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Research Synopsis

1. Nanoscale photonic and plasmonic structures
We seek to identify and explore novel fundamental phenomena in nanophotonic and
plasmonic structures using a combination of analytical modeling, computational
electrodynamics (FDTD method) and newly developed nanofabrication strategies. Of our
particular attention are hybrid nanophotonic/plasmonic structures that can be designed to
exhibit remarkably strong local field enhancements due to synergetic interactions between
dielectric subwavelength resonators and noble metal nanoparticles that possess localized
surface plasmon resonances.

2. Mass transport and separations in nanoscale fluidic systems

Deterministically created porous media as well as individual channels and pores are excellent
model objects for studies of mass transport, separations, and interfacial interactions in the
ultimate limit of nanoscale confinement. Using wafer scale technological processes and
lithographic patterning, we implement and explore multiscale fluidic structures that can be
interrogated optically, electrochemically or electromagnetically. A complementary
combination of analytical models and finite element analysis is used to guide our design of
our experimental systems.

3. Nanoscale mechanical phenomena

We combine analytical, numerical and experimental studies of mechanical phenomena in
nanoscale and multiscale structures and aim to identify their unique aspects associated with
the reduced dimensionality, nonlinearity and thermally induced fluctuations. Advances in
nanofabrication and nanotechnology facilitate fabrication of harmonic and unharmonic
oscillators that can be almost arbitrary scaled down approaching the molecular scale. On the
other hand, mechanical structures in the upper limit of the nanoscale offer many unique
advantages to an experimentalist. Their remarkably high sensitivity to external chemical,
electromagnetic and thermal stimuli allows us to create model systems that function as an
elegant interface between micro and macro worlds.
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Recent patent applications and invention disclosures selected for patent applications:

1. “Rapid Response Microsensor for Hydrogen Detection Using Responsive Nanostructured

Films”, 2011

“Nanomechanical Electric and Electromagnetic Field Sensor”, 2010

“Nonlinear Nanomechanical Oscillators For Ultrasensitive Inertial Detection”, 2010

4. *“Pulsed Photothermal Phase Transformation Control for Titanium Oxide Structures and
Reversible Bandgap Shift for Solar Absorption”, 2009
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