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Abstract In this paper the atomic force microscopy
(AFM) fabrication of nanoscale Al,O; patterns were
studied. Nanowire, rings, dot array and pattern were fab-
ricated on Si substrates with SiO, surface layer. The effects
of applied voltage and scanning speed on obtained Al,O3
pattern were evaluated and the anodic oxidation mecha-
nism was discussed.

1 Introduction

The use of a scanning tunneling microscopy (STM) or an
atomic force microscopy (AFM) has become a powerful
technique for the fabrication of semiconductor nanoscale
structures. Many related works have been reported since
Dagata et al. [1] presented the STM direct writing oxida-
tion process using the oxide as a mask for a pattern
transfer. STM based anodic oxidation on metallic
substrates such as Ti has been also reported [2-4]. AFM
was also adopted to generate oxide patterns on Ti [5-9].
In this paper we report the oxide patterning on Al thin
film surface using contact mode AFM in ambient
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atmosphere. Nanowire, rings, dot array and pattern were
fabricated. The effects of applied voltage and scanning
speed on obtained Al,O3 pattern were evaluated and the
anodic oxidation mechanism was discussed.

2 Experimental

The p-type Si(100) wafers were used as substrates. First
they were cleaned by standard RCA procedure, then grown
a 0.3 pum thick SiO, surface layer. A 12 nm thick Al layer
were sputtered on the Si substrates with a deposition rate of
0.1 nm/s. The specimen were glued onto the holder by
silver paste, then placed in a SEIKO’s SPI3700/SPA300
AFM, which provide anodic oxidation functions. The AFM
worked in contact mode and relative humidity was 60%.
The cantilevers were Au coated SizN, tips available from
Olympus company. The nanoscale Al,O3 patterns’ mor-
phology were observed by the same AFM.

3 Results and discussion

Figure 1 shows AFM images of Al,O; lines, rings, dot
arrays, patterns, respectively. The results prove that AFM
has good efficiency of oxidation on fabricating nanoscale
Al,Oj3 patterns. All patterns are uniform and intact.

Figure 2 is the scheme of charge movements inside thin
films in AFM anodic oxidation. J;, J, are the current caused
by ion and electron, respectively. J is the whole current. X,
is the thickness of oxide layer grown with the oxidation, X;
is the thickness of oxide layer before oxidation. f is the
movement of anion, n; is the concentration of anion in
oxide layer.

In the oxide layer,
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Fig. 1 AFM images of Al,O3
patterns generated by anodic
oxidation. (a) Five parallel lines
(applied voltage 15 V, scanning
rate 1 pm/s), (b) four rings
(applied voltage 15 V, scanning
rate 1 pm/s. radii are 1, 2, 3 and
4 pm, respectively), (c)

10 x 10 dot array (applied
voltage 14 V, scanning rate

2.3 pm/s. each unit is composed
of a2 x 2 array. The dot size is
70 x 70 nm), (d) Al,O5 pattern
(dot size is 100 x 100 nm.
SHU is the abbreviation of
Shanghai University
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five parallel lines (applied voltage 15V,
scanning rate 1pum/s)

10=10 dot array (applied voltage 14V,
scanning rate 2.3um/s. each unit is composed
SHU is the abbreviation of Shanghai

(1)

Ji = —niqE = B

and
Ji = —qf (2)

where y; is the rate of anion movement, E is the electric
field inside the oxide layer, V is the applied voltage on
oxide layer.

The current efficiency of ion 7 is,

_ 3
n=7 (3)
J=1Ji+1, (4)

The anion reached the Si interface is,

dXo(l)

=N —= 5

f=M— (5)

It follows from formula (5) and formula (2),

@ Springer

-range: 10,00 um]

500 50 0
X-range: 10.00 [um]

four rings (applied voltage 15V, scanning
rate 1pum/s. radii are 1pm, 2pm, 3pm, 4pm,
respectively)

(d)

AlLO; pattern (dot size is 100nm=100nm.
University.)

dXO(l)
dt

where N; is the anion concentration in oxide layer.
The applied voltage on oxide layer is

V =V, —JAR (7)

Ji = —qNy

where R is the impendence of Si layer and A is the area of
oxide layer.
It follows from formula (7) and formula (1),
gl
L Xo(r)

(Vo — JAR) (8)

Assume the slight changes in current efficiency of ion

can be omitted, so
J;

J~— 9)
Nay

where
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Fig. 2 The scheme of charge movements inside thin films in AFM
anodic oxidation
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It follows from formula (9) and formula (8),

niqu,; VO Nay

Ji=—
XoNg — niqi;AR

(10)

follows from formula (10) and formula (5), we have

% _ niq 1 Vol (1 1)
dt qu ﬂaVXO(t) — I’li/,tiqulAR

For the boundary condition ¢t = 0, Xy(7) = 0,

Xo— .
/ g = / [qN X (1) qN,AR} o
nip; Vo

Vonav
where X; is the thickness of oxide layer before oxidation.
When X, > 0, Solve Eq. 12, we have

(12)

Fig. 3 Al,O; lines fabricated (a)
by anodic oxidation (the applied
voltage is 20, 18, 16, 14, 12, :
10 V from left to right,
respectively. Scanning rate is
2.3 pm/s). (a) AFM image and
(b) 3 Dimensional image
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Fig. 4 The AFM fabricated Al,0O5 lines under different scanning
rates. (The applied voltage is 12 V. From above to bottom the
scanning rates were 0.05, 0.1, 0.5, 1, 2 and 5 pum/s, respectively)

iGILAR QAR (20 V,
XO _ nigu; + \/(ﬂ qH; ) o ( il 0)[ (13)
Nay Nay N;

Add X; to formula (13), we have

niquAR niquARN? ([ 2nV,
Xo(t) = X; + q: +\/< q: ) —<—]C O)z

(14)

2n,ulV?t > ,qulAR 2 o
can be omitted. Formula (14) can be reduced to

when t,is sufficient large,
( AR
0

av

(b)

3 Dimensional image
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Fig. 5 The relationship between thickness of oxide layer and square
root of scanning rate

1/2
2n[:uivo> / t1/2 (15)

Xo(t) = X; + ( N,

From the above discussion, we can obtain the conclusion
that when the oxidation time is sufficient long (a thicker
oxide layer), the thickness of oxide layer is in direct
proportion to the square root of applied voltage and
oxidation time.

Figure 3 is the AFM image of six parallel Al,O3 lines
fabricated by AFM anodic oxidation under different
applied voltage. It can be observed that the thickness of
Al,O5 lines varied with the increasing of voltage.

Figure 4 is the AFM image of Al,Oj; lines fabricated
under different scanning rates. From above to bottom the
scanning rates were 0.05, 0.1, 0.5, 1, 2 and 5 pm/s,
respectively. The applied voltage is 12 V. With slower
scanning rate we can get thicker and broader line.

Figure 5 shows the relationship between thickness of
oxide layer and square root of scanning rate. From formula
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(15) we know the thickness is in direct proportion to the
square root of oxidation time, which means in inverse
proportion to the square root of scanning rate. This
conclusion is coinciding with the experiment results in
Fig. 5.

4 Conclusions

With AFM fabrication technique, Al,O; nanowire, rings,
dot array and pattern were fabricated on Si substrates with
SiO, surface layer. By analysis the mechanism of anodic
oxidation, we find that the thickness of oxide layer is in
inverse proportion to the square root of scanning rate. The
experimental results proves the conclusion.
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