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Fig. 1. (color online) Diode voltage, current and beam
current density of TEMP-4M accelerator.
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Fig. 2. The ablation products collection platform.
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Fig. 3. (color online) Infrared diagnostic result of the

energy density distribution (J/cm?).
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Fig. 4. SEM images of Zn surfaces: (a) Nonirradiated; (b), (c) after irradiation by 10 pulses IPIB.
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Fig. 5. SEM images and EDS results of Si surfaces: (a) Si before Zn irradiation; (b) to (f) different areas in Si after

Zn irradiation by 10 pulses IPIB.
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Table 1. The percentage of Zn and Si atoms in each

marked region of Si.

JgtE NME1 fME2 fME3 fE4 fLES5 fiEH6

Zn 0 26.08% 1.90% 0.99% 4.16% 93.34%

Si 100% 73.92% 98.10% 99.01% 95.84% 4.66%
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Fig. 6. (color online) Power density distribution of
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Abstract

Intense pulse ion beam (IPIB) has been extensively used in material surface modification. The ablation effect plays
an important role in the interaction between IPIB and material. Therefore, the understanding of ablation mechanism
is of great significance for IPIB application. Here, to investigate the ablation process and the characteristics of ablation
products, pure zinc targets are bombarded by TPIB of 1.2-1.5 J/cm? energy density at TEMP-4M accelerator. The
ablation products are collected by monocrystalline silicon substrates in the IPIB irradiation process. By using the
scanning electron microscopy, energy dispersive spectrometer and high precision balance, the surface morphology of the
substrate and the characteristics of ablation products are obtained. The majority of observed ablation products are
nearly circular particles with diameters of 0.03-2.00 pm. There are a small number of zinc droplets and solid debris
with large irregular shapes on the silicon substrate. Combining Monte Carlo method and infrared imaging diagnostic
results, a heat conduction model is constructed by finite element method to describe the distribution and evolution of
thermal field formed by IPIB on a zinc target. The results show that the zinc target can be melted and evaporated
under a 1.2 J/cm? IPIB irradiation. By comparing the experimental resuls with the simulation results, it is found that
the gaseous, liquid and solid ablation products are generated collectively in the zinc ablation process. The causes of the

different ablation products are also studied.

Keywords: intense pulse ion beam, ablation, ablation products, interaction

PACS: 52.59.-f, 68.55.—a, 79.20.Rf DOI: 10.7498/aps.66.055202
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