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Local surface modifications of a diamond like carbon (DLC) film are carried out by applying voltages to conductive (Au
coated) AFM probes in the contact mode. The DLC is deposited on a silicon substrate by ECR sputtering. When DC voltages are
applied as the probe is scanned, two types of modifications such as hollows and mounds are formed in negative bias (-3 ~ -5V).
When negative voltage pulses (-15V) are applied to the probe contacting with a point on the DLC, small pits are formed.
Diameters of the pits decreases with decrease of the pulse width in the range from 1000ms to 10ms. The pit formed by the voltage

pulse with 10ms width has 20nm diameter.
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1. Introduction

One of potential applications of scanning probe microscope
(SPM)-based techniques is high density data storage. As the tip of
an SPM probe is very sharp, we can record and read small dots or
letters on solid surfaces[1-7]. This technology is called "point
recording". A basic technology of the point recording is to form
very small patterns having different physical properties from
those of the surrounding area, i.e. local surface modifications.

In this paper, we describe the electric surface modifications of a
diamond like carbon (DLC) film, especially surface topography
changes of the DLC film by applying voltages between a probe of
an atomic force microscope (AFM) and the DLC film.

The DLC films are commercially used as protective overcoats
of recording media and recording head sliders of magnetic data
storage devices or they were applied to sliding parts of
electrostatic micromotors[8], since the DLC films are highly
wear-resistant materials. Therefore, if the surface modifications
of the DLC films are possible by using the SPM probes, they are
very suitable recording materials for high density recording
devices using the point recording technique, because they have
excellent mechanical properties.

2. Experimental method

The DLC film was deposited on a silicon substrate by the
electron cyclotron resonance plasma (ECR) sputtering method.
The wear resistances of the DLC films formed by this method are
almost same as that of bulk diamond and are higher thlan the wear
resistances of films deposited by RF sputtering method[9]. The
thickness of the DLC film was 25nm. Figure 1 shows an
experimental system to modify electrically the surface of the DLC
film. Conductive AFM probes of pyramidal shapes coated by Au
film were used. The tip radius of the probes was less than 20nm.
A resistor R (33.3kQ) was connected to the sample in a series to
evaluate the electric current flowing through the probe.
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Modifications were carried out in air by two methods. In the
first method, the DC modification voltages V=Vmnoq were applied
to the conductive AFM probe as it was scanned in the contact
mode (contacting load: 5nN) on a square area (200nm x 200nm or
800nm x 800nm) of the DLC surface. Scan rate and number of
scan lines were ls/line and 64lines, respectively. The
modification voltages were between +5V and -5V. In the second
method, the AFM probe was contacted to a fixed position on the
surface of the DLC and pulse like modification voltages of -15V
with various pulse widths were applied to the AFM probe. Before
and after the modification voltages were applied, the topographies
of the DLC surface in larger areas including the voltage
applied areas or points were observed by the AFM with the probe
used in the modifications.

3. Results and discussion

At first, we describe the results of the electric modifications
by the first method, i.e. the modifications in which the DC
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Fig. 2. Topography of DLC film before and after application of
+3V to 200nm x 200nm area.

voltages were applied as the probe was scanned. When the
modification voltages were positive, changes in the surface
topography did not observed except Vioa= +3V. Figure 2 shows
AFM images of topography before and after the application of the
modification voltage +3V. In the images, the areas expressed
more brightly have higher surface levels. After the voltage
application, some clusters of the DLC in the central part of the
image were eliminated.

In the negative modification voltages above -2V, apparent
surface changes were not observed. However, when the voltages
below -3V were applied, remarkable changes in the surface
topography occurred. Shapes of the modified portions depended
on the modification voltages. In the voltages Vyoe= -3V and
-4V, only hollows were formed in the area where the modification
voltages were applied. Yields with which the hollows were
formed were about 10% in the case of Vyoq= -3V and about 40%
in the case of Vinee= -4V. Figure 3 is AFM images to show the
change in the surface topography by the application of the
meodification voltage -3V. The hollow of almost square was
formed in the voltage applied area. When the modification
voltage was -5V, both the hollow and mounds were formed.
Figure 4 shows the topographic image of one of microstructures
formed by applying V.= -5V. Around the hollow, some

78

- >

500nm

> |

1000nm
(b) After voltage application

Fig. 3. Topography of DLC film berfore and after application of
-3V to 200nm x 200nm area.

radialized mounds were formed. In the modification voltage of
-5V, the topography changes occurred in all cases of the voltage
applications. In the negative voltage below -2V, the probablity
that the surface topography changes arose increased with increase
of the magnitude of the modification voltage.

Concerning the electric current flowing through the probe
during the application of the modification voltage, there was a
tendency that the currents when the surface topography changed
were much smaller than those (order of 10uA) when the
topographic changes were not observed. This means that a
reaction which accompanied decrease in the current took place
when the hollows or the mounds were fomed on the DLC surface
or the surface resistivity of the DLC increased as & result of the
modification.

Since the topography changes occured by the applications of
the negative modification voltages in the first method, we tried to
form micro pits on the DLC surface by applying negative
voltage pulses. Figures 5 and 6 show the topgraphic images of the
micro pits formed by applying single voltage pulses of -15V with
different widths. When the pulse widths were 50ms (Fig. 5) and
10ms (Fig. 6), diameters of the pits were about 25nm and 20nm,
respectively. The diameter decreased almost linearly with
decrease of the pulse width in the range from 1000ms to 10ms.
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Electric surface modifications of graphite using SPM were
carried out by some researchers{1,10-12]. Graphite is conductive
and composed of carbon atoms as well as the present DLC
sample. Hosaka et al.[12] reported that two types of surface
modifications, such as pits and mounds were observed on the
graphite surface by applications of voltage pulses (-5V).

Concerning the polarity of the modification voltage, formations
of the distinct hollows and pits were possible in the negative bias
of the probe, in our experiment. This polarity agrees with the
results in the experiments using graphite by Rabe et al.[10] and
Hosaka et al.[12] but is opposite to the porality as reported by
Mizutani et al.[11] also in the experiment using graphite.

The mechanism of the surface modifications of the DLC is now
being studied. One possible mechanism by which the hollows and
the pits were formed is a chemical reaction between carbon atoms
and water molecules, by the analogy of the surface modifications
of graphite[11].

4. Conclusions

Local surface modifications of a DLC film deposited on a
silicon substrate by ECR sputtering were carried out by applying
various bias voltages to an Au coated AFM probe in the contact
mode. When DC voltages were applied as the probe was scanned
on a square area of the DLC surface, two types of modifications,
such as hollows and mounds around the hollows, were formed in
negative bias (-3 ~ -5V) of the probe with respect to the DLC.
When negative single voltage pulses (-15V) were applied to the
probe contacting with the DLC surface, small pits were formed.
The diameter of the pit decreased with decrease of the pulse width
in the range from 1000ms to 10ms. The pit formed by the voltage
pulse with 10ms width had about 20nm diameter.

(Manuscript received June 16, 2000, revised September 25,

2000)
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Fig. 4. An example of topographic image of DLC film after
application of -5V to 800nm x 800nm area.

2000nm

Fig. 5. Topographic image of DLC film after application of
voltage pulse (-15V) with the width of 50ms. Scanning area is
200nm x 200nm.

Fig. 6. Topographic image of DLC film after application of
voltage pulse (-15V) with the width of 10ms. Scanning area is
200nm x 200nm.
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