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ABSTRACT
Radiation damage in a (initially crystalline) silicon wafer was generated by microbeam ion implantation with 600 keV Si+ ions (ßuence 5 × 1014 ions/cm2). To produce micro-areas with different
degrees of damage, 14 implantations at different temperatures (between 23 and 225 °C) were done.
The structural state of irradiated areas was characterized using Raman spectroscopy and electron
back-scatter diffraction. All irradiated areas showed strong structural damage in surÞcial regions (estimated depth <1 μm), and at implant substrate temperatures of below 130 °C, the treatment caused
complete amorphization. Back-scattered electron (BSE) image intensities correlate with the degree
of irradiation damage; all irradiated areas were higher in BSE than the surrounding host. Because
there were no variations in the chemical composition and, with that, no Z contrast in our sample, this
observation again supports the hypothesis that structural radiation damage may strongly affect BSE
images of solids.
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INTRODUCTION
In a recent study, Nasdala et al. (2006) described that structural radiation damage may notably increase the back-scattering
of electrons and, thus, affect the grayscale patterns observed in
back-scattered electron (BSE) images of single crystals. In that
study, the BSE intensity of zircon (ZrSiO4) single crystals correlated with the degree of accumulated self-irradiation damage,
with the average atomic number (i.e., Z contrast) being less
signiÞcant for the BSE. Their assertion was supported by the
demonstration of how dry thermal annealing of the radiation
damage, which was claimed to have only minor effects on the
chemical composition, leads to a clear decrease of the mean backscatter coefÞcient (η). The authors attempted to explain their
observation with decreased penetration depths of incident beam
electrons in disordered structures, and assigned their observation
as special case of electron channeling contrast.
In the meantime, not the interpretation but the observation
has been questioned by several colleagues suspecting that the
BSE intensity loss upon annealing might be due to changes in
concentrations of elements that are not analyzed in the electron
microprobe, such as loss of water. This aspect has already been
discussed by Nasdala et al. (2006) who stated that if there was
unrecognized loss of water, Z, and, with that, the BSE intensity
should increase, whereas the opposite was observed. On the
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other hand, it is clear that chemical changes of elements that are
below the detection limit of the electron microprobe, or are not
detectable, cannot be excluded from the outset.
In this paper, we present an unambiguous example for increased electron back-scattering caused by radiation damage.
Structural damage has been produced by the local irradiation of
a silicon wafer with silicon ions. This has produced a crystalline
sample with several heavily damaged micro-areas, which uniformly consist of pure Si. Any Z contrast (Hall and Lloyd 1981;
Lloyd 1987) can therefore be excluded in this case.

SAMPLES AND EXPERIMENTAL DETAILS
A synthetic silicon sample, polished parallel to the crystallographic (100) plane,
was implanted with 600 keV Si+ ions. Irradiation experiments were done using the
nuclear microprobe at the 3 MV tandetron accelerator of the Forschungszentrum
Dresden-Rossendorf (Herrman and Grambole 1995). The sample chamber was
evacuated to ~10–8 mbar. To avoid notable ion channeling effects (e.g., Raineri
et al. 1991; Dos Santos et al. 1995), the beam was irradiated with an angle of 7°
to the surface normal. The beam was focused to a nearly square area 150 μm in
size. The current density was 80 μA/cm2, and the implantation ßuence was 5 ×
1014 ions/cm2. To produce areas with different degrees of damage, 14 irradiation
experiments under identical conditions but at different temperatures were done.
In doing this, we used the well-known fact that the amorphization rate of ionbeam irradiated solids depends strongly on temperature (e.g., Wang et al. 1998a,
1998b). To avoid any damage annealing upon re-heating, experiments were done
beginning with the highest temperature (225; 200, between 180 and 100 °C at 10°
steps; 80; 34; 23 °C). Implanted areas were placed in a row with separations of
0.3 mm. Considering the high thermal conductivity of silicon and the small size
of the focal-spot area, local heating of the sample as a result of the implantation is
negligible (compare Melngailis 1987).
Micro-Raman measurements were done with a Renishaw RM1000 spectrom-
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