Experimental study of craters induced under gold cluster ions
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Abstract

The study of energetic particle (cluster) impact on solid surfaces has garnered significant
attention due to its ability to induce various intriguing phenomena, some of which are not yet
fully comprehended. These phenomena encompass surface erosion (involving sputtering and
the formation of craters) as well as implantation. Among these phenomena, the investigation
of crater formation holds particular significance in the realms of space science, material
modifications, surface analysis [1], and various technological applications [2].

To validate our theoretical model [3] elucidating the mechanism behind crater formation, we
conducted an experimental study at the Andromede facility in France [4]. This study involved
subjecting thin gold samples to individual impacts from 1.5 and 3 MeV gold clusters with an
ions fluence of approximately 108 ions/cm2. These thin gold layers were deposited on silicon
wafers using a magnetron sputtering process, with thicknesses ranging from 4, 20, to 40 nm.
Subsequently, we employed Atomic Force Microscopy (AFM) measurements using the NX20
Park System to analyze the irradiated samples. Our examination of the gold-irradiated samples
unveiled the presence of two distinct types of surface erosion defects: simple and complex
craters, with some exhibiting centrally positioned hillocks while others had laterally positioned
ones. We utilized different cluster sizes in this experiment, including Auiso, Ausoo, and Auzoo
clusters, and proceeded to compare the results.

The experimental data we collected included excavated atoms from the craters, crater depth,
radius, aspect ratio of the craters, and crater volume. We then compared these experimental
findings to the values for crater depth, radius, and volume calculated using our theoretical

model.
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