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The characteristics of AINd thin film for TFT-L.CD bus line
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Abstact — The structural, electrical and etching characteristics of Al alloy thin film with low impurity concen-
trations AINd deposited by using dc magnetron sputtering deposition are investigated for the applications as
gate bus line in the TFT-LCD panel. And ITO thin film was deposited on AINd, then the contact resistance was
measured by Kelvin resistor. The deposited thin films show the decrease of resistivity and the increase of grain
size after the RTA at 300°C for 20 min.. Moreover, the resistivity of AINd does not show appreciable grain size
dependence after RTA. It is concluded that the decrease of resistivity after RTA is due to the increase of grain
size. The annealed AINd is found to be hillock free. The etching profiles of AINd was good and the minimun
contact resistance was about 110 uQcm. Caculation results reveal that the AINd (2wt.%) thin film can be appli-
cable to 25" SXGA class TFT-LCD panels.
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1. Introduction
2. Experiments and Results

Longer gate line and smaller pixel size which affect
the RC time delay of gate signal are required for high
resolution and large screen size TFT-LCD. Because of

AINd thin films were deposited on the coming class
1737 using dc magnetron sputtering system [4]. A 2-

its low resistivity, Al is usually used as gate line and
data line material [1]. However, pure Al has a serious
drawback related to the formation of hillock.

Therefore many kinds of Al alloy were used as gate
metal [2, 3]. Al alloy has low hillock density and resis-
tivity of about 10~30 puQcm. In this paper, AINd [3]
was selected and its properties for TFT-LCD applica-
tions were examined.
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inch target of AINd (2 wt%.) is employed in the sput-
tering system. The thickness of the film was controled
by the deposition time. The deposition rate was about
100 A/min..

To evaluate the characteristics of AINd, the resistiv-
ity, uniformity of crystalilzation, grain size, hillock den-
sity and contact resistance of ITO/AINd were
investigated by SEM, XRD, AFM, 4-point probe and
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Fig. 1. Deposition Temperature vs. Resistivity (Al-Nd : 125 W,
0.4 Pa, Ar 30 sccm Annealing : 350°C, 20 min).

Kelvin resistor, respectively.

The resistivity of AINd films deposited at various
temperature are shown in Fig. 1. The resistivity of
AINd was decreased when the deposition temperature
was increased. This trend is normal for thin alloy films.
After the 350°C annealing, it is almost same trend. The
resistivities were reduced after 350°C, 20 min. anneal-
ing. It was presumed that after annealing reduction of
resistivity was occured by Nd atom's gathering caused
thermal activation in Al matrix. The lowest resistivity
was about 4 pQcm (AINd; 2 wt.%). Therefore it has
good enough resistance to replace pure Al. Resistivities
of AINd for various thickness are shown in Fig. 2. It
can be seen that the resistivity is nearly independent of
thickness [5]. For the thickness between 1500~3500 A,
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Fig. 2. Thickness vs. Resistivity (Al-Nd : 120°C, 125 W, 0.4

Pa, Ar 30 sccm Annealing : 350°C, 20 min).
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Fig. 3. Dep. Temperature vs. Uniformity (Al-Nd : 125 W, 0.4
Pa, Ar 30 sccm Annealing : 350°C, 20 min).

the being was constant.

The average uniformity of AINd resistivity in each
sample for various deposition temperature is shown in
Fig. 3. As the deposition temperature was higher the
reduction of uniformity was caused by increasing of
deposition rate and smoothing of surface by atom hav-
ing high reactive energy. The uniformity after anneal-
ing is about 2% higher than that of the as-deposited
film. this property was caused by increasing of crystal-
lizing of thin film. Fig. 4 is the roughness of AINd for
various deposition temperature. When the temperature
was increased, the roughness was increased. It is
explained by fast nucleation of adatom on surface and
increasing of grain size. The average uniformities of
AINd resistivity in each sample for various dc power

140
130L
120 F
104
100p
eled o
8oF
70¢ n_—c::
601
50
40F

30 N N . N
80 100 120 140 160 180 200

Dep.Temperature ( C)

—l— Al-Nd as-dep.
—[J— Al-Nd atter annealing

Roughness (A)

A

Fig. 4. Dep. Temperature vs. roughness (Al-Nd : 125 w, 0.4
Pa, Ar 30 sccm Annealing : 350°C, 20 min).
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Fig. 5. Power vs. Uniformity (Al-Nd : 100°C, 125°C, 0.4 Pa,
Ar 30 sccm Annealing : 350°C, 20 min).
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Fig. 6. XRD pattern of AINd.

are shown in Fig. 5. According to increasing of dc
power, the uniformity was increased. It was explained
that the atom having high reactive energy was working
by medium of surface cleaning. Between 60~140 W
there was no change. It is observed that the deposition
mechanism is almost same in these power ranges.

The XRD pattern of AINd is shown in Fig. 6. It is
observed that the direction of crystallization of Al was
(111), (200), (220).

Fig. 7. is SEM images of AINd thin film. It is
observed that the grain size of after annealing is larger
than as-deposition. The hillock density of AINd was
investigated by AFM (Fig. 8). The average roughness
and maximum size are about 50 A and 400 A. They
are smaller than 1000 A, so there is no problem of hill-
ock and there was no spike appearance.

Simple and effective way of Al alloy taper etching is
developed. Normal etching chemical for pure Al is the
mixture of H;PO4, CH;COOH, HNO;, and H,O. It is

Fig. 7. SEM image of Al-Nd alloy 125 W, 100°C, 0.4 Pa, Ar
30 scem (a) as-deposition, (b) after 350°C, 20 min annealing.

found that the mixing ratio of HNOs in Al etchant as
well as the etching mode can affect the taper etching of
Al and Al alloy [6]. AINd was etched in pure Al
etchant by dipping mode. The etching properties were
that etching rate was about 50 A/s, taper angle was
about 40°, and etch residue was free. SEM images of
taper angle of AINd are shown in Fig. 9. AINd we
tested showed very good etched profile.

The contact resistance of ITO/AINd was shown Table
1 and Table 2. These were different substrate tempera-
ture. Table 1 is the sputtering data in 300°C and Table 2
is the sputtering data in room temperature. ITO thin
film was sputtered 200 A, then 200 A after 30 min.
separately and 400 A by one time on AING thin film.
These were measured various hole sizes and sputtering
conditions using Kelvin resistor. The current forcing
was from —2.0 mA to 2.0 mA. The contacts resistance
of ITO/AINd were 110~500 pQcm?.

The minimum contact resistance was about 110
uQem?. ITO/AINd which ITO was sputtered in O,
atmosphere has lower contact resistance than without
0,. ITO/AINd which ITO was sputtered in 300°C has
lower contact resistance than in room temperature [7].

Journal of the Korean Vacuum Society, Vol. 9, No. 3, 2000
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Fig. 8. AFM image of Al-Nd 150 W, 100°C, 0.4 Pa, Ar 30

R

sccm (a) as-deposition, (b) after 350°C, 20 min annealing.

Table 1. The sputtering data in 300°C

Normal Remove O, Remove O,
1st Dep. 400200 A 400 A 200 A
2nd Dep. 200 A
Hole Size pe (UQem?)
8x8 110 125 258
10x10 164 184 258
12x12 163 300 142

Table 2. The sputtering in room temp.

Normal Remove O, Remove O,
1st Dep. 400 A 400 A 200 A
2nd Dep. 200 A
Hole Size Pe (UQem?)
8x8 334 264 153
10x10 202 333 276
12x12 334 480 271

52123 3] %] A9 A)33, 20008

Fig. 9. SEM images of etch profile (a) top section, (b) cross
section.

nd ITO/AINd which ITO was sputtered by one time
(400 A) has lower contact resistance than separately
200 A by 200 A. The optimal condition for lowest
contact resistance of ITO/AINd was O, atmosphere and
200°C when it is sputtered by one time [8].

3. Conclusion

AINd (2 wt.%) thin film was deposited on corning
class (1737) and ITO was sputtered on AINd thin film
by dc magnetron sputtering system.

The minimum resistivity of AINd is about 4 pQcm.
Also it is found that AINd can effectively reduced the
hillock formation without any surface treatment.

The etching rate was about 40 A, taper angle was
about 40 A, and etch residue was free. AINd has good
etched profile.

The minimum contact resistance was about 110
uQcm?. At that time the optimal condition of sputtering
was 300°C in O, atmosphere by one time sputtering.

Calculation retuit reveal that AINd (2 wt.%) is pro-
posed to use as gate bus line material for 25" SXGA
class TFT-LCD panels.
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