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Recently, we found that the localized surface plasmon resonance of gold nanoparticles
(Au-NPs) coupled with the Fabry-Pérot (FP) nanocavity improves the surface-enhanced
Raman scattering (SERS) properties'. In this study, we have fabricated the modal strong
coupling structure with large coupling strength composed of a high number density of Au-NPs
on FP nanocavity using self-assembly methods and investigated their SERS properties because
it is known that the strong coupling strength in the light-matter coupling system is proportional
to the square root of the number density of oscillators?.

An FP nanocavity was fabricated by depositing 100 nm of gold on a SiO; substrate using
a sputtering method, followed by the deposition of 31 nm of TiO, using an atomic layer
deposition method. A self-assembled monolayer of Au-NPs was formed on the water surface
by dropping a chloroform solution of Au-NPs modified with dodecanethiol (DDT) ligand into
ultrapure water. The Au-NPs monolayer was then transferred onto the TiO; surface to fabricate
the DDT-modified Au-NPs/TiO»/Au film (DDT-ATA) structure. Finally, the ozone cleaning
process was performed to remove DDT molecules on DDT-ATA. From the SEM images, the
surface coverage ratios with Au-NPs on the surface of DDT-ATA were calculated to be 48 %.
The absorption spectra of DDT-ATA split into two peaks due to the hybrid modes associated
with the modal strong coupling formation, and the splitting energy was calculated to be 670
meV from the dispersion curve. This value was almost twice the conventional ATA, whose
coverage ratio was ca. 30%. In addition, the SERS performance of DDT-ATA substrate was
investigated by using crystal violet as a prove molecule with an excitation wavelength of 785
nm. The Raman intensity of DDT-ATA substrate was 14-times higher than that of Au-NPs/TiO»
substrate without FP nanocavity.
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