Influence of ambient pressure on LIPSS formation in silicon
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We report on the process of femtosecond (fs) laser irradiation and surface structuring of silicon
at an ambient pressure ranging from dry vacuum (~10-2 mbar) to above atmospheric pressure,
which is rarely investigated. For structuring in high pressure, nitrogen gas is pumped into the
chamber maintaining the pressure level at ~1.5 bar. The change in the ambient pressure
enables the surface structuring process in experimental conditions going from a freely
expanding to a redeposited and highly confined nanoparticles cloud, which has a potential
role in the formation and evolution of the various periodic surface structures [1]. The
irradiation is carried out using a sequence of laser pulses with a duration of ~180 fs at a
wavelength of 1030 nm. The surface morphology of the irradiated sample evidences the
formation of a variety of subwavelength and supra-wavelength features, including ripples and
grooves oriented in direction orthogonal and parallel to the laser polarization, respectively, as
well as columnar structures. Our experimental findings allow shedding more light on the
influence of the nanoparticle redeposition on the evolution of fine features and supra-
wavelength structures, especially the hindering of grooves development below and above the
atmospheric pressure, and provide valuable insights on potential formation mechanisms and
for further applications. Finally, considerable change in the morphology of the ripples is also
observed as a function of the ambient pressure.
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SEM micrographs of surface spots generated in (a) dry vacuum (b) air and (c) high nitrogen
pressure, for 240 number laser pulses at a pulse energy of ~ 170 pJ. The red arrows indicate the
polarization direction.
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