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Abstract

The emission of secondary electrons and ions from clean Au, C H —Au and SiO, surfaces at impact of slow (v=03
Upoye) i0Ns has been measured as a function of incident ion charge for 1 + < ¢ <75 + . Electron yields from thermal silicon
dioxide films (150 nm on Si) are found to be lower than those from Au and C H —Au for ¢ >3 +. Yields of negative
secondary ions from SiO, and C,H ~Au were recorded in parallel with electron emission data and exhibit a ¢", n =4,
dependency on incident jon charge. A direct comparison of collisional and electronic contributions to secondary ion
production from SiO, films using a beam of charge state equilibrated Xe9=9°9 (at 2.75 keV /u) shows positive and negative
secondary ion yield increases with incident ion charge of > 400. Results are discussed in relation to key signatures of

electronic sputtering by Coulomb explosions.

1. Introduction

Tons traveling in solids develop an equilibrium charge
state distribution. Initial charge states of highly charged
ions used in this study are much larger than the mean
equilibrium charge states that correspond to their low
velocities (v = 0.3 vggs Exin <3 keV/u) [1. ““Slow”
highly charged ions are differentiated from ‘fast’” ions of
similar high charge states with velocities v > vp,,, which
are produced by charge state equilibration in gaseous or
solid targets at MeV /u energies.

Studies of the interaction of slow highly charged ions
(HCI) with surfaces have drawn considerable attention
over the last decade [2-4]. Having reached a critical
distance from a metal surface, incoming ions begin to
resonantly capture electrons from the target conduction
band into highly excited Rydberg states, with binding
energies approximately equal to the metal workfunction.
Corresponding principal quantum numbers of n= 60 can
be estimated from the ‘‘classical-over-the-barrier-model”’
[3] for the interaction of Au®* with Au surfaces. While
ions approach a surface, excited states decay by autoion-
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ization and resonant ionization processes, the former giv-
ing rise to electron emission into the vacuum [5,6]. Typical
transition times for Auger- and radiative transitions are far
too long for the ion to de-excite completely above the
surface. With most electrons populating high » Rydberg
states, a highly excited, but neutra] ‘*hollow atom’’ finally
hits the surface. It has been suggested that hollow atom
formation in front of insulator surfaces is relatively inhib-
ited in comparison to impact on metals [7]. At impact,
electrons in Rydberg states with radii in excess of a
characteristic surface screening length are peeled off, and a
fraction of electrons escapes into the vacuum. De-excita-
tion continues below the surface via rapid side-feeding
processes of target electrons into energetically favorable
ion vacancies, accompanied by a multitude of radiative and
Auger transitions. Total neutralization times are in the
order of tens of femtoseconds. During this time highly
charged ion potential energies of up to several hundreds of
keV are dissipated. The quantitative differentiation of the
various energy dissipation channels (target lattice excita-
tions, secondary electrons, photons, X-rays, Auger-elec-
trons, secondary ions and neutrals) is the underlying chal-
lenge of this rapidly developing field [2-4]. In a model of
electronic sputtering, Parilis et al. [8] have proposed a
Coulomb explosion mechanism for the description of high
secondary particle yields from insulators and poor conduc-
tors at highly charged ion impact. The model assumes that
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