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Secondary charged particle emissions
induced by low-energy ion impact on

non-metallic surfaces
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WmXABEDES

It is well known that the interactions of energetic particles with solid surfaces
lead to the emission of particles such as electrons and target atoms from the target
surface. This is usually referred to as the secondary particle emissions. One of the
fundamental observations of this phenomenon is the measurement of the secondary

particle emission yield, vy, defined as the average number of particles emitted per

the incoming particle. There are a lot of experimental as well as theoretical studies
on the secondary electron emission yields induced by ion impact on the metal
surfaces. Therefore, the relevant mechanisms have been understood reasonably
well. However, investigations on the secondary ion emission yields have still been
limited.

Furthermore, only a few attempts have been made so far in understanding
phenomena under ion impact on the non-metallic surfaces though alkali-halides
have been investigated in some details. Therefore, we do not have sufficient
understanding in the interaction mechanisms between ions and non-metallic
surfaces.

The purpose of the present study is to reveal any difference in the interactions
of ions with metal and non-metallic surfaces. Such studies are of great importance
not only in basic physics but also in applied fields such as very-large-scale-
integrated-circuits (VLSI) technology, fusion plasmas, surface analysis etc.

In the present study, the secondary electron emission yields, y~, and the

secondary positive ion emission yields, y*, from some non-metallic surfaces induced
by low energy ion (0.3~100 keV H*, 2.5 keV Hz* and 2.5~150 keV Ar*) impact
have been measured using a cylindrical double-wall cup under an ultra high vacuum
chamber (~10-11 Torr) pumped down with the combination of a turbo molecular
pump, an ion pump and a titanium sublimation pump with a liquid nitrogen trap.
In order to clean the target surfaces they were sputtered with argon ions and also
heated with a ceramic heater placed behind the target. An Auger electron

spectrometer has been used in order to check the surface cleanness.
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It has been found that the observed y~ from the non-metallic surfaces is
proportional to the electronic stopping power over the collision energy range
investigated. It is noted that similar relations are well known in metal targets.
However, the proportional coefficients in Yy~ are 2-3 times larger than those for
metal targets. These results also agree with tendencies for oxygen-covered metal
surfaces observed in the present experiment which show that Yy~ increases as the
oxygen coverage increases. We have also observed, for the first time, an interesting
phenomenon where the observed vy~ strongly depends on the incident ion beam flux
and becomes zero above a critical ion flux for SrCeQO3 target.

Similarly, we have found that the observed y", which has been found to be
independent of the incident ion flux investigated, is larger than the results
calculated with the TRIM code. It has been found from TRIM code calculations,
however, that a significant part of the observed y* in proton and hydrogen molecular
ion impact are due to the secondary electrons emitted from the wall of the inner cup
under impact of the neutral primary particles backscattered from the target
surfaces. Nevertheless, the observed y* from non-metallic targets under argon ion
impact is far large, compared with the calculated results. Then it has been found
that v+ induced by argon ion impact on SrCeOs is proportional not to the nuclear
stopping power, but to the electronic stopping power. This result shows that a
greater part of these secondary ions are not emitted by physical sputtering. The
observed y* in 2.5 keV argon ion impact seems to be in reasonable agreement with
that extrapolated from the data available which is believed to be due to the
Coulomb explosion on the non-metallic surfaces.

Furthermore, in order to identify the mass and energy of the secondary
positive ions emitted from targets, two different techniques have been used: One
was a collector method using graphite and beryllium sheets which were analyzed
with Rutherford backscattering technique using 1.8 MeV helium ions. Another was
the mass and energy analysis with a quadrupole mass spectrometer attached with

four meshes, to which the retarding voltage was applied for kinetic energy selection.
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Both experiments confirm that target elements are emitted as ions (as well
as neutrals) by the incident ion impact. Furthermore, the second experiment shows
that these emitted ions have large kinetic energy, comparable to the incident ion
energy. Such large kinetic energy can be qualitatively understood to be provided
probably by the electrostatic potential caused by local charge-accumulation of the
incident ions on the non-metallic surfaces due to their high resistivities. This

phenomenon can also explain how the observed Y~ depends on the incident ion beam

fluxes because some fractions of the electrons produced in the target are not able to
overcome the Coulomb barrier generated by accumulation of the incident ion charge
and can not be liberated into vacuum.

It is concluded from the present work that the key mechanisms responsible in
the secondary particle emissions from the non-metallic surfaces are very different

from those in metal targets induced by the energetic ion impact.
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