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ABSTRACT :

When bombarded with 1 MeV N* ions, the surface of
anodically grown alumina films is smoothened. This polishing
effect was studied as a function of the ion bombardment
fluence and of the substrate temperature in the range 80 -
650 K. The techniques used to characterize the surface
roughness were Rutherford Backscattering Spectrometry,
Scanning Electron Microscopy and small angle X-rays
diffusion. It is suggested that atomic and/or electronic
sputtering is responsible for the smoothing effect which was
observed.



Introduction :

The ion beam polishing of rough surfaces is known
for many years and was in particular observed in metals,
where it is basically related to radiation induced material
transport leading to the smoothing of surface structures
[1-3]. The application of ion beam techniques to the surface
machining of glass and insulators was also studied and it
was found that an effective improvement of the surface
polish could be achieved [4], which may be of practical
interest in optics technology. In contrast to metals, the
erosion process in insulators is not well understood and
implies complex phenomena in relation with charge trapping
[5].

Another major investigation field where the
roughness plays a considerable role is adhesion. In this
case, the degree of roughness is an important parameter
related to the effective contact area between the two
materials in presence. Such an influence of the roughness
was recently evidenced in the case of copper deposited onto
teflon [6, 7].

In the case of the gold /alumina combination we
have shown in particular that the enhanced adhesion, induced
by high energy {1 MeV) ion bombardment through the gold
layer, could be considerably changed according to the
alumina substrate roughness [8, 9].

This last parameter could be controlled by a
suitable ion irradiation of the alumina substrate prior to
any gold film deposition and, starting from a rough sample,
an efficient surface smoothing was observed. The goal of the
present paper is to report in more details the results



concerning this ion beam polishing effect.

Experimental results :

The alumina samples used in these experiments
were thin films prepared by anodic oxidation of commercial
aluminium foils in an aqueous solution of sulfuric acid at
2.5 mole/liter. The current was ~ 2.6 A for an applied
voltage of 12-15 V. The resulting alumina film was about 0.8
- 6 |j,m thick, according to the elec'trolysis duration. The
ion bombardment necessary to change the roughness of these
samples was achieved using a 2.5 MeV Van de Graaff
accelerator and an electrostatic beam sweep system which was
described in detail in a previous paper [8]. In the chamber,
the sample was fixed with silver paint on a sample holder
which was thermally anchored to a cooling/heating system.
The temperature range was 80 - 650 K. In all the experiments
reported here, the sample was kept at normal incidence with
respect to the beam direction. The experimental procedure
was first to bombard the alumina layer either at various
doses for a fixed temperature or at a fixed dose for various
temperatures. In a second step, a 50 nm thick gold film was
vacuum deposited onto the sample. Then, Rutherford
backscattering analysis (RBS) was carried out.

In Figure 1, typical RBS spectra, restricted to
the gold signal, are shown for various bombardment doses.
The slope of the low-energy edge of the gold signal
corresponding to the gold/alumina interface is correlated to
the substrate roughness and is dramatically increased for
increased ion bombardment fluences, indicating that an
efficient smoothing process takes place. This RBS signal
slope was plotted in Figure 2 as a function of the ion
bombardment dose. Three regions can be distinguished. For
low fluences, up to about 1014 N*/cm2, no appreciable effect



is seen. For doses larger than 1014 NVcm2 , a significant
increase of the slope is observed, corresponding to a
smoothing effect, and, in a third stage, a saturation cf the
slope value is seen above about 10 16 N * / cm2. This
saturation is in fact likely related to the energy
resolution limit of the detector.

In Figure 3, the Scanning Electron Microscopy
(SEM) photographs corresponding to these three zones of
interest are shown.In Figure 3a and 3b, the surface
roughness is seen. Defects are also visible, indicating that
the gold film was not uniformely deposited, likely due to
the presence of pre-existing defects or impurities on the
alumina surface. In Figure 3c, these defects have
disappeared and the evidence for smoothness is clear. On the
other hand, a network of lines is visible, corresponding to
surface defects induced by the ion bombardment on the
alumina surface. A possible explanation would be that grain
boundaries have been revealed by the ion bombardment in a
similar way to a chemical etching [8], It is nevertheless
worth noting that the grain size determined in réf. 8 was
about 50 times larger than the typical domain size observed
in Figure 3c and that the two structures have not
necessarily the same origin.

The temperature dependence of the smoothing
process was then studied. For this purpose, the sample was
first held at 80 K and the slope of the RBS gold spectrum
was measured as a function of the bombardment dose.The
results are reported on Figure 2 and reveal that the
S-shaped curve is shifted to the low doses region, with
respect to the results obtained at 320 K.

In further experiments, a new alumina sample was
bombarded at a fixed dose, namely 2 1013N*/cm2, for various
temperatures ranging from 80 K to 650 K. As for previous



experiments, a thin film of gold was subsequently deposited
onto the sample and the slope of the low-energy edge of the
RBS gold spectrum was plotted as a function of the
bombardment temperature. The results are shown in Figure 4
and reveal that the slope decreases for increasing
temperature, consistently with the results reported in
Figure 2, which indicates that the smoothing process is far
more efficient at low temperature.

To characterize more quantitatively the surface
roughness, preliminary small angle X-rays diffusion
experiments were carried out, using the synchrotron
radiation facilities of the L.U.R.E. laboratory (ORSAY,
FRANCE). Samples anodized on one side only were prepared for
this purpose. The other side was covered with silicon grease
during the anodization process. This grease was subsequently
removed and the alumina sample was bombarded at various N*
ions fluences, at room temperature, according to the same
procedure as above. The results are reported in Figure 5a
and allowed us to deduce, on one hand, that the periodicity
of the diffusing objects does not change with the
bombardment dose and is about 26 nm but that, on the other
hand, the total diffused intensity is dramatically decreased
for increasing fluences. A possible explanation, consistent
with the SEM photographs shown in Figure 3, is that the
height of these diffusing objects is reduced by the ion
bombardment. Nevertheless X-rays diffusion was always
present, even for the largest N* fluences, as shown in Fig.
5b. It was checked that the unoxidized aluminium did not
contribute to the diffusion in this q-vector value range as
the spectrum was comparable to the base line. The observed
diffusion is therefore entirely due to the alumina film and
we thus deduce from the saturation that the smoothing seems
not to be indefinitely improved as a function of the
bombardment dose but that an additionnai roughening process
would take place at very large doses.



Discussion and conclusion :

Morphological changes induced by energetic ions
bombardment are common. Actually, it is known that ion
bombardment can lead to the development of various
topological structures, including ridges, ledges, flat
planes, pits and cones [10]. The basic physical processes
responsible for the formation of these features are
sputtering, ion reflection, redeposition of sputtered
material and surface diffusion of both impurity and
target-atom species.

In our case the morphological change induced by
the ion bombardment is smoothing. If surface diffusion were
the dominant process responsible for this effect, one would
expect an increased efficiency of the ion bombardment for
increasing temperature. As it was actually found that the
smoothing was more effective at low temperature for a given
dose, this suggests that the above process is at least
negligible in first approximation.

In other respects, it was reported that
monocrystalline sapphire bombarded with low-energy Cesium
ions exhibits a sputtering yield which is decreasing with
temperature in the range 77-475 K [11]. This result was
interpreted as a collisional process where collision
sequences propagated less far in the presence of lattice
vibrations. Assuming that the sputtering produced by 1 MeV
N * ions obeys basically the same law, the temperature
dependence of the smoothing efficiency that we observed is
consistent with the hypothesis that the atomic sputtering
would be the driving process.

Nevertheless, in the MeV energy range, the
nuclear stopping power is only a few percent of the
electronic one and, as a consequence, it is realistic to
consider the possibility that electronic sputtering is
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present. This process was analyzed for various oxides [12]
and is basically due to the decomposition of the substrate
resulting from ionization mechanisms. Oesorption of oxygen
is therefore expected and would be consistent with the
production of bubbles which were observed during previous
experiments [8].
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FIGURES CAPTIONS

Figure 1 : Rutherford backscattering spectra ("He* I MeV,

8^40", 8 l a b =170')' restricted to gold, for

various N+ ions bombardment doses. The
bombardment temperature was 80 K.

Figure 2 : Slope of the low-energy edge of the RBS gold
spectrum as a function of the N+ ions

bombardment dose. The value corresponding to
gold deposited onto virgin aluminium covered

with native oxide is shown for comparison.

Figure 3 : Scanning Electron Microscopy (SEM) photographs
correlated to the RBS spectra shown in Figure 1
The bombardment temperature was 80 K. The doses
were : a) 10*3 N+ /cm2 , b) 7.1014 N+ /cm2 ,
c) 5.1015 NVcm2.

Figure 4 : Slope of the low-energy edge of the RBS gold
spectrum as a function of the bombardment
temperature. The N+ ions fluence was 2.1013/cm2

Figure 5a : Small angle X-rays diffusion for different N+ ions
bombardment doses at room temperature. The
empty cell corresponds to the base line. One
channel = 5.3 10"* nm~! .

Figure 5b : Variation of the X-rays diffused intensity as a

function of the bombardment dose at room
temperature.
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