, for
example. Subsequently, the first metal layer 50 including the
alloy layer 50A is patterned by photolithographic and wet
etching processes, thereby forming gate patterns that include
a gate line (not shown), a gate electrode 51 and a gate pad 53.
[0038] InFIG.4B,a gateinsulating film 38 is formed on the
transparent substrate 32 that has been previously provided
with the gate patterns. The gate insulating film 38 may be
made from a silicon oxide (Si0,) or a silicon nitride (SiN,),
for example. A semiconductor layer and a semiconductor
layer doped with an impurity are continuously deposited onto
the gate insulating film 38 by a chemical vapor deposition
(CVD) process. The semiconductor layer may be made from
amorphous silicon. Then, the semiconductor layer and the
semiconductor layer doped with an impurity are patterned by
photolithographic and dry etching processes, thereby form-
ing an active layer 40 and an ohniic contact layer 42.

[0039] 1In FIG. 4C, a source/drain metal is deposited onto
the gate insulating film 38 and the active layer 40 and the
ohniic contact layer 42 by deposition such as sputtering, for
example. The source/drain metal may be chromium (Cr),
molybdenum (Mo), titanium (Ti) or tantalum (Ta), or a
molybdenum alloy such as MoW MoTa or MoNb. Subse-
quently, the source/drain metal layer is patterned by photo-
lithographic and wet etching processes, thereby forming
source/drain patterns including a data line (not shown), a data
pad (not shown), a source electrode 44 and a drain electrode
46. Then, a portion of the ohmic contact layer 42 that is
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exposed between the source electrode 44 and the drain elec-
trode 46 is removed by a dry etching process, thereby elec-
trically separating the source electrode 44 from the drain
electrode 46.
[0040] InFIG. 4D, a passivation layer 48 is formed on the
gate insulating film 38 and the source/drain patterns. The
passivation layer 48 may be made from an organic material
(such as silicon nitride or silicon oxide), or an inorganic
material (such as an acrylic organic compound, benzocy-
clobutene (BCB), or perfluorocyclobutane (PFCB)). The pas-
sivation layer 48 is patterned by photolithographic and dry
etching processes, thereby defining a contact hole exposing a
portion of the drain electrode 46 and a contact hole exposing
portions of the gate pad 53 and the data pad (not shown).
[0041] InFIG. 4E, a transparent electrode layer is formed
on the passivation layer 48 by deposition such as sputtering,
for example. The transparent electrode layer may be made
from indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0), for
example. Then, the transparent layer is patterned by photo-
lithographic and etching processes, thereby forming a pixel
electrode 52 and a transparent electrode 54. The pixel elec-
trode 52 is connected to the drain electrode 46 via the contact
hole formed in the passivation layer 48. The transparent elec-
trode 54 is connected to the gate pad 53 via the contact hole
formed in the passivation layer 48 and the gate insulating film
38. In this case, the transparent electrode 54 may be made
froma transparent material in contact with the alloy layer 50A
of the gate pad 53 to reduce an electrical contact resistance
between the transparent electrode 54 and the gate pad 53.
[0042] In accordance with the LCD device described
above, an electrode metal layer is formed in a double layer
structure without requiring additional masking processes.
Accordingly, deceased contact resistance between the elec-
trode metal layer and transparent electrode is achieved. More-
over, because fewer masking steps are used, yield ratios are
improved and manufacturing costs are improved.
[0043] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display and method thereof of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention covers the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.
1-7. (canceled)
8. A method of fabricating a liquid crystal display device,
comprising the steps of:
forming a first metal layer of a first metal on a substrate;
forming a second metal onto the first metal layer to form an
alloy layer formed from an alloy including the first metal
and a second metal disposed between the first metal and
the second metal,
removing the second metal on the alloy layer;
patterning the first metal layer using amask process to form
a conductive line;
forming an insulating film having a contact hole on the
alloy layer; and
forming a transparent electrode in electrical contact with
the alloy layer via the contact hole.
9. The method according to claim 8, wherein the first metal
includes an aluminum-alloy.
10. The method according to claim 8, wherein the first
metal layer has a thickness of about 2000 to 3000 A.
11. The method according to claim 8, wherein the second
metal is one of molybdenum and chrome.
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4
12. The method according to claim 11, wherein the second 14. The method according to claim 8, wherein said con-
metal has a thickness of about 100 to 500 A. ductive line includes one of a data line, a source electrode, a
drain electrode, and a data pad.
13. The method according to claim 8, wherein said con- ralusl_;[c)s.c(zzni,elaéa)a dlapa

ductive line includes one of a gate line, a gate electrode, and
a gate pad. ook ow ok
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