Evidence of plasmonic nature of self-arranged surface nanostructuring

after single femtosecond laser pulse irradiation
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/I\/Iotivation

Laser-induced periodic surface structures (LIPSS) have
gained a broad spectrum of potential applications [1,2,3] .
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They are usually observed In a multi-pulse regime for many

materials. However, what is the origin of their formation after a

single pulse? How can we manipulate LIPSS morphology to
Wbricate desired structures?
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/Experimental setup
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» (a) top view and
(b) height profile of a step
edge on a gold sample.
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» Flat-top laser beam

profile on the sample.

/Theoretical approach
TTM+MD model [4,5]
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Laser source term
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» Schematic irradiation geometry
with the excitation of
surface plasmon polaritons
(SPP) [7,8].
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laser fields + SPP fields

-

2) Institut fur Nanophotonik
Gottingen e.V., Germany

~

<

3) Quantum Electronics Division,

Lebedev Physical Institute, Moscow, Russia

4) Theoretical Physics Department,
University of Kassel, Germany

Modulation of
the electron temperature

Z

L.

700 nm

S

t=1ps
Te_max =18100 K

0O nm

ﬁl‘heory & Experiment. comparison

~

Modulation of
the lattice temperature

t=10ps
T max = 3500 K

p
0 nm

T AR WA 2t -

S | -

1000 3000 5000 7000 9000 11000 13000 15000

Bl csp

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

| | |
500 nm 750 nm 1000 nm

|
250 nm

v Structure height is determined by the interplay of SPP and laser fluence.
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Morphology

of periodic structures at

1 ns after the laser pulse
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v The measured periodicity matches
theoretical predictions:

Abss =(338£10)nm

Ao =344nm

/"Design of LIPSS

»Inhomogeneous laser beam
profile on a sample.
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» The height profile of LIPSS
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v Influence of laser beam profile

on LIPSS morphology

v' Design of scratches on the surface
can lead to complex surface structures
due to multiple SPP-laser interference.
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Conclusions

1) We identify two key components of LIPSS formation: SPP excitation and material-reorganization.
2) MD-TTM simulations [4,5] with the laser-SPP source term [6] are able to describe LIPSS formation.

3) A remarkable good agreement in LIPSS properties between experiment and simulations is found.

4) Manipulation of the laser fluence shape can pave a way for design of surface structures.
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