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Abstract  [Background] Single-crystal 3C-SiC is a promising material for nuclear and micro/nano-device
applications because of its excellent irradiation resistance, thermal stability, and mechanical properties. However, the
swelling behavior of 3C-SiC under ion irradiation, together with the associated changes in electronic and mechanical
properties, has not been systematically clarified, especially in relation to its potential use for surface micro/nano
structuring. [Purpose] This study aims to explore the irradiation-induced swelling behavior of single-crystal 3C-SiC
under Ar-ion irradiation, establish its relationship with work function and hardness evolution, and assess the
feasibility of exploiting this swelling effect for three-dimensional (3D) micro/nanostructure fabrication. [Methods]
Firstly, single crystals of 3C-SiC sample at size of 10 mmx10 mmx0.8 mm (including Si substrate) were obtained by
laser cutting from a wafer with an epitaxial layer thickness of (300+30) nm. Then, these samples were irradiated by
140 keV Ar-ions at fluences ranging from 5x10" ions * cm™ to 2x10" ions * cm™ at room temperature, and the
distributions of displacement damage (DPA) and Ar concentration were calculated using Stopping and Range of lons
in Matter (SRIM). Subsequently, irradiation-induced swelling was characterized by the step-height method using
atomic force microscopy (AFM) between adjacent irradiated and unirradiated regions, and Kelvin probe force
microscopy (KPFM) was employed to measure the surface potential difference and evaluate the work function
variation. Finally, nanoindentation testing was carried out to determine the hardness evolution with irradiation
fluence, and cross-sectional transmission electron microscopy (TEM) was used to analyze the damaged layer,
amorphization, and Ar bubble formation at high fluence. In addition, mask-assisted ion beam irradiation (MAIBI)
was applied to fabricate 3D micro/nanopatterned structures on single-crystal 3C-SiC substrates. |[Results]
Experimental results show that irradiation-induced swelling is increased from ~27 nm to ~56 nm with increasing
fluence from 5x10" ions*cm™ to 2x10" ions * cm™, and the formation of nanoscale Ar bubbles makes an important
contribution to the enhanced irradiation-induced swelling at a high fluence. The work function of irradiated 3C-SiC
shifts to negative values at high fluences, contrasting with 4H-SiC, where the work function remains positive and
tends to stabilize near its pristine value. The nanoindentation hardness of irradiated 3C-SiC is initially increased with
fluence, then is decreased to 77% of the pristine sample’ s hardness. Based on these irradiation-induced effects, 3D
micro/nanopatterned structures are fabricated on single-crystal 3C-SiC substrates via MAIBI. [Conclusions] These
findings in this study demonstrate that the irradiation swelling effect in single-crystal 3C-SiC can be effectively
utilized for the one-step fabrication of 3D micro/nanostructures, providing a viable means of tuning its surface
electronic properties.
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Fig.1 Damage distributions under 140 keV Ar" ion irradiation (color online)
(a) Vacancy distribution in the Cu mask, (b) Vacancy distribution in 3C-SiC, (c¢) Depth distributions of damage and Ar concentration
in 3C-SiC at different irradiation fluences
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Fig.2 Topographical (a) and surface potential image (c) of the irradiation-induced step at the interface between the irradiated and
unirradiated areas after irradiation with 140 keV Ar” ions at a fluence of 5x10'® ions*cm™. (b) Height profile showing the step in
Fig.(a), (d) Surface potential distribution corresponding to the potential image in Fig.(c) (color online)
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Fig.5 (a) Cross-sectional TEM micrograph of single-crystal 3C-SiC after 140 keV Ar" ion irradiation with a fluence of
2x10" ions*cm”, the inserts show the SAED patterns of the region marked by the white circles, (b) Enlarged view showing the detail
of bubbles in the damaged layer, (c) Corresponding diameter histogram of Ar bubbles
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Fig.6 (a) Hardness-indentation depth curves of the pristine sample and the samples irradiated at 510" ions*cm™ and
2x10" ions*cm™, and (b) evolution of the nanoindentation hardness with the Ar" ion fluence in single-crystal 3C-SiC samples (color
online)
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Fig.7 Schematic illustration and characterization of 3D micro/nanopatterned structures fabricated by MAIBI (color online)

(a, b) Schematic diagrams of the MAIBI process, showing (a) the substrate covered by a mask during ion irradiation and (b) the
resulting 3D micro/nanostructures after mask removal; (c) OM image of a copper grid with square holes; (d) OM image of the
microstructures fabricated using the copper grid as a mask; (e) 3D topographical image and (f) corresponding surface potential image
of the micro/nanostructures on the irradiated 3C-SiC substrate. (d~f) Images correspond to a single-crystal 3C-SiC sample irradiated
with 140 keV Ar” ions at a fluence of 1x10" ions*cm™
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