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Formation and Dissolution of Oxide Films on the Tip Surfaces of

Aluminum Etch Tunnel

Yongsug Tak

Department of Chemical Engineering, Inha University

The passivation and dissolution of

oxide films on actively dissolving aluminum

surfaces were studied with partial current pulse experiments. The presence of

small patches at earlier times after

step current reduction was suggested, and

passivation was induced by partial current pulses, and the passivated area increases
with pulse time. When an applied current increases by step after partial current
puise, metal dissolution current density referred to tip area increases exponentially

with potential.

The positive potential deviation from the repassivation potential

induces a rapid currentless metal dissolution which is observed at times of a few
milliseconds during early patch growth.
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Fig. 1. Scanning electron micrograph of oxide rep-
lica of a tunnel tip surface when t_ is 30ms. l4/ia

=0, etch time 5s, IN HCl at 65C.
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Fig. 2. Applied current waveform for partial cur-
rent pulse experiments.
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Fig. 3. The average patch area as a function of i,/
ia1 at t, =30ms. The average patch area was cor-
rected by considering complex patches to be a
combination of discrete patches.
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Fig. 4. Scanning electron micrograph of tunnel tip
surface for different t_. t. is fixed at 4ms, and i,/

ia1=0.25. (a) t.=4ms and (b) t =12ms. etch
time 5s, 1IN HCI at 65°C
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Fig. 5. Tunnels formed with two successive cur-
rent pulses superimposed on anodic applied cur-
rent. iaz/ia1=0.3 and pulse time=12ms. Pulse time

interval = 1s. etch time 5e, IN HC1 at 65C.

HA HEY HHE YFsle 2HE Hodxuh
ol Fig. 48] Z7]o) A8l patchdefo] #
Ego] A (merging)Ho] & REE A
@FoE &7t tipREo AFH BHES
TEA Boh 28y t=12msEet FA4E Abs
gl YRty AT BEFsin AA

A 3 ol Qo] BldEe] #AE X &
A "ot Fig. 65 "2A ol 98 B tipo]
FFH S E HHe] XL UE HEE 2o
Fo. tol 4msvghel 7 S0l tipEHol &4
H Azt Eete] 43, F tyEdy oFo) wF

18]

Lalso] Blde Fo] dAF vHEE AV Y
o. 2 Y mi"l”"l ANojds2 AE D)} 2

d¥ e 84935HA ¥ doidA Hn, 29
o] E7telAl At

Fig. 78 1,/in=032] ZANA tige H A
b A7 EA S W SAT "delch o] Fol H
dupe) EA4sE o (Fig. 7(anole laolA 1.
2 il AHE FAG Had oo fuhy
AL, ip0l A inE AY Aead= M9
A3 AAARA FAG 45 Fol F34=
25lA Heh & cathodic B4 H4Y A
9} 415} 92 anodic B Ao A REL FHF ¢

1

I I—

i



66 A 253

A 132 1996. 3

0.5
¥ Current pulse
—g o Current Step
fz“ 04t
2 P
© v
1)
:; 0.3 !' v k
L v v
= v
Tés 0.2} ;
.8
3 v M
L v
E o1 v
0 S . 1 )
0 5 10 15 20

Pulse Time(ms)

Fig. 6. Fraction of passivated area on tunnel tip,
formed in current pulse experiments.
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Fig. 7. Potential transients for current cycling ex-
periments. i./ia1=40mA/cm?, and iz=12mA/cm?
(a) t,=1ms, ty=5ms, (b) t, =4ms, ty=30ms.
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Fig. 8. Rising part of potential transients after
partial current pulses are adjusted by shifting the
potential at reduced current to the same poten-
tial. iaz/ia1=0.5 and puise time is varied.(t =2, 4,
12, 20ms). Adjusted potential transients fall on
the same line.
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Fig. 10. Relationship between metal dissolution
current density referred to active tip area and po-
tential difference, E,—E;. The potential difference
was corrected by considering ohmic drop.
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Fig. 11. Patch growth at earlier times after cur-
rent pulse.
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