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Abstract: The use of shower ion beam etching for the "lateral extraction" of multiple diabolo-shaped metal-
lic nanopatterns was proposed, enabling the direct and rapid fabrication of multiple metallic nanogap struc-
tures. In a typical process, after the nanostructured resist patterns were defined by electron beam lithogra-
phy, traditional metal deposition and wet lift-off were performed to transfer the resist pattern to a diabolo-
shaped metallic nanostructure. The metallic patterns were then immediately trimmed using shower ion
beam etching. The gap distance between two isolated nano-antennas could be narrowed to less than 10 nm
by precisely controlling the etching time. In addition, combined with the hydrogen silsesquioxane (HSQ)
-based negative-resist patterning process, free-standing metallic nanogaps atop HSQ nano-templates were

obtained. The morphological evolution of nanostructures during the etching process was characterized.
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Systematic experiments and numerical simulations were conducted to verify the advantages of suspended

metallic nanogap structures for surface-enhanced Raman scattering. The proposed process provides a new

means for the one-time formation of multiple ultra-small metallic nanogap structures. It has promising ap-

plication prospects in the low-cost and high-efficiency preparation of large-area Raman sensing substrates.
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Fig.1 Schematic diagram of fabrication process of metallic nanogaps by shower beam 1on etching
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Fig.2 Process monitoring of individual metallic nanogap structure. (a) The initial diabolo-shaped metallic pattern fabricated by

electron beam lithography; (b-e) The morphologies of (a) after shower ion beam etching for 50, 100, 150 and 200 s, respective-

ly; (f) An enlarged view of the nanogap in (e)
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Fig. 3 Fabrication of multiple metallic nanogap structures using shower ion beam etching
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Fig.5 Fabrication of suspended metallic nanogap
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