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Modification of fused silica with temporally shaped femtosecond laser pulses
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Abstract: Temporal Airy pulses enable enhanced control of ultrashort-pulse laser modifications in transparent materials by redistributing the laser-induced plasma along the propagation
direction. In fused silica, they produce ultranarrow craters extending several micrometres into the material, with significantly enhanced aspect ratios compared with Gaussian pulses. The
modifications were characterized by FIB cross-sectioning and SEM and modelled in COMSOL Multiphysics®. A system of differential equations was solved using the Mathematics
interfaces to describe the plasma-mediated energy deposition, while the Heat Transfer Module was used to calculate the subsequent thermal response. A temperature threshold was
implemented to modify the computational mesh and estimate the ablated volume. The simulations reproduce the experimentally observed elongated crater morphology, supporting
subsurface plasma formation as the mechanism responsible for the enhanced modification depth.
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The simulation is based on a coupled description of
laser energy absorption, electron dynamics, carrier
generation and lattice heating.
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