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(57) ABSTRACT

The present invention discloses a TFT array substrate that is
fabricated using a four-mask process and a method of
manufacturing that TFT array substrate. The gate line and
gate electrode of the array substrate is surrounded by the
metallic oxide after finishing a first mask process using
thermal treatment. As a result, the gate line and gate elec-
trode are not eroded and damaged by the etchant and stripper
during a fourth mask process. Further, buffering layer can
optionally be formed between the substrate and the gate line
and gate electrode. Thus, silicon ions and oxygen ions
included in the substrate are not diffused into the gate line
and electrode. Accordingly, the line defect such as a line
open of the gate line and gate clectrode is prevented, thereby
preventing inferior goods while increasing the manufactur-
ing vyield.

Wi A I el & & Wy e

LR L R N Y TR e Sy




Patent Application Publication Apr. 11,2002 Sheet 1 of 13 US 2002/0042167 A1

FIG.1
(RELATED ART)

[_// // //
[ e

= [

/AR

L A .




Patent Application Publication Apr. 11,2002 Sheet 2 of 13 US 2002/0042167 A1

FIG.2
(RELATED ART)

FIG3A
(RELATED ART)

N
. 3 T
P - V ;




Patent Application Publication Apr. 11,2002 Sheet 3 of 13 US 2002/0042167 A1

FIG.3B
(RELATED ART)

e e 3

15 ~—— VI |
PN z
A< e S |
i P ¥

! VI VI

] | v /-E-_.. 13

FIG.3C
(RELATED ART)

? X U1
i vm l’[ Vi
FIG.3D
(RELATED ART)

........... [{ ..... -
A1 =11
: X [ X
-« X1




Patent Application Publication Apr. 11,2002 Sheet 4 of 13 US 2002/0042167 A1

FIG.4
(RELATED ART)

31 32

/II.IIIIIIIIII'
I FEIIEOTRETTITTTFPITS.

| e e e A L

FIG.5
(RELATED ART)

tamemismemsmomansn

/ﬂIIILWIIIIIIIIIIIIIIIIIIII]I[IAVI a
N v rr v rrrres s | NN SR vl

e L
2
FIG.6
(RELATED ART)
1g5 39 33 GH 35 3(9
e ™~ f \

22




Patent Application Publication Apr. 11,2002 Sheet 5 of 13

FIG.7
(RELATED ART)
b3
’ 13 i
[
[— ; /1 .............. “—f —l

FIG.8

(RELATED ART)

FiG.S
(RELATED ART)
5 13,
31 i
B 41 C
5 -
7T Pt !
%PY///// P77 2 A e L e A

H

22

US 2002/0042167 Al



Patent Application Publication Apr. 11,2002 Sheet 6 of 13 US 2002/0042167 A1

FI1G.10
(RELATED ART)

] 3
] ]
FIG.11
(RELATED ART)
H
} t
P17

W

f e o o o . o .1

1 4

Z, AAAS S, 2, "4
22

FIG.12A




Patent Application Publication Apr. 11,2002 Sheet 7 of 13 US 2002/0042167 A1

FIG.12B
— TR
13 :
A Y F
o | ] x|
: J E XVT A—~——113
FI1G.12C
15— MHW{“B
L 133 ] 135
| ) =1/ %
! xv ﬁ XVII:
;E ] <—XVII —4:—'—-___113
F1G.12D
131

g
:

-rwimimwrmigdSimswlw s mitn i B i mIB I B ImI s mom



Patent Application Publication Apr. 11,2002 Sheet 8 of 13 US 2002/0042167 A1

FIG.I3A

111

-
UJ
Q

1
+
{
i
1
H
i
H
1
.
]
1
t
L
]
.

—y
>
(o]

FIG.13B

Thermal
treatment

Y LT T
s e,y -

FIG.13C

[

ot

o
p—t
W
cQ

- 0wk v S -




Patent Application Publication Apr. 11,2002 Sheet 9 of 13 US 2002/0042167 A1

FIG.14A

Ry e L

A N NN

JULLLLLLLLS LIS L LLLELL LSS L LALLM AL LA A

100

L

FI1G.14B

1
1
i
1
]
i
i
i
i
i
:

131 113

!

R

FI1G.14C

s ek

RN RN

treatment



Patent Application Publication

Apr. 11, 2002

Sheet 10 of 13

FIG.15

; CH \
i i
i i
' 139 !
i 134 ‘
i i
O - o -
P — - - i

100

FI1G.16

;

i

i

i

i

i

---------

Ll L T T YT ey

3
bk she Licl s e o mem oo ne

US 2002/0042167 Al



Patent Application Publication

Apr. 11,2002 Sheet 11 of 13

FIG.18
, 137 113 |
i i
; i
132 ?
i 112 i
i w/

o |

131

FIG.19

112131 135 143

bl

=]

117

b e m e an

Ia“lllll,
- \
T ’f///////%

100
FIG.20
‘ 112
132 c |
w UL

US 2002/0042167 Al



Patent Application Publication Apr. 11,2002 Sheet 12 of 13

FIG.21A

110

s mrmsmamsmems

111

130

B N T
M L R T e e P i e

- 8-

100

FIG.21B

S o o0 . ——

131
111

. et O v - -

160

FIG.21C

1

»
!
]
!
i
!
!
i
!
i
!
H
i
H
:
i

112
131

I

L Y Y T Yy

~— T
-
lo
>

[y
[—
(]

US 2002/0042167 Al

Thermal
treatment



Patent Application Publication Apr. 11,2002 Sheet 13 of 13  US 2002/0042167 A1

FIG22A

(30

| HLLLLLSILLS LI LS LS S SA AL LTSS LSS S S S AL SIS Y {1 |

1O

rmtmtme s

10

FIG.22B

Thermal
treatment

131 113

R

100 (

110

FiG.22C

“amoans

131 1§2 113

/

e




US 2002/0042167 Al

THIN FILM TRANSISTOR ARRAY SUBSTRATE
FOR LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 2000-59429, filed on Oct. 10, 2000,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a thin film
transistor (TFT) array substrate and a method of manufac-
turing the same.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display device uses the optical
anisotropy and polarization properties of liquid crystal mol-
ecules to produce an image. Liquid crystal molecules have
a definite orientational alignment as a result of their long,
thin shapes. That orientational alignment can be controlled
by an applied electric field. In other words, as an applied
electric field changes, so does the alignment of the liquid
crystal molecules. Due to the optical anisotropy, the refrac-
tion of incident light depends on the orientational alignment
of the liquid crystal molecules. Thus, by properly controlling
an applied electric field a desired light image can be pro-
duced.

[0006] A liquid crystal is classified into a positive liquid
crystal and a negative liquid crystal, in view of an electrical
property. The positive liquid crystal has a positive dielectric
anisotropy such that long axes of liquid crystal molecules
are aligned parallel with an electric field. Whereas, the
negative liquid crystal has a negative dielectric anisotropy
such that long axes of liquid crystal molecules are aligned
perpendicular to an electric field.

[0007] While various types of liquid crystal display
devices are known, active matrix LCDs having thin film
transistors and pixel electrodes arranged in a matrix are
probably the most common. This is because such active
matrix LCDs can produce high quality images at reasonable
cost.

[0008] FIG. 1 shows the configuration of a typical TFT-
LCD device. The TFT-LCD device 11 includes upper and
lower substrates 5 and 22 with an interposed liquid crystal
14. The upper and lower substrates 5 and 22 are called a
color filter substrate and an array substrate, respectively.

[0009] In the upper substrate 5, on a surface opposing the
lower substrate 22, black matrix 6 and color filter layer 7 that
includes a plurality of red (R), green (G), and blue (B) color
filters are formed in shape of an array matrix such that each
color filter 7 is surrounded by the black matrix 6. Further on
the upper substrate 5, a common electrode 18 is formed and
covers the color filter layer 7 and the black matrix 6.

[0010] In the lower substrate 22, on a surface opposing the
upper substrate 5, thin film transistors (TFTs) “T”, as switch-
ing devices, are formed in the shape of an array matrix
corresponding to the color filter layer 7, and a plurality of
crossing gate and data lines 13 and 15 are positioned such
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that each TFT “T” is located near each crossover point of the
gate and data lines 13 and 15. Further in the lower substrate
22, a plurality of pixel electrodes 17 are formed on an area
defined by the gate and data lines 13 and 15. The area there
defined is called a pixel region “P”. The pixel electrode 17
is usually formed from a transparent conductive material
having good transmissivity, for example, indium-tin-oxide
(ITO) or indium-zinc-oxide (IZO).

[0011] The pixel and common electrodes 17 and 18 gen-
erate electric fields that control the light passing through the
liquid erystal cells. By controlling the electric fields desired
characters or images are displayed.

[0012] To complete the array substrate described above, a
depositing technique, a photolithography technique, and an
etching technique are repeated several times. Namely, a
typical TFT array substrate manufacturing process requires
repeated steps of depositing and patterning various layers.
The patterning steps involve photolithography masks. Each
photolithography step is facilitated using one mask, and the
number of masks used in the fabrication process is a critical
factor in determining the number of patterning steps. Thus,
the production cost depends heavily on the number of masks
used in the manufacturing process. Moreover, the margin of
error caused by a plurality of manufacturing processes
depends heavily on the number of masks, and thus, the ratio
of inferior goods is also lowered if the number of the mask
is lowered.

[0013] Accordingly, the TFT array substrate, nowadays,
tends to be fabricated using four mask processes instead of
five mask processes. However, when using the four mask
processes, a plurality of layers that are stacked upon each
other are simultaneously etched. Also, the etching ratios of
the different layers should be adjusted during the etching
process. As a result, some portions of the lines, such as the
gate and data lines, become exposed and some portions of
the electrodes, such as the source, drain and gate electrodes,
are also exposed. Above all, since the gate line and the gate
electrode are usually formed of a low-resistance material
when fabricating the TFT array substrate using the four
mask processes, the exposed lowresistance material is
gradually eroded by the etchant during the manufacturing
processes.

[0014] Now, referring to the attached drawings, the ero-
sion of the gate line and gate electrode will be explained in
detail hereinafter.

[0015] FIG. 2 is a schematic partial plan view showing
pixels of the TFT array substrate that is fabricated using four
mask processes. As shown, the TFT array substrate includes
a gate line 13 formed on a transparent substrate, a data line
15 perpendicularly crossing the gate line 13, a TFT “T”
formed at regions near the crossover point of the gate and
data lines 13 and 15, and a pixel electrode 17 connected to
the TFT. A pixel region where the pixel electrode 17 is
positioned is defined by the gate and data electrodes 13 and
15.

[0016] Still referring to FIG. 2, the TFT “T” is comprised
of a gate electrode 31, a source electrode 33 and a drain
electrode 35. The gate electrode 31 is extended from the gate
line 13 and the source electrode 33 is extended from the data
line 13. Further, the drain electrode 35 is spaced apart from
the source electrode 33 and a channel region “CH” is formed
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between the source and drain electrodes 33 and 35. The gate
electrode 31 and gate line 13 are formed using a first mask.
The data line 15 and source and drain electrodes 33 and 35
are formed using a second mask. Also, the pixel electrode 17
is formed using a fourth mask. In the case of forming the
TFT array substrate using the four mask processes, an active
layer 37 is not formed independently using another pattern-
ing process. Namely, the active layer 37 is simultaneously
formed when a protection layer 41 is patterned using a third
mask, and thus, the active layer are located along and under
the data line 15, source electrode 33 and drain electrode 35.

[0017] However, during the third mask process that pat-
terns the protection layer 41, portions “B” and “C” of the
gate electrode 31 are exposed. Thereafter, these exposed
portions “B” and “C” of the gate electrode 31 are eroded by
the stripper that removes the photo resist and by the etchant
that removes a metallic layer during the fourth mask process.

[0018] For further explanation, a manufacturing process of
the TFT array substrate is explained referring to FIG. 3A to
3D.

[0019] FIGS. 3A to 3D are plan views and FIGS. 4-11 are
corresponding cross-sectional views that relate to lines III-
III and IV-IV of related art FIG. 2, and illustrate a process
for manufacturing a related art TFT array substrate for use
in the liquid crystal display device.

[0020] FIGS. 3A, 4 and 5 show a first mask process. As
shown, a first metal layer, for example copper (Cu), is
deposited on a substrate 22, and then patterned so as to form
the gate line 13 and gate electrode 31 using a first mask.
After that, a gate insulation layer 32, an amorphous silicon
layer 34, an impurity-included amorphous silicon layer 36,
and a second metal layer 38 are deposited in series on a
surface of the substrate 22 having the gate line 13 and gate
electrode 31.

[0021] FIGS. 3B, 6 and 7 show a second mask process. As
shown, the second metal layer 38 of FIGS. 4 and 5 is
patterned so as to form the data line 15, the source electrode
33 and the drain electrode 35. Again, the data line 15 is
perpendicular to the gate line 13 and the source electrode 33
is extended from the data line 15 over the pixel region “P”
of FIG. 2. Also, the drain electrode 35 formed in the pixel
region is spaced apart from the source electrode 33.

[0022] Next, the impurity-included amorphous silicon
layer 36 of FIGS. 4 and 5 is patterned using the patterned
second metal layer as masks. Thus, an ohmic contact layer
39 is formed under the patterned second metal layer such as
the data line 15 and the source and drain electrodes 33 and
35. Moreover, a portion of the amorphous silicon layer 34
between the source and drain electrodes 33 and 35 is
exposed so as to form the channel region “CH”.

[0023] FIGS. 3C, 8 and 9 show a third mask process. The
protection layer 41 is deposited on the amorphous silicon
layer 34 of FIGS. 6 and 7 and on the patterned second metal
layer. After that, a drain contact hole 43 is formed by
patterning the protection layer 41. At this time, the protec-
tion layer 41 is mostly removed except portions that protect
the data line 15, channel region “CH” and source and drain
electrodes 33 and 35. Also, the amorphous silicon layer 34
of FIGS. 6 and 7 and the gate insulation layer 32 are
simultaneously removed except the portions under the chan-
nel region “CH” and under the patterned second metal layer
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(i.e., the data line 15 and the source and drain electrodes 33
and 35). Thus, under the patterned protection layer 41, the
active layer 37 is formed. Further, in this structure of the
TFT, since this active layer 37 does not cover the whole gate
electrode 31 in order to form the channel region “CH?”, the
protection layer 41 and the active layer 37 exist between the
source electrode 33 and the drain electrode 35.

[0024] As a result, since the channel region “CH” is
formed between the source and drain electrodes 33 and 35,
the portions “B” and “C” of the gate electrode 31 are
exposed after performing this third mask process. Moreover,
the gate line 13 is also exposed.

[0025] FIGS. 3D, 10 and 11 show a fourth mask process.
A transparent conductive material, such as indium-tin-oxide
(ITO) or indiumzinc-oxide (IZO), is deposited on the sur-
faces of the above-mentioned intermediates. Thereafter, the
transparent conductive material is patterned to form the
pixel electrode 17 that is electrically connected with the
drain electrode 35 through the drain contact hole 43.

[0026] As described above, after performing the third
mask process, the exposed gate electrode portions “B” and
“C” and the gate line 13 are eroded and damaged during the
fourth mask process. Namely, when forming the pixel elec-
trode 17, the exposed gate line 13 and gate electrode
portions “B” and “C” are eroded and damaged by the etchant
that etches the transparent conductive material. Subse-
quently, when removing the photo resist that is formed for
the pixel electrode 17, the exposed gate line 13 and gate
electrode portions “B” and “C” are secondly eroded and
damaged by the stripper.

[0027] Further, if the gate line and the gate electrode are
made of copper (Cu), the copper ions are diffused into the
liquid crystal layer after the liquid crystal panel is complete.
Thus, the liquid crystal display device malfunctions due to
the diffused copper ions.

SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention is directed to a
method of manufacturing a thin film transistor that substan-
tially obviates one or more of the problems due to limitations
and disadvantages of the related art.

[0029] An object of the present invention is to provide a
method of manufacturing a TFT array substrate (as well as
a TFT array substrate itself) that prevents the erosion and
damage of the gate electrode and gate line.

[0030] Another object of the present invention is to pro-
vide a method of manufacturing a TFT array substrate (as
well as a TFT array substrate itself) that prevents the
diffusion of the copper ions from the gate line and gate
electrode.

[0031] Another object of the present invention is to pro-
vide a method of manufacturing a TFT array substrate (as
well as a TFT array substrate itself) that prevents the gate
line and gate electrode from diffusion of silicon ions and
oxygen 10ns.

[0032] In order to achieve the above object, the preferred
embodiment of the present invention provides a TFT array
substrate for use in a liquid crystal display device, including:
a gate line arranged in a transverse direction over a substrate;
a metallic oxide layer surrounding the gate line; a data line
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arranged in a longitudinal direction perpendicular to the gate
line over the substrate; a thin film transistor formed near the
crossing of the gate and data lines, the thin film transistor
comprising: a gate electrode over the substrate, the gate
electrode being extended from the gate line and surrounded
by the metallic oxide; a gate insulation layer on the metallic
oxide surrounding the gate electrode; an active layer and an
ohmic contact layer formed on the gate insulation layer; a
source electrode formed on the ochmic contact layer over the
gate electrode and extended from the data line; and a drain
electrode formed on the ohmic contact layer over the gate
electrode and spaced apart from the source electrode; a
protection layer formed over the thin film transistor, the
protection layer having a drain contact hole that exposes a
portion of the drain electrode; and a pixel electrode formed
in a pixel region that is defined by the gate and data lines,
the pixel electrode contacting the drain electrode through the
drain contact hole.

[0033] The metallic oxide is one of tantalum oxide (TaO,),
chrome oxide (CrO,), titanium oxide (TiO,) and tungsten
oxide (WO,).

[0034] A TFT array substrate for use in a liquid crystal
display device further includes a buffering layer between the
substrate and the gate line and gate electrode. The metallic
oxide is made of one of tantalum oxide (TaOX) and titanium
oxide (TiOX) that are respectively made from tantalum (Ta)
and titanium (Ti) preferably using an oxidation reaction at a
temperature of greater than 400° C. The buffering layer is
one of tantalum nitride (TaN) and titanium nitride (TiN).
Moreover, the buffering layer alternatively can be one of
silicon nitride (SiN,) and silicon oxide (SiO,).

[0035] Additional features and advantages of the inven-
tion 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 particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0036] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method of manufactur-
ing a TFT arrays substrate for use in a liquid crystal display
device, comprising: forming a first metal layer over a
substrate; forming a second metal layer on the first metal
layer; patterning the first and second metal layers so as to
form a gate line and a gate electrode; thermally-treating the
substrate having the patterned first and second metal layers
so as to diffuse material from the patterned first metal layer
over the patterned first metal layer and then to form a
metallic oxide layer surrounding the second metal layer by
oxidizing the diffused material of the first metal layer;
forming a gate insulation layer on the substrate, the gate line
and the metallic oxide layer; forming an amorphous silicon
layer on the gate insulation layer; forming an impurity-
doped amorphous silicon layer on the amorphous silicon
layer; forming a third metal layer on the impurity-included
amorphous silicon layer; patterning the third metal layer so
as to form a data line, a source electrode and a drain
electrode; patterning the impurity-doped amorphous silicon
layer using the patterned third metal layer as masks so as to
form an ohmic contact layer and a channel region in the
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amorphous silicon layer between the source and drain elec-
trodes; forming a protection layer on the amorphous silicon
layer and on the patterned third metal layer; patterning the
protection layer, the amorphous silicon layer and the gate
insulation layer except portions that correspond to the pat-
terned third metal layer and channel region; depositing a
transparent conductive material in a pixel region that is
defined by the gate and data lines; and patterning the
transparent conductive material so as to form a pixel elec-
trode that contacts the drain electrode.

[0037] The first metal layer is one of tantalum (Ta),
chrome (Cr), titanium (Ti) and tungsten (W). These mate-
rials become the metallic oxide layer, i.e., the metallic oxide
is one of tantalum oxide (TaOX), chrome oxide (CrOX),
titanium oxide (TiOX) and tungsten oxide (WOX) after
finishing the thermal treatment. The second metal layer is
copper (Cu). The third metal layer is one of chrome (Cr),
tantalum (Ta), titanium (Ti), tungsten (W) and molybdenum
(Mo).

[0038] A method of manufacturing a TFT arrays substrate
for use in a liquid crystal display device further includes
forming a buffering layer on the substrate before forming the
first metal layer. The thermal treatment is preferably per-
formed at a temperature of greater than 400° C. The buff-
ering layer can be one of tantalum nitride (TaN), titanium
nitride (TiN) silicon nitride (SiN.,) and silicon oxide (Si0O.).

[0039] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWING

[0040] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0041] TIn the drawings:

[0042] FIG. 1 shows the configuration of a typical related
art TET-LCD device;

[0043] FIG. 2 is a schematic partial plan view showing
pixels of the TFT array substrate that is fabricated using four
mask processes according to the related art;

[0044] FIGS. 3A to 3D are plan views and FIGS. 4-11 are
corresponding cross-sectional views that illustrate a process
for manufacturing a TFT array substrate for use in the liquid
crystal display device according to the related art;

[0045] FIGS. 12A to 12D are plan views that illustrate a
process according to a first embodiment of the invention for
manufacturing a TFT array substrate for use in the liquid
crystal display device;

[0046] FIGS. 13A to 13C and 14A to 14C are cross-
sectional views cut along lines XIII-XIIT and XIV-XIV of
FIG. 12A, respectively;

[0047] FIGS. 15 and 16 are cross-sectional views cut
along lines XV-XV and XVI-XVI of FIG. 12B, respec-
tively;
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[0048] FIGS. 17 and 18 arc cross-sectional views cut
along lines XVII-XVII and XVII-XVIII of FIG. 12C,
respectively;

[0049] FIGS. 19 and 20 are cross-sectional views cut
along lines XIX-XIX and XX-XX of FIG. 12D, respec-
tively; and

[0050] FIGS. 21A to 21C and 22A-22C are cross-sec-
tional views that illustrate a process according to a second
embodiment of the invention for manufacturing a TFT array
substrate for use in the liquid crystal display device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, example of
which is illustrated in the accompanying drawings.

[0052] FIGS. 12A to 12D are plan views and FIGS.
13S-20 are cross-sectional views that relate to lines III-III
and IV-1V of related art FIG. 2, and illustrate a process
according to a first embodiment of the invention for manu-
facturing a TFT array substrate similar to related art FIG. 2
for use in the liquid crystal display device. In this descrip-
tion, the plan views of the preferred embodiment are similar
to the conventional art described in FIGS. 2-3D.

[0053] FIGS. 12A, 13A-13C and 14A-14C show a first
mask process, wherein a first metal layer 111 is formed at
first on a substrate 100 by depositing a metallic material such
as of tantalum (Ta), chrome (Cr), titanium ('I1), tungsten (W)
and the like. These metallic materials can easily diffuse at a
temperature on and along the surface of a second metal layer
that is formed in a later step. After that, the second metal
layer 130, such as copper (Cu), is deposited on the first metal
layer 111. And then, the second metal layer 130 is patterned
so as to form the gate line 113 and gate electrode 131 using
a first mask. At this time, the portions of the first metal layer
111 corresponding to the gate line 113 and gate electrode 131
are simultaneously patterned (see FIGS. 13B and 14B).

[0054] Next, the substrate 100 having the gate line 113 and
the gate electrode 131 is thermally-treated at a designated
temperature (again, see FIGS. 13B and 14B). This thermal
treatment diffuses the material of the patterned first metal
layer along the surface of the patterned second metal layer
(for example, copper (Cu)) so that material of the first metal
layer exists on the surface of the patterned second metal
layer. At this time, the patterned first metal layer reacts with
oxygen (O) and becomes a metallic oxide 112 such as
tantalum oxide (TaO,,), chrome oxide (CrO,)), titanium oxide
(Ti0,), tungsten oxide (WO,) or the like. In other words, the
metallic oxide layer 112 caused by the oxidation reaction is
formed around the gate line 113 and gate electrode 131
during the thermal treatment process (see the result in FIGS.
13C and 14C).

[0055] After that, a gate insulation layer 132 is formed on
the substrate 100 and on the metallic oxide layer 112 that
surrounds the gate line 113 and gate electrode 131 (see
FIGS. 13C and 14C). The gate insulation layer 132 is an
insulation material, e.g., an organic material, such as ben-
zocyclobutene (BCB) or a material related to or containing
acryl-based resin, or an inorganic material, such as silicon
oxide (Si0,) or silicon nitride (SiN,). Further, an amorphous
silicon layer 134, an impurity-included amorphous silicon
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layer 136, and a third metal layer 138 are deposited in series
over the gate insulation layer 132. The third metal layer 138
is a metallic material such as chromium (Cr), tantalum (Ta),
titanium (T1), tungsten (W), molybdenum (Mo) and the like.

[0056] FIGS. 12B, 15 and 16 show a second mask pro-
cess. As shown, the third metal layer 138 of FIGS. 13C and
14C is patterned so as to form the data line 115, the source
electrode 133 and the drain electrode 135. The data line 115
is perpendicular to the gate line 113 and the source electrode
133 is extended from the data line 115 over the pixel region
“P” of FIG. 2. Also, the drain electrode 135 formed in the
pixel region is spaced apart from the source electrode 133.

[0057] Next, the impurity-included amorphous silicon
layer 136 of FIGS. 13C and 14C is patterned using the
patterned third metal layer portions 115, 133 and 135 as
masks. Thus, an ohmic contact layer 139 is formed under the
patterned third metal layer (i.e., the data line 115 and the
source and drain electrodes 133 and 135). Moreover, a
portion of the amorphous silicon layer 134 between the
source and drain electrodes 133 and 135 is also exposed so
as to form the channel region “CH”.

[0058] FIGS. 12C, 17 and 18 show a third mask process.
The protection layer 141 is deposited on the amorphous
silicon layer 134 of FIGS. 15 and 16 and on the patterned
portions 115, 133 and 135 of the third metal layer. The
passivation layer 141 is an insulation material, e.g., an
organic material, such as benzocyclobutene (BCB) or a
material relating to or containing acryl-based resin, or an
inorganic material, such as silicon oxide (SiO,) or silicon
nitride (SiN,). After that, a drain contact hole 143 is formed
by patterning the protection layer 141. At this time, the
protection layer 141 is mostly removed except portions that
protect the data line 1185, channel region “CH” and source
and drain electrodes 133 and 135. Also, the amorphous
silicon layer 134 of FIGS. 15 and 16 and the gate insulation
layer 132 are simultaneously removed except the portions
corresponding to the channel region “CH” and the portions
under the patterned third metal layer (i.e., the data line 115
and the source and drain electrodes 133 and 135). Thus,
under the patterned protection layer 141, the active layer 137
is formed.

[0059] FIGS. 12D, 19 and 20 show a fourth mask process.
A transparent conductive material, such as indium-tin-oxide
(ITO) or indium-zinc-oxide (IZO), is deposited on the
surfaces of the above-mentioned intermediates. Thereafter,
the transparent conductive material is patterned to form the
pixel electrode 117 that is electrically connected with the
drain electrode 135 through the drain contact hole 143. The
pixel electrode 117 is located in the pixel region “P” of FIG.
2.

[0060] According to a principle of the present invention,
although the portions “B” and “C” of the gate electrode 131
and the gate line 113 are exposed during the fourth mask
process, they are not eroded and damaged by the etchant and
stripper. That is because the gate line 113 and the gate
electrode 131 are protected by the metallic oxide layer 112
that surrounds the patterned second metal layer. Further,
although the gate line 113 and the gate electrode 131 are
made of copper (Cu), the copper ions are not diffused into
the liquid crystal layer after the liquid crystal panel is
complete due to the metallic oxide layer 112. Thus, the



US 2002/0042167 Al

malfunction caused by the diffused copper ions into the
liquid crystal layer does not occur any more in the liquid
crystal display device.

[0061] Now, reference will be made in detail to a second
preferred embodiment of the present invention, example of
which is illustrated in the accompanying drawings.

[0062] In the first embodiment described above, if the first
metal layer is tantalum (Ta) or titanium (Ti), some problems
occur in the thermal treatment process. The thermal-treating
temperature is made greater than 400° C. in order to diffuse
tantalum (Ta) or titanium (Ti) on the surface of the second
metal layer (for example, copper (Cu)). But silicon ions and
oxygen ions included in the substrate also get diffused into
the patterned second metal layer. As a result, carrier mobility
of the gate line and gate electrode is lowered. According to
the principle of the second embodiment, a simple structure
is adopted in order to prevent the decrease of the carrier
mobility.

[0063] FIGS. 21A-21C and 22A-22C are cross-sectional
views that relate to lines III-III and IV-IV of FIG. 2,
respectively, and illustrate a process according to the second
embodiment of the invention for manufacturing a TFT array
substrate similar to related art FIG. 2 for use in the liquid
crystal display device.

[0064] Referring to FIG. 21A and 22A, a buffering layer
110 1s formed on the substrate 100 by depositing, e.g.,
tantalum nitride (TaN) or titanium nitride (TiN). Alterna-
tively, the buffering layer 110 can be made, ¢.g., of silicon
oxide (Si0,) or silicon nitride (SiN, ). After that, a first metal
layer 111 and a second metal layer 130 are deposited in
series over the buffering layer 110 just as described in FIGS.
12A, 13A-13C and 14A-14C

[0065] Next, referring to FIGS. 21B and 22B, the buff-
ering layer 110, the first metal layer 111 and the second metal
layer 130 are patterned so as to form the gate line 113 and
gate electrode 131. After that, the substrate 100 having the
gate line 113 and the gate electrode 131 is thermally-treated
at a temperature of greater than 400° C.

[0066] Now, referring to FIGS. 21C and 22C, the above-
mentioned thermal treatment diffuses the first metal layer
111 of FIGS. 21B and 22B along the surface of the
patterned second metal layer (i.e., the gate line 113 and the
gate electrode 131) so that material of the first metal layer
exists on the surface of the patterned second metal layer. At
this time, the first metal layer reacts with oxygen (Q) and
becomes a metallic oxide layer 112 such as tantalum oxide
(Ta0,) or titanium oxide (TiO,). In other words, the metallic
oxide layer 112 caused by the oxidation reaction is formed
around the gate line 113 and gate electrode 131 after thermal
treatment.

[0067] Here, the next processes of the second embodiment
are omitted because they are the same as the processes
depicted in FIGS. 12B-12D and 15-20. According to the
second embodiment, the silicon ions and the oxygen ions are
prevented from being diffused from the substrate into the
gate line and into the gate electrode due to the buffering
layer. In other words, the buffering layer protects the gate
line and gate electrode against diffusion of the silicon ions
and oxygen ions. Thus, the gate line and gate electrode are
not deteriorated by these ions, and the carrier mobility is not
reduced.
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[0068] Further, the principles of the present invention can
be used in the in-plane switching mode liquid crystal display
(IPS-LCD) device.

[0069] Accordingly, as described above, since the TFT
array substrate for use in the liquid crystal display device is
fabricated using the four-mask process without any erosion
and damage in the gate line and gate electrode, the line
defect such as a line open or break of the gate line and gate
electrode is prevented. And, copper ions do not diffuse into
the liquid crystal layer after the liquid crystal display is
complete. Thus, malfunction does not occur in the liquid
crystal display device, thereby preventing inferior goods
while increasing the manufacturing yield.

[0070] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
method of manufacturing a thin film transistor of the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. ATFT array substrate for use in a liquid crystal display
device, the TFT array substrate comprising:

a gate line arranged in a transverse direction over a
substrate;

a metallic oxide layer surrounding the gate line;

a data line arranged in a longitudinal direction perpen-
dicular to the gate line over the substrate;

a thin film transistor formed near the crossing of the gate
and data lines, the thin film transistor comprising:

a gate electrode over the substrate, the gate electrode
being extended from the gate line and surrounded by
the metallic oxide;

a gate insulation layer on the metallic oxide surround-
ing the gate electrode;

an active layer and an ohmic contact layer formed on
the gate insulation layer;

a source electrode formed on the ohmic contact layer
over the gate electrode and extended from the data
line; and

a drain electrode formed on the ohmic contact layer
over the gate electrode and spaced apart from the
source electrode;

a protection layer formed over said thin film transistor,
the protection layer having a drain contact hole that
exposes a portion of the drain electrode; and

a pixel electrode formed in a pixel region that is defined
by the gate and data lines, the pixel electrode con-
tacting the drain electrode through the drain contact
hole.

2. ATFT array substrate according to claim 1, wherein the
metallic oxide is one of tantalum oxide (TaO,), chrome
oxide (Cr0,), titanium oxide (TiO,) and tungsten oxide
(WO,).

3. ATFT array substrate according to claim 2, wherein the
gate line and the gate electrode are copper (Cu).
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4. A TFT array substrate according to claim 1, further
comprising: a buffering layer between the substrate and the
gate line and gate electrode.

5. ATFT array substrate according to claim 4, wherein the
metallic oxide is one of tantalum oxide (TaO,) and titanium
oxide (TiO,) that are respectively made from tantalum (Ta)
and titanium (T1).

6. ATFT array substrate according to claim 4, wherein the
buffering layer is one of tantalum nitride (TaN) and titanium
nitride (TiN).

7. ATFT array substrate according to claim 4, wherein the
buffering layer is one of silicon nitride (SiN,) and silicon
oxide (SiO,).

8. A method of forming a TFT array substrate for use in
a liquid crystal display device, comprising:

forming a first metal layer over a substrate;
forming a second metal layer on the first metal layer;

patterning the first and second metal layers so as to form
a gate line and a gate electrode;

thermally-treating the substrate having the patterned first
and second metal layers so as to diffuse material from
the patterned first metal layer over the patterned second
metal layer and then to form a metallic oxide layer
surrounding the second metal layer by oxidizing the
diffused material of the first metal layer;

forming a gate insulation layer on the substrate, the gate
line and the metallic oxide layer;

forming an amorphous silicon layer on the gate insulation
layer;

forming an impurity-doped amorphous silicon layer on
the amorphous silicon layer;

forming a third metal layer on the impurity-doped amor-
phous silicon layer;

patterning the third metal layer so as to form a data line,
a source electrode and a drain electrode;

patterning the impurity-included amorphous silicon layer
using the patterned third metal layer as masks so as to
form an ohmic contact layer and a channel region in the
amorphous silicon layer between the source and drain
electrodes;

forming a protection layer on the amorphous silicon layer
and on the patterned third metal layer;

patterning the protection layer, the amorphous silicon
layer and the gate insulation layer except portions that
correspond to the patterned third metal layer and chan-
nel region;

depositing a transparent conductive material in a pixel
region that is defined by the gate and data lines; and

patterning the transparent conductive material so as to
form a pixel electrode that contacts the drain electrode.
9. A method according to claim 8, wherein the first metal
layer is one of tantalum (Ta), chrome (Cr), titanium (Ti) and
tungsten (W).
10. A method according to claim 9, wherein the metallic
oxide layer is one of tantalum oxide (Ta0Q,), chrome oxide
(Cr0,), titanium oxide (TiO,) and tungsten oxide (WO,).
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11. A method according to claim 8, wherein the second
metal layer is copper (Cu).

12. A method according to claim 8, wherein the third
metal layer is one of chrome (Cr), tantalum (Ta), titanium
(Ti), tungsten (W) and molybdenum (Mo).

13. A method according to claim 8, further comprising:
forming a buffering layer on the substrate before forming the
first metal layer.

14. A method according to claim 13, wherein thermal
treatment of the substrate is performed at a temperature of
greater than 400° C.

15. Amethod according to claim 13, wherein the buffering
layer is one of tantalum nitride (TaN) and titanium nitride
(TiN).

16. Amethod according to claim 13, wherein the buffering
layer is one of silicon nitride (SiN,) and silicon oxide
(S8i0,).

17. An insulated conductor structure for use in a TFT
array substrate of a liquid crystal display device, the con-
ductor structure comprising:

a substrate;
a metallic conductive line arranged over said substrate;

a metallic conductive electrode arranged over said sub-
strate and branching off said conductive line;

a metallic oxide layer surrounding said gate line; and

an insulation layer on said conductive line and said

metallic oxide layer.

18. The conductor structure according to claim 17,
wherein said metallic oxide is one of tantalum oxide (TaO,),
chrome oxide (CrO,), titanium oxide (TiO,) and tungsten
oxide (WO,), respectively.

19. The conductor structure according to claim 18, further
comprising a buffering layer between the substrate and each
of said conductive line and said conductive electrode.

20. The conductor structure according to claim 19,
wherein the buffering layer is one of tantalum nitride (TaN),
titanium nitride (TiN), silicon nitride (SiN_) and silicon
oxide (Si0,).

21. The conductor structure according to claim 17,
wherein said conductive line is a gate line and said conduc-
tive electrode is a gate electrode.

22. The conductor structure of claim 17, wherein said
conductive line and said conductive electrode are made of
copper (Cu).

23. A method of forming an insulated conductor structure
for use in a TFT array substrate of a liquid crystal display
device, the method comprising:

providing a substrate;
forming a first metal layer over a substrate;
forming a second metal layer on the first metal layer;

patterning the first and second metal layers so as to form
a conductive line and a conductive electrode thus
defining an intermediate structure;

thermally treating said intermediate structure so as to
diffuse material from the patterned first metal layer
over the patterned second metal layer and then to form
a metallic oxide layer surrounding the patterned second
metal layer; and
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forming an insulation layer on the substrate, the conduc-

tive line and said metallic oxide layer.

24. The method according to claim 23, wherein the first
metal layer is one of tantalum (Ta), chrome (Cr), titanium
(Ti) and tungsten (W) and the metallic oxide is one of
tantalum oxide (TaO,), chrome oxide (CrO,), titanium oxide
(Ti0,) and tungsten oxide (WO,), respectively.

25. The method according to claim 23, wherein the second
metal layer is copper (Cu).
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26. A method according to claim 23, further comprising:

forming a buffering layer on the substrate before forming
the first metal layer.
27. Amethod according to claim 26, wherein the buffering
layer is one of tantalum nitride (TaN), titanium nitride (TiN),
silicon nitride (SiN,) and silicon oxide (Si0.,).

* * * * *
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