Nanopatterning of silicon surfaces by ultrashort laser pulses
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Fabrication of ultrafine surface nanoripples by ultrashort ((0.1-10 ps) laser pulses has proved for a long time to be a “green”, fast technology for large-scale surface nanopatterning in the form of regular arrays of surface 1D-nanowires or 0 D-nanodots, broadly used for nanophotonic and biomedical  applications [1-2]. 
Large-scale surface nanopatterning of silicon wafer covered by a 5-mm thick liquid carbon disulfide layer, in the form of regular 1D-arrays of vertical nanosheets was performed by multiple focused 0.3- and 10-picosecond infrared (IR) laser pulses via excitation of deep sub-wavelength plasmons on the photoexcited silicon surface. Sub-micron thick silicon surface layers demonstrate the exposure-tunable near-IR– mid-IR optical density and related sulfur, carbon and oxygen contents. Transmission electron microscopy, electron diffraction and micro-Raman spectroscopy reveals the amorphous structure of the sulfur-hyperdoped nanosheets atop their slightly distorted crystalline basements. Their crystallographic structure and elemental distributions indicate their exposure-dependent growth via deposition of silicon and sulfur species from the interfacial vapor/plume bubbles, provided by Si ablative nanoplumes from the regular ablative trenches and carbon disulfide decomposition in the plumes/bubbles. 
The fabricated nanocoatings demonstrate the remarkable anti-bacterial modality relative to Gram-positive bacteria (Staphylococcus aureus) [3].
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