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We studied local anodization on permalloy (Ni80Fe20) thin film with an atomic force microscope (AFM), which

was performed by applying a voltage between the permalloy sample and conductive AFM tip. Comparing with

anodization on Si (100) substrate, nano-structures on the permalloy thin film was fabricated with low process-

ability. In order to improve the processability on the permalloy thin film, we used dot-fabrication method, that

is, a conductive AFM probe was kept at a position on the film during the anodization process.
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1. Introduction

Scanning probe microscope (SPM), such as a scanning

tunneling microscope (STM) and an atomic force micro-

scope (AFM), enables us not only to observe sample

surfaces but also to fabricate nano-structures. After the

pioneering work on local anodization by Dagata et al. [1],

the AFM anodization technique was applied to many

different kinds of materials like Si [2], GaAs [3], Al [4]

and Ti [5]. The mechanism of AFM anodization is

thought to be local electrochemical reaction on a sample

below an AFM tip using water [6]. Since one can fabri-

cate an insulating structure on sample surfaces with a size

of ~10 nm in height and ~100 nm in width, the technique

has attracted much attention as a nano-lithography. In

fact, fabrication of electronic device was attempted by

using this method [7].

In this paper we reported the results on local anodi-

zation of permalloy (Ni80Fe20) thin film. In order to

understand mechanism of AFM anodization on permalloy

film, we compared results on Si(100) substrate. We ex-

amined the fabrication method to increase processability

on the permalloy film.

2. Experimental

Fig. 1 shows a schematic of local anodization by AFM.

Applying a positive voltage to a sample, insulating nano-

structure can be formed below a conductive AFM tip. In

the experiments, the commercial AFM (JEOL, JSPM-

5200) and conductive Si cantilever covered with Pt/Ti

(MikroMasch) were used. Permalloy (Ni80Fe20) thin films

were prepared on n-type Si(100) substrates by using the

RF magnetron sputtering system (Shimadzu, HSR-551).

Observation and anodization on the film surfaces were

performed by using the tapping (AC) mode of AFM in air

with relative humidity of 40 to 50%.

3. Results and Discussion

3.1. AFM anodization on Si (100) substrate

On a Si(100) substrate nano-structures were fabricated

with high processability by the AFM anodization. A

nano-structure is able to be formed by the contact mode

of AFM, however, we used the tapping mode because it
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Fig. 1. Schematic of AFM anodization.
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gives less damage to the AFM tip. Fig. 2(a) shows a line

structure on the Si(100) substrate fabricated by AFM

anodization. Height of the line was almost constant, and

the continuous structure was fabricated. AFM tip speed

was 3 μm/sec. Fig. 2(b) shows height of fabricated lines

as a function of sample voltage, which an AFM tip was

moved with applying voltage during AFM anodization.

The height of the line-structures increased linearly by

changing sample voltage from 7 to 10 V. That is, the

fabricated structure by AFM anodization was controllable

by the sample voltage. By using this technique, we tried

to make complex structures on the Si(100) substrate. Fig.

2(c) shows an AFM image of nano-scale characters, which

is Japanese name of our university “Toyohashi University

of Technology”. The characters were fabricated by raster

tip scan with a voltage of 10 V and a tip speed of 3 μm/

sec using previously inputted coordinate data of the

characters. The size of each character was 2 nm in height

and 400 nm in width.

As described above, nano-structures on the Si(100)

substrate were fabricated with high processability; there-

fore, electrons flowing from conductive AFM tip through

a thin native oxide layer of the Si substrate could be

constant during anodization. Flat surface of a substrate

can be also required for flowing constant anodization

current. In case of the Si(100) surface, average roughness

Ra was 0.12 nm in the AFM measurement, which is small

enough for fabrication of consecutive line by AFM

anodization.

3.2. AFM anodization on permalloy thin film

Fig. 3 shows an attempt of fabrication of line structure

on the Ni80Fe20 permalloy thin film with a sample voltage

of 5 V and a tip speed of 1 μm/sec. A thickness of the

permalloy film on the Si(100) substrate was 30 nm. As a

result of this attempt of anodization, irregular structure

was formed instead of one line as shown in Fig. 2(a). In

experiments for anodization on several kinds of materials

we found that processability of anodization largely differs

by materials. Namely, the uniform structures were fabri-

cated on the Si substrate, however, on the permalloy, Fe,

Ni and Co thin films the irregular structures and protru-

sions were often formed.

In order to improve processability for anodization on

the permalloy film, we used dot-fabrication method,

which the conductive AFM tip remains stationary during

anodization process. In this method the voltage with long

duration time at each position was applied. Fig. 4(a)

shows an AFM image of two rows of dots with distances

of 40 nm (right side) and 15 nm (left side) with the

Fig. 2. AFM image of fabricated nano-structures on Si(100)

substrates by AFM anodization. (a) Line structure, (b) heights

of fabricated lines as a function of sample voltage and (c) fab-

ricated nano-character.

Fig. 3. Attempt of fabrication of line structure on permalloy

thin film by AFM anodization.
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duration of 100 ms. By using the dot-fabrication method,

processability for anodization on the permalloy film

increased in comparison with that of line-fabrication

method. Fig. 4(b) shows a cross-section of the row of dots

with periodicity of 40 nm on the permalloy film. Dots

were created at all positions where voltages were applied.

Although the processability was improved, heights of

fabricated dots were not exactly equal. When we applied

a voltage in short distance, the structure of connected dots

was obtained as seen in Fig. 4(c). Fabrication of dots with

shorter distance can produce one line ultimately on the

permalloy thin film. Fig. 4(d) shows the heights of

fabricated dots as a function of a sample voltage. The

thickness of the permalloy film was 30 nm and average

roughness Ra was 0.17 nm. In case of the permalloy film

the heights of the dots were not proportional to the sample

bias voltage, moreover, standard deviations of heights on

the permalloy film were larger than one on the Si(100)

substrate.

Processability of AFM anodization would be influenced

by conditions of surface oxide layer such as thickness,

stiffness, roughness and so on. During AFM anodization,

current flows from a substrate to AFM tip through an

oxide layer by the tunneling effect. In our experiments,

the uniform structure was fabricated on the Si(100) sub-

strate (Fig. 2(a)), however, the fabricated structures on the

permalloy film was irregular (Fig. 3 and 4). So, non-

uniformity of oxide layer on the permalloy film may cause

low processability for AFM anodization; it might induce

to change the anodization current and the resultant irregular

structure on the surface. Otherwise, tip contact during AFM

anodization may destroy the oxide layer of permalloy

film. Then, flowing large anodization current at a position

with the destroyed oxide layer may induce large protru-

sion on the surface. On the other hand, surface roughness

can not be the reason for different processability because

both the Si(100) substrate (Ra = 0.12 nm) and the permalloy

film (Ra = 0.17 nm) was small enough.

4. Conclusions

We investigated AFM anodization on the permalloy

film. Fabricated structures on the permalloy film were not

uniform in comparison with that on the Si(100) surface.

In order to increase the processability on the permalloy

film, we attempted to use dot-fabrication method. However,

heights of dots were still inhomogeneous. To improve the

processability for fabrication of nano-scale structure on

the permalloy thin film, the role of oxide layer of the

surface for AFM anodization must be investigated for

fabrication of nano-scale magnetic devices.
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Fig. 4. Fabrication of dot structures by AFM anodization on

permalloy thin film. (a) AFM image of dot-structures with dis-

tances of 40 nm (right side) and 15 nm (left side), (b) a cross-

section of dots with distance of 40 nm, (c) a cross-section of

dots with distance of 15 nm, and (d) Heights of fabricated dots

as a function of sample voltage. The permalloy film after 24

hours from fabrication was used.
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