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RESEARCH

December 2007 — Present

Staff Scientist

Nanofabrication Research Laboratory Research Staff Member, Center for Nanophase
Materials Sciences, Oak Ridge National Laboratory (subcontract assignment)

e Nanofabrication techniques including electron beam lithography, focused ion beam
etching/deposition, electron beam induced etching/deposition, sub—micron soft
lithography and standard microfabrication procedures.

e Additional skills include experience with the electron beam lithography technique to
define, pattern, and integrate nanoscale features, nanoscale thin film editing using
electron and ion beams to affect thin film catalytic properties, and a maskless
lithography technique using focused electron beam deposition of the multiple material
layers to define ultrafine features (< 20 nm)

e Microfabrication skills integrating multiple processes including physical vapor
deposition, chemical vapor deposition, photolithography, and reactive ion etching.
Experience with soft lithography template preparation for patterning sub—micron
molecular layers and monolayers.

e Developed simulation packages to help predict and understand multiple nanofabrication
techniques including electron beam lithography, electron beam induced deposition,
combinatorial sputtering, and diffusive transport in micro/nanofluidic structures.

e Extensive experience interacting with users including on-site training, providing design
aid to best reach a user’s final device, preparing specific user work plans per visit, and
troubleshooting hardware and software problems as they arise. Played an active role in
helping to refine and execute the Nanofabrication Research Laboratory’s plan for
handling user load.

November 2004 — December 2007
Research Assistant Professor, The University of Tennessee, Knoxville
Molecular — Scale Engineering and Nanoscale Technologies Research Group (MENT)
member
e Cellular mimetic research integrating standard lithography patterning techniques to
produce structures mimicking passive, diffusion based, molecular transport across
membrane structures on the nanoscale
e Cell mimic simulation software for Monte Carlo simulations to complement all passive
diffusion  experiment configurations including fluorescence recovery after
photobleaching, enzyme functionalized CNF membrane experiments, and fluorescence
microscopy characterization based techniques
e Intracellular, carbon nanofiber based probe fabrication for cell impalefection for the
delivery of tethered, functional DNA delivery into the intracellular cytoplasm and
nucleus.



e Control of catalyst nanoparticle crystallographic texture by rf magnetron sputtering to
deterministically control vertically aligned carbon nanofiber growth over macroscopic,
silicon wafer dimensions

August 2002 — October 2004
Post — Graduate Research Assistant

e Electron beam - induced, nanoscale etching in semiconductor and oxide materials for
future use in EUV mask repair and integrated circuit repair.

e Developed a detailed 3D computer simulation of electron — beam stimulated deposition
and etching including localized precursor gas delivery, surface diffusion, electron
stimulated deposition, and beam rastering.

e Film crystal structure and morphology via x — ray diffraction to determine the effects of
these properties on the ultraviolet luminescence of magnetron sputtered gadolinium
doped yttrium oxide thin films and gadolinium doped yttrium — aluminum garnet thin
films

e Developed a numerical simulation to aide in the interpretation of cathodoluminescence
characterization results

e Combinatorial deposition, using magnetron sputtering, of binary alloy systems for rapid
material properties determination

May 1997 — August 2002
Graduate Research Assistant
Laboratory Preparation
e Assembled several vacuum chamber systems for pulsed — laser deposition processing
and laser surface modification experiments
e General laboratory maintenance on chambers, pumping systems, vacuum gauges,
excimer laser, etc.
e Knowledge of optical components for laser beam delivery
Research Work
e Experiments and theory development of the catalyst — free vapor — liquid — solid
process of silicon microcone/microcolumn growth via laser irradiation
e Photoluminescent silicon and silicon — oxide nanoparticles grown via laser irradiation of
silicon microcone/microcolumn morphologies
e Characterized silicon nanoparticle morphology and properties using AFM, HRSEM, and
HRTEM
e Self — organization of silicon nanostructures over microscopic dimensions
e Pulsed - laser deposition of silicon nanopatrticle films
e Laser — assisted chemical vapor deposition of silicon nano —tips

Current 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.

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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