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Abstract

Silicon is known as a hard material against ion irradiations in the electronic stopping regime. Any monoatomic swift
heavy ions with any energy do not form ion tracks in Si. It was reported that only Ceo ions of a few tens MeV formed the
tracks. The electronic stopping power (S.) threshold of ~30 keV/nm for the track formation was determined from an
extrapolation from the track radii formed by 20-40 MeV Cso ions. Nevertheless, we have observed track formation in Si
under 6 MeV Cg ions (S = 18 keV/nm), which is much lower than the extrapolated threshold of ~30 keV/nm. To clarify
the mechanism of the track formation in Si with much lower S, than the threshold, we have observed more detailed
structures of the ion tracks using transmission electron microscopy (TEM). Some Si samples, which were thinned down
to the thickness less than ~100 nm by the focused ion beam (FIB) milling, were irradiated with 9 MeV Cg ions from the
nearly surface normal incidence. Nearly spherical track heads were detected by TEM observation from the surface normal
direction. With tilting to 30°, the tracks were observed as pairs of white entrances and black cylindrical bodies. The other
Si samples were firstly irradiated with Ceo ions in a bulk form, and then cross-sectional samples were fabricated by FIB.
From the samples, detailed structures of ion tracks with nodes and possible branches were observed.
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Figure 1. Bright field TEM images of ion tracks in c-Si
induced by 9MeV Cgo>* ion irradiations to the pre-
thinned samples. The observation angle was 0° for (a)
and 30° for (b) and (¢) from the surface normal. In (b)
and (c), the entrances and the main bodies of the tracks
are visible as white circles and black rods, respectively.
Less modified regions, i.e., gaps, are observed between
the entrances and the main bodies as shown in (b) and
(©).
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Figure 2. Bright field TEM images of ion tracks in the
cross-sectional  configurations.in c¢-Si induced by
9MeV Ceo®" ion irradiation. Black thick layers are
deposited Pt layers for surface marker. Black lines
perpendicular to the surface markers are ion tracks. (a)
a normal magnification image and (b) an expanded
image of the tracks.
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