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Research Synopsis
1. Charged Particle Beam-Induced, Direct-Write Deposition/Etching

Nanoscale direct-write assembly methods, such as focused particle beam processing, require
precise understanding and control of the relevant electron/ion—vapor precursor—solid interactions
where energy beams on the order of 1-10 nm dictate the assembly/removal of material at the
confluence of the particle beam, adsorbed precursor and substrate. We determine precursor—
substrate interaction parameters relevant for the electron/ion beam induced deposition methods
through a combination of experiments and simulations. Monte Carlo simulations of the electron—
substrate interaction are combined with finite difference simulations of precursor—substrate
interactions to unravel the parameters by fitting to experimental results.

2. Self and Directed Assembly of Thin, Liquid Metallic Films
Physical vapor deposition combined with nanolithography methods are used to deposit metallic
materials with highly non-equilibrium shapes. Capillary, inertial and viscous forces dictate the
mass transport of the metal once liquefied. The initial shape of the metallic feature is used to
harness liquid surface instabilities for the self assembly of metallic nanoparticles. Pulsed laser
irradiation is used to liquefy the metal features where rapid heating and cooling rates and
nanosecond melt lifetimes are achievable. Directed assembly is possible by imposing periodic
fluctuations onto the initial metal geometry which translates into highly precise arrays of metallic
nanoparticles/nanocaps.



Solute Diffusion in Crowded Environments

Biomolecular transport in cellular environments occurs in crowded surroundings where molecular
reactivity and diffusion can be significantly altered when compared with dilute solution
conditions. By the prescribed design of spatially restricted environments, micro- and
nanofabrication techniques can be used to replicate specific features of such systems. We
implement Monte Carlo, Brownian based simulation methods to design, and fabricate, micro- and
nano- size containers and crowding features intended to control the reaction and diffusion of
matter at biologically relevant length and time scales.
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