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Pulsed Laser Functionalization of Semiconductor Nanostructures

Abstract:

The crystallization of amorphous thin films is a critical fabrication step for enhancing the performance of thin-film tran-
sistors (TFTs) and thin-film solar cell devices. Typical thin-film materials offer cost-effective device fabrication routes
but intrinsically suffer from low degree of crystallinity leading to necessary improvements by subsequent thermal an-
nealing. Using a traditional furnace to increase crystallinity not only needs a large thermal budget but also has limita-
tions in adopting inexpensive substrates. Annealing by pulsed lasers can significantly mitigate these issues by taking
advantage of precisely localized heating and through control of the temporal evolution of the melt mediated process.
Work conducted by the Laser Thermal Laboratory on laser-induced crystallization of semiconductor thin films and
nanostructures is presented. The transient phase transformations induced by pulsed nanosecond and ultrafast laser
radiation are monitored by in-situ time-resolved diagnostics and correlated with the ensuing structural modification.
Laser-induced grain morphology change is observed in silicon nanopillars under a transmission electron microscopy
(TEM) environment. The TEM is coupled with a near field scanning optical microscopy (NSOM) pulsed laser processing
system. This combination enables immediate scrutiny on the grain morphologies that the pulsed laser irradiation pro-
duces. The microscopic observation in conjunction with heat transfer modeling provides a fundamental basis for laser-
induced conversion of amorphous nanostructures into coarse-grained crystals. Scalable optically modulated writing of
nanoparticle patterns using pulsed laser radiation is demonstrated. The nanoparticle arrangement is modulated by the
laser pulse energy and polarization. Fast quenching of the nanodot melt induces phase switching and optical contrast
that can be utilized for the fabrication of structural color metasurfaces.
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