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Fig. 1 Scheme of oxidative LIPSS formation on metal/Si hybrid films by femtosecond laser irradiation. The crossing angle
between the scanning direction and laser polarization direction is defined as ¢, the incident laser polarization is controlled
by a half-wave plate
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Fig. 2 Optical microscope images of one-dimensional LIPSS obtained by different crossing angles between scanning direction and
laser polarization, the scanning direction is along r—axis ( V' : sample scanning direction; E,: laser polarization direction)
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Fig. 3 FDTD-based numerical simulation of electric field distribution at Si-air interface when embedding a silica nanostripe into
Pt/Si hybrid film
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Fig. 4 Optical microscopy images of periodic nanostructures obtained by zigzag scanning (black arrows) in three different
crossing angles between scanning direction and laser polarization (' The dotted the solid red circles represent the initial and
final position of the laser spot, respectively. The distance between the upper and lower scanning spots is 10 pm. The black
box indicates splicing area between the adjacent two scans)
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Influence of Scanning Direction on the Quality of LIPSS on
Metal-Si Hybrid Films (Invited)

SHI Liping', GENG Jiao', QIU Min™"’
(1 Advanced Optoelectronic Imaging and Device Laboratory, Hangzhou Institute of Technology, Xidian University,
Hangzhou 311231, China)
(2 Key Laboratory of 3D Micro/Nano Fabrication and Characterization of Zhejiang Province, School of
Engineering, Westlake University, Hangzhou 310024, China)
(3 Institute of Advanced Technology, Westlake Institute for Advanced Study, Hangzhou 310024, China)

Abstract: ILaser-Induced Periodic Surface Structures (LIPSS) have emerged as a powerful tool in
nanofabrication and nanophotonics due to their unique optical and surface properties. In recent years, the
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long-range uniformity of LIPSS formation have been a subject of extensive research, with efforts focused
on optimizing laser parameters, material surfaces, and scanning strategies. In this study, we investigated
the influence of scanning direction with respect to laser polarization on the regularity of LIPSS which was
produced on metal/silicon hybrid thin films via femtosecond laser—induced surface oxidation.

Our experimental findings revealed intriguing phenomena associated with LIPSS formation under
different scanning directions relative to the laser polarization direction. When the scanning direction was
perpendicular to the laser polarization, the nanometer—scale structures exhibited irregularities, such as
branching and discontinuities. Conversely, when the scanning direction was parallel to the laser
polarization, the structures demonstrated short-range order, but undesirable distortion occurred at the
overlap of adjacent laser spots. Remarkably, when the scanning direction formed a certain angle with the
laser polarization, long-range and uniform periodic nanostructures were readily obtained.

To gain insights into the underlying mechanisms, Finite-Difference Time-Domain (FDTD) ~based
numerical simulations were conducted to elucidate the role of near—field enhancement and far—field
interference during the laser—induced self-organization process. The simulations provided a comprehensive
understanding of the interplay between the near—field and far—field effects, showing that near—field
enhancements significantly impacted the spatial distribution of LIPSS. Consequently, we proposed an
optimal scanning strategy that deviates from the conventional approach of perpendicular or parallel scanning
relative to the laser polarization direction. By selecting an appropriate crossing angle between the scanning
direction and the polarization direction, we effectively mitigated common issues like branching, discontinuities,
and distortion, leading to the generation of high—quality and reproducible periodic nanostructures.

Exploiting our new findings, we successfully fabricated one-dimensional periodic nanostructures on
the surface of metal/silicon bilayer films by using single-beam femtosecond laser pulses. The quality and
uniformity of the nanostructures were markedly improved by implementing the optimized scanning strategy.
This breakthrough not only addresses the challenges associated with LIPSS formation but also opens up
exciting opportunities for nanophotonics applications. The potential applications of periodic dielectric/
semiconductor nanostructures on metal films in nanophotonics are vast and promising. These structures have
demonstrated exceptional capabilities in refractive index sensing, nonlinear optical effects, photodetection, and
structural coloring. Moreover, the low—cost and scalable nature of the proposed fabrication method offers great
potential for widespread adoption in diverse applications.

In conclusion, this research underscores the significance of optimizing scanning strategies for achieving
high—-quality and large—scale LIPSS. By considering the interplay of near—field and far—field effects during
the self-organization process, we have demonstrated a novel approach to enhance the quality of LIPSS
fabrication. Additionally, the applications of periodic nanostructures on metal films in nanophotonics hold
promise for revolutionary advancements in various optical devices and technologies. The findings from this
study lay the foundation for further exploration of LIPSS—based nanofabrication techniques, paving the way
for a new era in nanophotonics and nanotechnology. Through continued research and innovation, LIPSS is
poised to play a pivotal role in shaping the future of advanced nanophotonics and nanofabrication, impacting
a wide range of scientific and technological domains.

Key words: Laser-Induced Periodic Surface Structures (LLIPSS) ; Surface plasmons; ILaser-induced
oxidation; Hybrid thin films
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