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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
¢ 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



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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Falvey, “A FRAP — based method for Quantification of Binding Affinities In vivo”, Poster,
Philadelphia, May

53 International Conference on Electron, lon, Photon Beam Technology and
Nanofabrication

2009 International Meeting

J. D. Fowlkes, M. Fuentes — Cabrera, J. A. Diez, L. Kondic, A. V. Melechko, R.
Kalyanaraman, H. Krishna, Y. Wu and P. D. Rack, “Directed, Liquid Phase Assembly of
Patterened, Thin Metallic Films by Pulsed Laser Dewetting”, Poster, Marco Island, May

Microscopy & Microanalysis 2008

J. D. Fowlkes, D. A. Smith, M. J. Doktycz, M. L. Simpson and P. D. Rack, “Electron beam
induced processing: Experimentation, Simulation and Applications”, Invited Talk,
Albuquerque, August

2"d International Workshop on Focused Electron Bead Induced Processing



2008 International Meeting

J. D. Fowlkes, P. D. Rack, M. J. Doktycz, S. T. Retterer and M. L. Simpson, “Electron
stimulated materials processing for nanofabrication and bio — inspired synthesis”, Poster,
Thun, Switzerland, July 2008

52" International Conference on Electron, lon, Photon Beam Technology and
Nanofabrication

2008 International Meeting

J. D. Fowlkes and P. D. Rack, “Electron beam induced deposition efficiency”, Poster,
Portland, OR, June

15t International Workshop on Electron Beam Induced Deposition

2006 International Meeting

P. D. Rack, D. A. Smith, J. D. Fowlkes, D. C. Joy, “Understanding electron—beam—induced
deposition and etching via a Monte — Carlo based, 3D growth simulation: ‘Envizion™, Talk,
Delft, Netherlands, June

52nd International American Vacuum Society

2005 International Meeting

The Focused Beam Processing and Fabrication Session (moderator)

J. D. Fowlkes, B. L. Fletcher, E. D. Hullander, K. L. Klein, T. E. McKnight, M. L. Simpson, and
M. J. Doktycz, “A Cell Mimic Structure with Tailored Pore Sizes: Synthesis and Modeling”,
Poster, Boston, MA, November

49t International Conference on Electron, lon, Photon Beam Technology and
Nanofabrication

2005 International Meeting

J. D. Fowlkes, S. J. Randolph, and P. D. Rack, “Unraveling the complex variable space of
electron beam induced deposition (EBID) by a Monte Carlo based, 3D growth simulation”,
Poster, Orlando, FL, June

Gordon Research Conference

Combinatorial & High Throughput Materials Science 2004

J. D. Fowlkes and P. D. Rack, “Combinatorial Thin Film Synthesis via Multi — Source RF
Magnetron Sputtering”, Poster, Buellton, CA, January

518t International American Vacuum Society

2004 International Meeting

J. D. Fowlkes, S. J. Randolph, and P. D. Rack, “A Three — Dimensional Computer Simulation
of Electron — Beam Induced Deposition (EBID)”, Talk, Anaheim, CA, November

50" International American Vacuum Society

2003 International Meeting

J. D. Fowlkes, P. D. Rack, and J. M. Fitz — Gerald, “Gadolinium — Doped Yttrium Oxide Thin
Films Deposited by Radio — Frequency Magnetron Sputtering; Film Quality and
Cathodoluminescence Properties”, Talk, Baltimore, MD, November



Materials Research Society

2003 MRS Spring Meeting

J.D. Fowlkes, P.D. Rack, Y. Deng, S. Allison, and J.M. Fitz-Gerald “Gadolinium — Doped
Yttrium Oxide Ultraviolet Emitting Materials”, Talk, San Francisco, CA, April

J.M. Fitz-Gerald, R. Bansal, J. Hoekstra, J.D. Fowlkes, and P.D. Rack, “Temperature
Dependent Cathodoluminescence Characterization of Multi-Layer Ultraviolet Emitting Films
Grown by Pulsed Laser Deposition”, Talk, San Francisco, CA, April

P.D. Rack, S. Randolph, Y. Deng, Y. Ko, J. Kim, J.D. Fowlkes, A. Thesen, and D.C. Joy,
“‘Nanoscale Electron Beam Assisted Etching and Deposition”, Poster, San Francisco, CA, April

Materials Research Society

2002 MRS Fall Meeting

J.D. Fowlkes and A.J. Pedraza, "Si Nanoparticle Synthesis and Self - Organization”, Talk,
Boston, MA, December

Gordon Research Conference

Laser Interactions with Materials

J. D. Fowlkes and A. J. Pedraza, “Laser—Induced Nanostructures in Silicon”, Poster, Andover,
N.H., July

Materials Research Society

2000 MRS Fall Meeting

J. D. Fowlkes, A. J. Pedraza, S. Jesse, C. M. Rouleau, and D. A. Blom, “Formation of
Nanostructures in Silicon by Pulsed KrF Laser Irradiation”, Talk, Boston, MA, December

American Physical Society

1999 American Physical Society Centennial Meeting

J. D. Fowlkes and A. J. Pedraza, “Self-Organization Silicon Micro-Column Arrays Generated
by Pulsed Laser Irradiation”, Talk, Atlanta, GA, March

TEACHING EXPERIENCE
e Introduction to Material’'s Science and Engineering
Physical Metallurgy
Phase Transformations and Diffusion
Laser Processing
Thin Film Processes
X—Ray Diffraction
Nanoscience and Nanotechnology
Transport Phenomena in Materials Sciences



OTHER WORK EXPERIENCE

SOUTHWEST SPECIALTY HEAT TREATMENT

Wytheville, VA May — August 1996

e Tool steel hardening heat treatment, flame hardening, and annealing

WILLIAM’S MANUFACTURING INC.  Wytheville, VA

May — August 1992 — 1996

e Operation of HAAS machining center milling various tool steel components for the fastener
industry and final operations to lathe/milled tool steel machined parts. Tool steel product final
inspection, shipping, receiving, and inventory

STUDENT ADVISING
Eva Mutunga

SKILLS

Material’s Science skills : Atomic Force Microscopy, High Resolution Scanning and
Transmission Electron Microscopy, Auger Electron Spectroscopy, Grazing Incidence X-ray
Diffraction, X-ray Photoelectron Spectroscopy, RF Magnetron Sputtering, Electron—Beam
Stimulated Processing, Focused lon Beam Processing, Cathodoluminescence Spectroscopy,
Pulsed Laser Processing, Electron Beam Evaporation, Standard Lithographic Processes
including Plasma Enhanced Chemical Vapor Deposition, Reactive lon Etching, Contact and Step
Exposure Lithography, Ink Jetting, Optical Fluorescence Microscopy, Fluorescence Recovery
after Photobleaching, Electron Beam Lithography
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