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Abstract

Metallic nanostructures sustaining localized surface plasmon resonance
(LSPR) can squeeze the incident light field into nanoscale volumes and
generate extremely enhanced localized electromagnetic fields (namely, the
field “hot spots”) . by which the light-matter interaction on the surfaces of
nanostructures can be greatly enhanced. By design the nanostructures,
both the near-field hot spots and the far-field resonance spectra can be
manipulated, which form the bases for many applications such as
biosensing, photoluminescent and photovoltaic devices, and super-
resolution imaging. However, the tunability of the optical properties of
metallic nanostructures with simple geometries is quite limited. In this
dissertation, we focus on the topic of constructing multiscale metallic
nanostructures with large tunability of their near-field and far-field
properties, by employing the principles of Plasmonic Mode Hybridization
(PMH) and the Cascaded Field Enhancement (CFE). By controlling the
coupling and hybridization of LSPR modes or LSPR modes with other
resonance modes and utilizing the CFE of field hot spots in multiscale
nanostructures, strong resonance can be generated at the target
wavelength and extremely strong field hot spots can be generated at
expected spatial positions.

In this dissertation, two typical multiscale systems are studied. One
system, by taking an M-shaped nanograting as example, realizes strong
PMH and CFE by controlling the coupling between different LSPR modes
supported in two V-shaped nanogrooves with different sizes. The other
system, by taking a nanoparticle-in-cavity (PIC) nanoantenna array as
example, generates strong Fano resonance at a target wavelength and

sustains strong hot spots via CFE, by controlling the coupling between a
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LSPR dark mode and a cavity bright mode. Detailed studies are conducted
on the parameter design and optimization of the two structures, the
analyses of the underlying physical mechanisms of PMH and CFE, and the
dependence of the optical properties on the geometrical features.
Futhermore, by utilizing the developed fabrication method in this work,
the two proposed multiscale nanostructures are successfully fabricated.
Their near-field and far-field properties are also characterized and verified.
There are some key challenges in the fabrication of the above mentioned
multiscale metallic nanostructures, such as the precise control of the
critical dimensions., the quality control of the large-area uniformity of the
structures, the high cost and low throughput, and the poor replicability.
These challenges have severely blocked the realization of these high-
performance multiscale structures as well as their practical applications,
Therefore, it is another important goal of the dissertation to explore the low-
cost, large-area, and highly stable fabrication of the multiscale nanostructures.
A fabrication method based on room-temperature nanoimprinting lithography
and multi-parameter anisotropic reactive ion etching is developed. by
solving several key problems in the fabrication of the multiscale structures.
With this method, high-quality multiscale metallic nanostructures with critical
dimensions as small as tens of nanometers can be readily manufactured.
Finally, aiming at practical applications, the two types of multiscale
nanostructures are used as active substrates for surface enhanced Raman
spectroscopy (SERS). High SERS sensitivity with an enhancement factor
larger than 10" ~ 10" and very low molecule concentration detection limit of
0.02uM are achieved in the SERS experiments, which verify the remarkably
enhanced light-matter interaction, Moreover, since the nanostructures
have many advantages such as the low cost, large area, replicability, and

reusability, they have great potential in applications.

Key words: surface plasmon; cascaded field enhancement; metallic

nanostructure; surface enhanced Raman scattering; nanoimprinting lithography
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