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Laser-induced dewetting of thin metal films is an efficient and versatile method for generating plasmonic
nanoparticles directly on glass substrates. The technique is based on localized thermal heating of continuous
thin metal films using nanosecond pulsed laser irradiation, which induces film breakup and self-organization
into nanoparticles without the need for chemical reagents. This approach enables clean, scalable, and spatially
controlled fabrication of plasmonic nanostructures with tunable optical properties.

In bimetallic Au-Ag systems, laser-induced dewetting allows precise control over nanoparticle composition,
morphology, and size distribution by adjusting the initial film thicknesses and stacking order. As a result, localized
surface plasmon resonance (LSPR) peaks can be tuned across a broad visible spectral range from 400 nm to 530
nm, with resonance widths varying between 40 nm and 130 nm. The obtained hybrid nanoparticles demonstrate
strong surface-enhanced Raman scattering (SERS) performance, achieving enhancement factors exceeding 10° at
a 532 nm excitation wavelength. The absence of chemical contaminants makes these laser-fabricated substrates
particularly attractive for sensitive molecular detection and sensing applications.

Beyond noble bimetallic systems, the laser-induced dewetting method can be further optimized through substrate
and interlayer engineering. Introducing a thin titanium adhesion layer beneath gold films significantly influences
the dewetting dynamics, promoting the formation of smaller and more uniformly distributed nanoparticles. This
morphological modification broadens the achievable plasmonic color palette beyond the intrinsic limitations of
gold thin films [1], enabling vivid, tunable colors with improved film adhesion and durability [2]. By varying laser
parameters such as pulse energy, scanning speed, repetition rate, and hatch spacing, high-resolution plasmonic
color beyond the limited palette of gold thin films can be produced in a controlled and reproducible manner.

Overall, nanosecond laser-induced thermal dewetting of thin metal and multilayer films represents a robust,
environmentally friendly, and cost-effective platform for fabricating plasmonic nanoparticles. The demonstrated
versatility of this method opens pathways toward large-area SERS substrates [3,4], plasmonic color printing,
anti-counterfeiting technologies [5], photonic devices, and other advanced optical applications [6].
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