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Three Regimes3

= Nonthermal melting - A pulse
energy large enough to rip 10%—15%
bonded valence electrons and
achieve a critical density of
conduction band electrons (1022
cm™3) will induce a nonthermal
ultrafast phase transition.

= Blue line - Shortest switching
cycle (inverse of the clock rate)
of digital processors
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| temperature, a thin layer near the
surface transitions to a liquid state,

called the melt. The melt depth
increases with laser energy.
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A second pair of gratings
reverses the dispersion of the
first pair, and recompresses the pulse.

woning grerey = Ablation - Large pulse energies
cause boiling at the melt surface.
The resulting superheating of the
liquid phase and high nucleation
rates of the gas phase eject material
from the surface in a process known
as ablation. When the laser fluence
exceeds that of the ablation

Beam stretching, amplifying, and
compressing system used in
chirped pulse amplification

Excitation? threshold, one can achieve laser-
induced periodic surface structures
oz i (LIPSS).
Unique Features and Phenomena3s
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Results and Data

= Hole formation via laser ablation of a
silicon target with (a) 10, (b) 100, (c)
5000, and (d) 10,000 pulses

Surface Texturing?

a) nm-scale ripple-like texture
formed in air with a fluence of 4
kJ/m2. b) micrometer-scale
mound-like texture formed in SF6
with a fluence of 2.5 kJ/m2 and 200
pulses. c) Cone-like texture tens of
micrometers in scale formed in
vacuum with a fluence of 10 kJ/m?
and 500 pulses
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a) Raman spectra showing the presence of high pressure phases
(Si-1ll, Si-XIl, and amorphous Si) after fs irradiation, as well as
removal of high pressure phases after ns laser annealing.
Transmission electron microscope cross-sections of textures b)
before and c) after laser annealing, showing removal of

amorphous material and recovery of monocrystalline structure
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= Left: Spiky, high-aspect-ratio, laser-induced periodic
structures in silicon upon exposure to SF6 and fs-laser
irradiation.

= Right: Absorption enhancement due to black silicon light-
trapping conical tips and hyperdoping. Hyperdoping leads to
strong sub-bandgap absorption, and texturing leads to
increased absorption across the spectrum.

g of Silicon

Summary

Ultrafast laser processing produces a wide
range of features and structures with unique
properties. Ultrafast laser texturing in

photovoltaics manufacturing is feasible.

Use of hyperdoping for intermediate band
silicon photovoltaics likely requires
concurrent surface texturing or other
absorption enhancement techniques to
yield photoconversion efficiency
iImprovements.

Future plan is to study electronic processes
in energy materials (oxides) in real time.

Challenges include larger E, and advanced
laser equipment and control.
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