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a b s t r a c t

Grazing incidence ion impact on a flat terrace lets the projectile reflect specularly off the surface, leading
to little or no damage production or sputtering. The presence of isolated surface defects may change this
behaviour drastically. We investigate this phenomenon for the specific case of 5 keV Ar ions impinging at
83� towards the surface normal onto the Pt (111) surface. Molecular-dynamics simulations allow to
study the influence of isolated adatoms in detail. The scattering of the projectile from the adatom can
redirect the projectile, or let the adatom recoil, such that either of them deposits considerable energy
in the target surface, leading to abundant damage production and sputtering. Two distinct collision zones
are identified: (i) When the projectile hits the surface in front of the adatom, it may collide with the ada-
tom indirectly (after being specularly reflected off the surface); (ii) alternatively, it may hit the adatom
directly. We quantify our results by measuring the zone of influence (ffi 13 Å2) around the adatom, into
which the projectile must hit in order to collide with the adatom, and by the sputter cross section of
roughly 110 Å

2
. The data compare well with previous simulation results of sputtering from an atomically

rough surface.
� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Grazing-ion incidence on surfaces is interesting both from a
fundamental and from an applied point of view [1]. Glancing-ion
reflection or channelling along the surface has been used as a
means for surface analysis; this technique has brought interesting
insight into many aspects of surface science, including electron
emission [2], surface magnetism [3], and surface topography [4].
Ion beams at glancing incidence are also used to pattern surfaces,
and can induce in particular pronounced ripple structures on the
surface [5]. Recently, the application of glancing-ion incidence on
nanopatterning of surfaces has been investigated and the detailed
atomistic aspects of glancing-ion incidence on surfaces were
shown to be relevant for an understanding of the initial stages of
pattern formation on metallic surfaces [6].

Flat surfaces reflect ions at specular incidence quite ideally,
with only little energy transfer to the surface. As a consequence,
little or even no damage is formed on the surface, and no sputter-
ing occurs. However, even slight imperfections of the surface may
alter the situation dramatically. Thus a considerable influence of
the target temperature on sputtering has been found in this regime

of incidence angles [7]; such a temperature dependence is due to
the resulting surface irregularities, which strongly affect the reflec-
tion. Monoatomically high surface steps, which separate one ter-
race from the other, also strongly scatter the incident ion and are
hence a source of abundant sputtering and damage formation.
The influence of these steps on damage formation, and hence on
the onset of pattern formation on the surface, has been analyzed
recently [8,6]. Finally, at low temperatures, surfaces may be atom-
ically rough. In a simple model, assuming the atomic roughness to
be provided by a random distribution of adatoms, atomic rough-
ness was shown to dramatically increase sputter and damage
yields for grazing incidence angles [9]. However, in that investiga-
tion, the detailed mechanism, by which this enhancement is pro-
duced, could not be resolved.

We note that since the early 1970s, the technique of low-energy
ion scattering (LEIS) was used successfully to study the composi-
tion and structure of the surface [10–13]. It allowed to measure
pre-existing surface defects and also adsorbates [14–17]. This
experimental technique is based on an analysis of the fate of the
ion after scattering off the surface; for the determination of adsor-
bate characteristics, also the detection of the recoiling atom (LERS)
could be employed [18]. The appropriate theoretical and simula-
tion tool consists therefore in so-called classical trajectory simula-
tions, in which the result of the ion impact on the target could be
ignored [10,11]. These simulations did not allow to determine
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