2024 4R FAJE T WFJEBIEHER - R T RM RIS B J6 K A B 2 I 5
— I R 2E Rl S 2
[2024202008]

Co A AUNZEKDAA U Ty I RBBEEDERER

Elucidating the Formation Mechanism of Ion Tracks under Ceo Ion Irradiation
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Abstract

The impingement of a Ceo cluster ion upon a solid can realize the temporospatially correlated injection of sixty C atoms
to the solid at the same time and the same place within a dimension of Cep molecule of 0.7 nm in diameter. This could
result in ion track formation that differs from that of conventional monatomic ion irradiation. Although no ion tracks have
been observed in Si even under high-energy 3.6-GeV monatomic U ion irradiation, certain tracks have been found in Si
under low-energy 1-MeV Cg ion irradiation. Here, we report investigation of the track formation under Ce ion irradiation
of less than 1 MeV: (i) With decreasing the ion-energy, the diameters and lengths of the tracks decreased; however, the
length decreased more steeply than the diameter. (ii) Although the tracks were fuzzily perceived down to 60-keV irradiation,

no tracks were observed under 30-keV irradiation, except for an extended damage zone.
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Figure 1. Side-view images of ion tracks in Si, formed with Cgo ion irradiation of various energies ranging from 9

MeV to 30 keV, which were observed by bright-field transmission electron microscopy (BF-TEM). The samples
were irradiated to a fluence of 1 x 10" Cgo/cm? except to 5 x 10'° Ceo/cm? at 750 keV and 9 MeV. The black thin
layers are Pt films deposited as surface markers. The P-layers are protection layers against FIB, made of deposited

amorphous carbon. [/
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Figure 2. Top-view images of ion tracks in Si, formed with Cso ion irradiation of energies ranging from 750 keV to
30 keV, were observed by BF-TEM. The samples were irradiated to a fluence of 1 x 10" Cgo/cm? except to 5 x 10'°
Coo/cm? at 750 keV. The ion tracks are indicated as white dots. Tracks were not detected at 30 keV. [7!
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Figure 3. Ion energy (E) dependence of the mean track
length (L, @) and the mean diameter (D, A) in Si
irradiated with Cy ions, determined from TEM images.
The E-dependences of L and D are fitted by power laws,
as indicated by the solid and broken lines.
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