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A Study on the Film deposition process of Al Metals by PVD Method
and on its Electrochemical Property

Kyung-Man Moon and Takeo Oki*

Dept. of Materials Eng, Korea Maritime University, * Dept.of Materials Eng, Nagoya University

Al thin films were prepared on SPCC steel substrates by thermo-electron activation ion
plating process. The influence of argon gas pressure and substrate bias voltage on the
crystal orientation and morphology of the films was investigated by using x-ray diffrac-
tion and scanning electron micrography(SEM), respectively. And the effect of crystal ori-
entation and morphology of Al thin film on corrosion behaviors was estimated by measur-
ing anodic and cathodic polarization curves in 3% NaCl solution. The film morphology
changed from columnar to granular structure and crystal grain size on surface was also
getting smaller with increasing of argon gas pressure regardless of bias voltage and with
decreasing of bias voltage at a constant argon gas pressure. Corrosion resistance of these
films deposi'ted with granular structure and with finer grain size was better than that of
the films with columnar structure and of larger grain size. Eventually it is suggested that
corrosion resistance of Al film can be controlled by crystal orientation and morphology of
the film as a function of bias voltage and argon gas pressure.
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Fig. 1. Schematic diagram of the ion plating system.
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Table 1. Composition of substrate specimen.
Steel( SPCC)

Element C Mn P S Si
Wt-% <012 <05 <004 <0045 —

Table 2. Composition of evaporation source speci-
mens.
99.99% Aluminium

Element Si Fe Cu Mn Mg Cr Zn Ga Ti Pb
UnitPPM 8 9 46 <1 <1 <1 <1 <1 <1 (8

Table 3. Deposition conditions of Al films

Initial gas pressure( Torr) 5.x107°
Source-to-substrate distance{ cm) 75 o
Crucible heating temperature(C ) 1000£200
Substrate temperature( °C ) ~185 -
Ionization voltage(kV ) 0.25 o
Deposition time(min) 20 o
Ar gas pressure( Torr) 1075, 1074 107% 1074 x5fx)—
Bias voltage(kV) 0,-02,-10
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Fig. 2. X-ray diffraction patterns of Al films deposited at different argon gas pressure of {a) 5.5x 10" *Torr, (b) 5.
(B)02kV 0.1
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Fig. 3. SEM photographs of top surface for Al films.
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Fig. 5. Variation of cathodic polarization curves as a
function of Ar gas pressure on constant bias voltage
(0.2kV) in 3% NaCl solution.
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100

—_
<
:

—_
"

Current density ( #A/cm?)

o
=

0.01 . d r 1# T
-8 -16 -14  -1.2  -10 -0.8 -0.6 ~(A4

Anodic polarization potential(V/SCE)

Fig. 7. Anodic polarization curves as a function of Ar
gas pressure on constant bias voltage( 0.2kV) in 3%
NaCl solution.
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Table 4. Corrosion properties as a function of bias
voltage on constant Ar gas pressure(5.5x 107 *Torr)

0kV  0.2kV 1.0kV *1.0kV Remark
E. -0.398 -0.715 -0.741 -071 V/SCE
Loor 0.2 1.27 2.2 0.23 puA/cmt
Iy 80 425 17 145 pA/cm’
E, -048 -062 -072 -067 V/SCE

* 1 5.5x107*Torr, i,
E, : Pitting Potential

: Passivity current density
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Table 5. Relative value of surface free energy of Al.

Crystal face Relative value of surface free energy

(111) 1.000
(200) 1.154
(220) 1.223

(311) 1.223
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