


2008 NNIN REU CONVOCATION
Cornell University, Ithaca, NY

Sunday, August 10th Thru Wednesday, August 13th

OVERVIEW:

All presentations will be given in 101 Phillips Hall
For breakfasts and lunches note locations for each day below
The Poster Session & Reception will take place in the entire Duffield Hall Atrium

SUNDAY, AUGUST 10TH
7:00 PM Pizza Party/Welcome Games/Packets
Appel Commons Room 303

MONDAY, AUGUST 11TH
8:30-9:00 AM, Registration & Continental Breakfast (Phillips Hall Lounge)

9:00-9:20, Welcome: Prof. Sandip Tiwari, NNIN Director;
Ms. Melanie-Claire Mallison, NNIN REU Program Assistant

(Facilitator: Melanie-Claire Mallison)

9:20-9:30; Ms. Sophia Allaf.. PP o 1 T2
Optimizing the Direct Fabrlcatton of Nanoparticles for Cancer Diagnostics

9:30-9:40; Ms. Trisha Sengupta. . PPN 1 Y- 1. 3K 1.1
Direct-Fabricated Magnetic Nanoparttcles in Cancer Dlagnosttcs

9:40-9:50; Mr. Andrew Abreu. . . OO RO 1 1: 1ol ]
Synthesis of a BioMEM System for Dtrect Deltvery of Cancer Drugs

9:50-10:00; Mr. Christer Akouala. . . P 1 T: 1oL ]
Effects of Annealing on the Electronlc Propertles of GaAsN Alloys

10:00-10:10; Mr. Noah Allen .. . S 1 : Te R

Using Near-field Holography to Investtgate Super Hydrophoblc Surfaces
10:10-10:40, Break

(Facilitator: Angela Berenstein)

10:40-10:50; Mr. Damian Ancukiewicz. . P 0 7: 1oL |
Enhanced Light Emission Using Plasmontc Gold Nanoparttcles

10:50-11:00; Mr. Sergio Gonzalez. . . P 0 T: oL B
Fabricating a Magnetic Scanmng Probe Mlcroscope Tip

11:00-11:10; Ms. Amy Beasten .. . . T i |
Nanoscale Chemical Patternmg for Layer-by Layer Assembly of Conducttve Polymers

11:10-11:20; Ms. Molly Beernink.. e oe e ne e Y- 1-L 8 I |
Synthesis of Shaped Nanoparttcles for 2- Dtmenszonal Assemblles

11:20-11:30; Mr. Jason Brooks .. R o 1 T2 N 2]

Fabrication & Charactertzatton of Graphene Based Interconnects
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11:30-11:40; Ms. Jennifer Caraway. .. o e o ae e ae
Optimizing the Assembly of Carbon based Supercapacztors

11:45, Group Photograph with Charles Harrington
12:00-1:30, Lunch (Catering by Ithaca Bakery, Cajun Cook-Out) (Duffield Hall Atrium)

(Facilitator: Ethan Allen)
1:30-1:40; Ms. Elizabeth Cha..

Nanoimprint Lithography Based Fabrtcatzon of Shape Speczﬁc Polymer Nanocarrlers for

Disease-Triggered Drug Delivery

1:40-1:50; Ms. Wendi Chang .. .. .. .. co e e co ee oo o0 s0 ve o0 00 o0 00 o0 00 00 o0 00 o0 50 50 o0 20 o0 00 o0 50 se o0 20 o0 00 a0

Growth of Beta Silicon Carbide Nanowires

1:50-2:00; Mr. David Christle. . ae e e ne be e e e ne
The Diamond Age: Fabrlcatton on nltrogen -rich dlamond

2:00-2:10; Ms. Megan Connors..

Post 22nm, I1I-V MOSFET Fabrlcatlon

2:10-2:20; Ms. Alissa Cote. .

Low-Field Dynamic Nuclear Polartzatlon (DNP) Studylng Soft Matter Systems

2:20-2:30; Mr. Garron Deshazer .. ee te ae s ee oo be s es ae be ss s 0o be ss s 0 we be s 0e ae we ue
First-Principle Inter-Atomic F orce Constants for Thermal Reszstance Applications
2:30-3:00, Break

3:00-3:10; Mr. Ryan Edwards. . R o oe o
Nano-Scale Fluidics for Ultra Compact Lab On A Chlp Devzce Appltcatlons

3:10-3:20; Ms. Christina Elias .. .. .. .. .. .
STM Investigation of the Reaction of Benzaldehyde ona thanzum Dtoxzde Surface

3:20-3:30; Mr. Justin Foley .. ve ve s 0o ue se ue
Is There Optical Gain in Slltcon Nanoparticles?

3:30-3:40; Mr. Joshua Ott.

Optimization of MEMS Fabrlcatlon to Enable Szgnal Processzng, Reference F requency, &

Biological Sensing Applications of MEMS
3:40-3:50; Mr. Federico Garcia..

Ge TFT Flash Memory on CMOS Platforms

3:50-4:00; Ms. Katherine Aristizabal. . ee e e ee be e e e ae
Scanning Nanowire Waveguide for Molecular Imaging of Cancer Cells

4:00-4:30, Break

(Facilitator: Sandrine Martin)
4:30-4:40; Ms. Brielle Graham .. . e ae e
Optical Fiber Packaging for Integrated Photomc Structures
4:40-4:50; Ms. Rachel Simmons .. ........ oo aeu
Cellulose Fibril Patterning for Real sze Studtes of Cellulase Kmetzcs

4:50-5:00; Mr. Jose Guevarra. .

Flow Cytofluorometry wzth a Soft Elastomer-on Sllzcon Nano Photonlc Devzce for ngh Speed

Fluorescence Multi-Spectrum Acquisition
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5:00-5:10; Mr. LeMoyne Habimana-Griffin..
Characterization of the Diffusivity of Alkanes Uslng Lateral Dlﬁ‘uslon in Nanoporous Thln
Film Glass

5:10-5:20; Mr. Thomas Hartsfield . e . o oe e ne o oe e ne
Characterizing and Modeling Szltcon Mzgratzon Induced Shape Transformatzon

5:20-5:30; Ms. Angela Holmberg.. . . o oe e e
Nanocrystal Incorporation in the Llpld Bllayer of Phospholzpzd Veszcles

CNF CLEAN ROOM TOURS (Optional)

NNIN REU Admin; Dinner at Banfi’s, 6-8pm
NNIN REU Interns; Dinner on your own time, RPCC (use the dinner ticket in your packet!)

TUESDAY, AUGUST 12TH
8:30-9:00 AM, Registration & Continental Breakfast (Phillips Hall Lounge)

(Facilitator: Bob Ehrmann)
9:00-9:10; Mr. Pradeep Hothur . oo as se be s 0o se s ae se be en 0 be 0e we on 0 ve
Glass Frit Bonding for Selectlve F unctionalization & Packaglng of Biosensors
9:10-9:20; Ms. Jennifer Hou .. .. o oo e vt v viticeve e e e e e e e e e oo ne e
Characterization of Nanoscale Quantum Dots in-a- Well Infrared Sensors

9:20-9:30; Mr. Adam Jakus.. .
Synthesis of Multtfuncnonal Superparamagnetzc Iron Oxlde/ZnS/CdSe/ZnS Nanocrystals for
use as a Drug Delivery Mechanism in the Treatment of Cystic Fibrosis

9:30-9:40; Mr. Jason Jewell.. . e -
Nanopatterned Electrodes for Organzc Solar Cells

9:40-9:50; Ms. Oluwatosin Jolaoso.. oo ee ae s e e
Spray Pyrolysis of Copper Indmm Dzselenlde for Thzn F llm Solar Cells

9:50-10:20, Break

(Facilitator: Lynn Rathbun)

10:20-10:30; Mr. Patrick Jurney .. ve e 0o sn ae s be 0e e ae 0o b
Nano and Microfluidics for szngle rnolecule blophyslcs applications

10:30-10:40; Mr. Derek Keefer ..
Atomic Layer Deposition of Thln F llm HfOZ as Top Gate Oxzde in Graphene F leld Eﬁect
Transistors

10:40-10:50; Ms. Sunmin Kim . . oo e
Assembly and Control of nght Emzmng Nanostractares for Near—F leld Irnagzng

10:50-11:00; Ms. Sarah Koehler . .
Fabrication of MEMS Dewce for On Cth Mechanzcal Testtng of Nanoscale Thzn F zlms ina
Transmission Electron Microscope

11:00-11:10; Ms. Olaronke Latunde ..

Synthesis of Nanostructured Iron Oxtde Thln F llms for Photocatalytlc Hydrogen Prodactzon
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11:10-11:20, TEN MINUTE Break
11:20-12:00 PM, Second Year Program, Dr. Lynn Rathbun
12:00-1:10, Lunch (Box Lunches by Wegmans Food Market) (Find a place to eat....)

(Facilitator: Nancy Healy)

1:10-1:20; Ms. Vérida Léandre.. . e ee ee e e e ae ae e e
Characterization of Thin-F llm Polyamlde Nanoﬁltratlon Membranes

1:20-1:30; Mr. Jaime Lee .. . ..
The Integration of Nanowzre Electrontcs wzth Top Down CMOS through Dlrect Growth

1:30-1:40; Ms. Jessica Lehman.. .
Heat Removal from Mlcroelectronlcs using Plasma Technology

1:40-1:50; Mr. Yu Li.. e
Synthesis of Copper ( II ) Oxlde and Photoelectrochemlcal Generatlon of Hydrogen

1:50-2:00; Ms. Jill Lowman.. R
Polymer-Mediated Nanopartlcle Assembly for Catalyst and Energy Appllcatlons

2:00-2:30, Break

(Facilitator: James Griffin)

2:30-2:40; Mr. Andrey Malyutin .. e e ve s o ae e v ue
Fabrication and characterlzatlon of polymer solar cells

2:40-2:50; Ms. Kathleen Martinick. . e e en en e e e e e ae e e e e
Fabrication and Charactertzatlon of Nanoscale nght Sources in Dtamond

2:50-3:00; IVIS. ALICE IMIEIIE. .. .. o0 cu te e e o0 se o0 0 00 o0 00 o0 00 o0 o0 00 o0 50 o0 00 00 o0 00 o0 0 40 o0 00 40 o0 40 0 20 v0 00 a8

Endomicroscopic Two-photon Luminescence Imaging of Cancer Cells Using Molecularly
Targeted Gold Nanocages

3:00-3:10; Mr. Michael Moebius .. . -
Design and Fabrication of Mlcroﬂuldlc Dewces for the Study of F low through Carbon
Nanotubes

3:10-3:20; Ms. Merine Zinsou .. .. .. .. .. -
Development and Optimization of Pulse Platlng of Copper F llms

3:20-3:50, Break

3:50-4:00; Mr. Jose Fonseca .. ........

Fabrication of an Array of Thin Fllm Soltd 0xzde Fuel Cells

4:00-4:10; Ms. Jiaomin Ouyang. ..

Effect of Deposition Parameters in RF Sputterlng of Tltanlum Dloxlde Thtn F llms for Non—

Volatile Memory
4:10-4:20; Mr. Yaw Owusu-Boamah ..

Fabrication and Charactertzatlon of NanoScale Inhomogenous Metal/Semlconductor Contacts

4:20-4:30; Mr. Kishore Padmaraju. . .o oo s be se se 0o wn be e se oo ws ae
Fluorescent Silver Nanoclusters Self Assembled on DNA
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EVENING EVENT:
Cayuga Lake Cruise on the M/V Columbia

5:00, BOARD BUS TO BOAT, DO NOT BE LATE!
5:30, BOARD M/V COLUMBIA

6:00, CRUISE & DINNER!

9:00, Return to dock & board bus for return to Cornell

NOTE #1! Dr. Rob Ross, associate director of the The Paleontological Research Institution, will be on

board to entertain us with stories of Cayuga Lake’s history.
NOTE #2! Charles Harrington will be on board to take photographs of each site group.

WEDNESDAY, AUGUST 13TH
8:30-9:00 AM, Registration & Continental Breakfast (Duffield Hall Atrium)

(Facilitator: Kathryn Hollar)
9:00-9:10; Mr. Daniel Reeves.. o oo ae e e e ne te oo ae e s ee ae e ee 0o be en ee 0o ae oe s
Annealing Silicon Nanopartlcles to Increase TI for use in Medlcal Resonance Imaging
9:10-9:20; Ms. Allison Connolly. .. s oo ae e su se ae e se se as se se se ae ss 5o 5o as se ss se ae ss oo ue
Optimization and Mlcrofabrlcatlon of Electrosonic E]ector Mtcroarrays for Intracellular
Delivery
9:20-9:30; Ms. Jillian Kiser ..

Grayscale Lithography and Its Appltcatzon to Serew Dlslocattons in Collozdal Crystals

9:30-9:40; Mr. Alan Teran. .

Multiple Transfers of Slngle Walled Carbon Nanotubes on SlllCOn Wafers

9:40-9:50; Mr. Micah Points. .

Optimization of Ohmic Contacts and Current Spreadlng Layers for GaN Based Solar Cells

9:50-10:20, Break

10:20-10:30; Ms. Victoria Reeves . .
Probing the Microscopic Orlgzns of Straln Stlﬁ”enzng in Bzopolymer Gels

10:30-10:40; Mr. Stephen Rudisill ..

Metal Oxide Thin Films for LED Appllcatlons

10:40-10:50; Ms. Laurel Schmidt. . e e e e e e e e e e e e e e
Use of Engineered Proteins for the Organlzatlon of Nanostructures
10:50-11:00; Mr. Adam Scofield. .
Optical Waveguide Couplers F abrtcated by Nano tmprlnt Ltthography

11:00-11:10; Ms. Alisha Shutler. .

Investigation of Propagatlon Loss of Slllcon Wavegmdes Uszng Park and Alok Etchtng

Techniques

11:10-11:40, Break
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(Facilitator: Jennifer Tatham Root)

11:40-11:50; Ms. Sarah Grice.. . Y Y1 0 |
Capillarity-Based Reverszble Super Adheszon Devzce

11:50-12:00 PM; Ms. Julie Stiver.. ve oo oe e oo oo s page 40
Ultra-Thin Epitaxial Germamum on SlllCOl’l Plllars for Scaled MOSFET Devzces

12:00-12:10; Mr. Arun Swain.. te ot se be se e as se be s 00 be su we s 40 be 00 4s se be es 0 4e se a0 sn 0o we ..page 40

Capacitance Studies on Dual Channel Orgamc -Inorganic Thln Film Transistors for Chemlcal
Vapor Sensing Applications

12:10-12:20; Mr. Garrett Swindlehurst . o0 os se be s 0s 4s oo ae s se se 0o ae se se es 00 se su se 0n 00 ve o o0 o s PAZE 41

Characterization of Real-time Drug Release from Engineered Biomedical Coatmgs

12:20-12:30; Ms. Taemee Pak . o ae o a0 e 0 ve oo ee ot se be s 00 ss se a0 sn se vs 0o se se a0 os 0e ve o ae o spAZE 35

A Wireless Remote BlosenSOr f0r the Detection of Blologlcal Agents
12:30-1:30, Lunch (Catered by Word of Mouth) (Duffield Hall Atrium)

(Facilitator: Michael Deal)

1:30-1:40; Mr. Isaias TesTaslassi.. .. . v. v co oo o0 su oo vo a0 00 00 0o 00 00 00 0o o0 00 00 00 o0 o0 00 00 a0 o0 00 20 ss o0 oo so o PAZE 42
Fabrication and Optical Characterization of Nanoimprinted Plasmonic Constructs for
Biosensor Applications

1:40-1:50;5 Mr. TYler TOdAd.. .. .. «. e oo oo et co ce oo o0 su oo ve a0 00 00 0o o0 00 00 s0 o0 0 00 20 o0 o0 00 se a0 o0 o0 20 ss o0 oo so o PAZE 42
Electron Transfer/Transport in Nanoparticle/Polymer Monolayer Arrays

1:50-2:00; Mr. Steven Weber .. e o o0 0 ae se 00 ve 0o ae 00 o0 e oo s PAgE 43
High Efficiency Light Emlttmg Dlodes wn‘h Nanostructured Surfaces

2:00-2:10; Mr. Suron Woods . oo ot se be s 00 ae se se s 4o be 0u 4e se be ea 0 we se ae se 0 ve oo ve vo oe e oo oo s page 43

Integration of Blologlcal Observatlons & Theory into Computer Simulations of Bacterlal
Binding

2:10-2:20; Ms. Justine Soo Yun Yoon. to 4e o ae ss 0o se 0 as se se s 20 se s ae ss se ss 00 se su ae s 0o ve o oe o0 oo PAZE4S
Molecular Immobilization on a GOId Surface using a MlcrOﬂmdlc Devzce

2:20-2:30; Ms. Logan Osgood-JacoDS .. .. .. cc e co e ve o0 vo 00 00 00 o0 00 00 00 00 o0 00 20 00 00 00 00 o0 0 00 00 00 o0 oo s PAZE 32
Synthetic Trees: Investigating Water at Negative Pressures Through Transpiration

2:30-2:45, Set Up Poster Session
2:45-4:30, Poster Session & Reception

4:00, Ms. Melanie-Claire Mallison, NNIN REU Program Assistant, Wrap Up

THURSDAY, AUGUST 14TH

EVERYONE MUST CHECK OUT BY 10:00 AM
(no meals provided)
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National Nanotechnology Infrastructure Network
Research Experience for Undergraduates Program

Abstracts
(in alphabetical order)



Synthesis of a BioMEM System
for Direct Delivery of Cancer Drugs

Andrew U. Abreu
Materials Science and Engineering,
Rensselaer Polytechnic Institute

REU Site: Howard Nanoscale Science and Engineering
Facility, Howard University

PI: Dr. Gary Harris, HNF, Howard University
Mentor: Nefertiti Patrick-Boardley, Applied Physics,
University of Michigan

Contact info: abreua@rpi.edu, gharris@msrce.howard.edu,
boardley @umich.edu

Direct delivery of cancer drugs is a topic of increasing
importance. This technique increases the efficiency of
drugs, lowers the costs for treatment, and reduces the
severity of side-effects. One method for direct delivery
of drugs is to implant a biocompatible device made of
poly-dimethylsiloxane (PDMS) that contains cancer
drugs into sites of recently removed tumors. The cancer
drugs are dispensed from heating a hydrogel inside the
device, using micro-channels as delivery pathways and
a hyperthermia coil for supplying heat. This project
focuses on the inclusion of sophisticated micro-channels,
along with microgrooves on the device surface for cell
attachment to foster biocompatibility of the device with
the human body. A combination of photolithography
and soft lithography was used to create 50 x 50 ym
“step” grooves and micro-channel patterns onto silicon
substrates, which were then replicated with PDMS and
attached to the device casing. A custom metal mold was
then created for device synthesis with prefabricated
grooves and micro-channels. Currently, prostate cancer
cell cultures are being added to the grooves to monitor
cell attachment.

Effects of Annealing on the Electronic
Properties of GaAsN Alloys

Christer-Rajiv Akouala
Physics, Appalachian State University

NNIN REU Site: Lurie Nanofabrication Facility, University
of Michigan

PIs: Rachel S. Goldman, Materials Science and Engr;
Cagliyan Kurdak, Physics, University of Michigan

Mentor: Yu Jin, Physics, University of Michigan

Contact: ca79043 @appstate.edu, rsgold@umich.edu,
kurdak @umich.edu, jinyu@umich.edu

(In)GaAsN alloys with a few percent nitrogen have
potential applications in infrared laser diodes, high
efficiency solar cells, and other electronic devices.
However, as-grown films often exhibit photo-
luminescence (PL) efficiencies and electron mobilities
substantially lower than those of (In)GaAs. Although
post-growth annealing has been extensively used to
improve the PL efficiency of (In)GaAsN, the mechanisms
for this improvement are not well understood, and
the influence of annealing on the electronic properties
remains unknown. In this work, we have investigated
the influence of post-growth annealing on the electronic
properties of GaAsN alloys grown by plasma-assisted
molecular-beamepitaxy. Following annealing, substantial
improvements in the electron mobility and free carrier
concentration were observed. Temperature dependent
Hall measurements reveal a thermally activated increase
in free carrier concentration for temperatures higher than
150K, presumably due to N-related deep-level defects
within the GaAsN bandgap. Post-growth annealing leads
to a temperature-independent free carrier concentration,
presumably due to a reduction in the concentration of
N-related deep-level defects. Interestingly, Raman
spectroscopy reveals a decrease in the intensity of features
associated with N interstitials. Thus, the observed deep-
level defects are likely related to the incorporation of N
in interstitial sites, and the annealing-induced increase
in free carrier density is likely due to the diffusion of N
from interstitial to substitutional lattice sites.
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Optimizing the Direct Fabrication of
Nanoparticles for Cancer Diagnostics

Sophia Allaf
Applied Health, Azusa Pacific University

REU Site: Stanford Nanofabrication Facility. Stanford
University

Pls: Mary Tang and Yi Cui, Material Science and
Engineering, Stanford University

Mentors: Ching-Mei Hsu, Materials Science and
Engineering, and Stephen Connor, Chemistry, Stanford
University

Contact: sophiaallaf2 @apu.edu, mtang @stanford.edu,
yicui@stanford.edu

Nanoparticles with specific ordered structure and
composition can produce unique optical or electro-
magnetic signatures. These nanoparticles are finding new
uses such as biomarker scaffolds in cancer diagnostics.
This work involves optimizing the process of direct
fabrication using nanoimprint and other techniques
common to device manufacturing in order to produce
these nanoparticles. In particular, our work focuses on
creating nanoimprint templates and optimizing their
use in thermal nanoimprinting. In order to optimize the
direct fabrication process, solution-phase synthesis and
various characterizations, such as scanning electron
microscopy of metal nanostructures are done. Nanosphere
lithography (NSL) of wafer-scale arrays is achieved
through Langmuir-Blodgettry (LB) and careful reactive
ion etching. We are utilizing LB in order to bypass many
of the limitations of the current fabrication methods and
still be able to create close-packed nanoparticle arrays
over large scales. This is unique in the field of NSL and
originates primarily in the use of nanoparticles of silica
as a direct mask for etching. The motivation behind this
research is to develop an optimized method of fabricating
magnetic nanoparticles for highly selective and sensitive
cancer bioassays.

Using Near-field Holography to
Investigate Super Hydrophobic Surfaces

Noah Allen
Electrical Engineering, Georgia Institute of
Technology

NNIN REU Site: Cornell NanoScale Science & Technology
Facility, Cornell University

NNIN REU Principal Investigator: Mr. Donald Tennant, CNF
Director of Operations, Cornell University

NNIN REU Mentor: Mr. Garry Bordonaro, CNF
Photolithography, Cornell University

Contact: noah@gatech.edu, tennant@cnf.cornell.edu,
bordonaro@cnf.cornell.edu

Near-field holography is a photolithographic process
that allows the transfer of nanometer sized gratings from
a phase mask into photoresist. The implementation of a
fine-pitch phase mask and UV light entering the mask
creates an interference between the zeroth and first orders
of diffraction just below the mask plane. The alternating
high and low intensity rows of light transfer the pattern
into photoresist allowing easy and inexpensive gratings
to be printed onto a substrate.

The phase mask was utilized in such a way that with the
double exposure of a substrate amatrix of dots was printed.
However, this system cannot use standard thickness
photoresist and anti-reflective coating so work was done
to create the most efficient recipe for pattern transfer.
Varying the substrate exposure across the substrate
created a gradient of printed dot sizes. By etching the dot
matrix, creating a variable thickness pillars matrix, the
hydrophobicity of the surface was tested. The goal of the
project was to relate the surface properties to the contact
characteristics of various liquids.
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Enhanced Light Emission Using
Plasmonic Gold Nanoparticles

Damian Ancukiewicz
Applied Physics, Columbia University

NNIN REU Site: University of New Mexico

REU PI: Prof. Ravi Jain, Center for High Technology
Materials, University of New Mexico

REU Mentors: Li Wang, Center for High Technology
Materials, Univeristy of New Mexico; Jiayu Chen, Center
for High Technology Materials, University of New Mexico

E-mail addresses: da2260@columbia.edu, jain@chtm.unm.
edu, liwang @unm.edu, jychen@ece.unm.edu

Gold nanoparticles with diameters of approximately
5-100 nm are able to exhibit localized surface plasmons,
which are quantizations of oscillations in the electric field
and charge distribution of the particles, usually at optical
frequencies. We attempted to use such “plasmonic”
nanoparticles to enhance the emission intensity of two
phenomena: quantum dot fluorescence and light emission
from metal-insulator-metal (MIM) tunnel junctions
(TJs), as elaborated below.

(1) Quantum dot fluorescence enhancement works via
strengthening of the electric field around a plasmonic
nanoparticle. To attempt enhancement, a layer of quantum dots
was spin-coated onto a glass slide, followed by a spacer layer
of SiO, with a thickness of ~10 nm. Lastly, Au nanoparticles
were deposited using various methods. Fluorescence spectra
and lifetimes were measured. The intensity and lifetime
of fluorescence were found to have both increased by
approximately two-fold.

(2) Enhancement of light emission from tunnel junctions (TJs)
was also attempted, with the intended mechanism being the
coupling of propagating surface plasmons generated in the
junctions (by tunneling electrons) to localized surface plasmons
in nanoparticles, which in turn should couple to light. Various
nanoparticle deposition methods were attempted on these TJs,
but in most cases the emission intensity was too weak to obtain
a spectrum either before or after deposition; nevertheless,
unusual light emission characterstics were observed from TJs
that were roughened by other methods.

Scanning Nanowire Waveguide for
Molecular Imaging of Cancer Cells

Katherine Aristizabal
Chemistry, Universidad del Valle

REU Site: Microelectronics Research Center,
University of Texas at Austin

PI: Li Shi, Mechanical Engineering, UT Austin

Mentor: Chad Baker, Yong Lee, Mechanical Engineering,
UT Austin

Contact: karisti@clemson.edu, lishi @mail.utexas.edu,
calbaker @mail.utexas.edu, yjlee @physics.utexas.edu

A novel near field scanning optical microscopy (NSOM)
method promises to achieve sub-50 nm spatial resolution
along with enhancing signal to noise ratio (SNR) in
optical imaging of single molecules and cell membranes.
This technique proposes use of a zinc oxide (ZnO)
nanowire plasmonic probe, which was synthesized by
a chemical vapor transport and condensation (CVTC)
system based on the vapor-liquid-solid (VLS) nanowire
growth mechanism. In the present research, ZnO and
graphite were used as source materials and the substrates
were coated with 5 nm of thin film gold catalyst at a
temperature of ~1000°C and ~700°C, respectively. Using
scanning electron microscopy (SEM), it was found that
the growth and the shape of nanowires were critically
dependent on the temperature of the substrates, which is
a function of position and temperature set point.
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Nanoscale Chemical Patterning
for Layer-by-Layer Assembly
of Conductive Polymers

Amy Beasten
Chemical Engineering, Tulane University

REU Site: Penn State Center for Nanotechnology Education
& Utilization, The Pennsylvania State University

PI: Dr. Michael A. Hickner, Materials Science and
Engineering, PSU

Mentor: Stephanie Petrina, Materials Science and
Engineering, PSU

Contact: abeasten @tulane.edu, mah49@psu.edu,
sap262@psu.edu

Surface chemical templates were created by microcontact
printing  3-aminopropyl-trimethoxysilane (APTMS)
using a composite poly(dimethylsiloxane) (PDMS)
stamp. A composite PDMS stamp with a hard PDMS
patterned layer was required to produce line widths of
208 nm or 139 nm.

The amino functional groups on APTMS were
quaternized in iodomethane to give positive charges
on the surface which could then be used in layer-by-
layer (LBL) assembly. LBL assembly was used to
create nanometer sized conducting polymeric wires by
the sequential electrostatic deposition of poly(styrene
sulfonic acid) (PSS) and poly(aniline) (PANI) onto
the quaternized APTMS patterns. The geometry of the
patterns and wires were characterized with atomic force
microscopy. Conductivity measurements were made on
the wires, parallel and perpendicular to their long axis,
after each successive layer of LBL.

Synthesis of Shaped Nanoparticles
for 2-Dimensional Assemblies

Molly Beernink
Chemistry Major, Gustavus Adolphus College

NNIN REU Site: University of Minnesota

REU Principal Investigator: Dr. Andreas Stein, Department
of Chemistry, UMinn

REU Mentor: Fan Li, Department of Chemistry, UMinn

Email Addresses: mbeernin@gustavus.edu,
a-stein@umn.edu, lixxx326 @umn.edu

Hybrid molecular orbitals with specific bonding
directions provide a useful model to correlate bonding
of atomic building blocks with molecular structure.
The concept of directional bonding can, in principle, be
translated to larger, shaped nanoparticles when these are
assembled into extended arrays, which are of interest for
nanotechnology applications. Directional interactions
established by chemically controlled reactive sites
may promote the association of particles similar to
sigma bonding of atoms in molecules. We synthesized
particles that model the trigonal planar shape of sp2
hybrid orbitals with 120° angles by a two-dimensional
template methodology. A two-dimensional silica film
was fabricated as a 100 nm layer on a substrate coated
with physically and chemically adhered polymer spheres.
Removal of the spheres resulted in pores of uniform
size and shape in the film. The optimized conditions for
polymer sphere deposition and reactive-ion etching to
promote ordered sphere packing onto a substrate were
determined. The porous silica film was removed from the
substrate and separated into smaller structures through a
series of etching and mechanical stress techniques. These
silica fragments were characterized via high-resolution
scanning electron microscopy. The nanoparticles were
functionalized by multiple surface modification steps for
use in assembly processes.
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Graphene, a single layer of graphite, shows high
potential in outperforming copper as the base material
for next-generation CMOS interconnects. For example,
in nanometer channels of the same aspect ratio, graphene
is expected to have a higher conductance compared to
copper. Several important factors affect the performance
of graphene and need to be explored to showcase the full
potential. This project focuses on metal-graphene contact
interaction, thermal dependence, and width dependence
of graphene nanowire interconnects assembled on an
oxidized silicon substrate. Fabrication of sub-30 nm
channels was performed via electron-beam lithography
followed by a plasma etch to transfer the resist pattern
onto graphene.

Optimizing the Assembly of Carbon-
based Supercapacitors

Jennifer Caraway
Chemistry, University of the Incarnate Word

REU Site: Microelectronics Research Center,
University of Texas at Austin

PI: Dr. Rodney Ruoff, Mechanical Engineering, UT Austin
Mentor: Meryl Stoller, Mechanical Engineering, UT Austin

Contact: jenn.caraway@gmail.com, r.ruoff@mail.utexas.edu,
mstoller @mail.utexas.edu

Electrochemical double-layer capacitors (EDLCs), also
called “ultracapacitors” or “supercapacitors”, are an
important component for energy storage technology
due to their high power densities, yet their energy
densities are less than those of most batteries. Our
project focused on attempting to assemble EDLCs
with specific capacitance values upwards of 100 F/g
that operate with an electrochemical window up to
2.0~2.5V and that would maintain high power densities.
Achieving high energy density would be an exciting
additional achievement. Activated-carbon electrodes
were assembled using a polymer binder and tested with
the electrolyte tetraecthylammonium tetrafluoroborate in
an organic solvent. Cyclic voltammetry and impedance
tests were performed with an Autolab voltammeter using
a two-electrode cell, and SEM images of the electrode
were acquired. It was found that in the initial cycles of the
voltammetric measurements the assembled cells met the
specific capacitance and power density goals, however
the capacitance degraded after a few hundred cycles.
Ongoing research seeks to determine the mechanism
of degradation with continued use and to hopefully
overcome this challenge to achieve improved reliability
of the cell.
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Nanoimprint Lithography
Based Fabrication of Shape-Specific
Polymer Nanocarriers for
Disease-Triggered Drug Delivery
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Step and Flash Imprint lithography (S-FIL) is a nano
imprint lithography technique that can be used to
fabricate nanoparticles of specific shape, size, and aspect
ratio. The Imprio 100 (Molecular Imprints, Austin TX)
is a commercially available S-FIL tool that utilizes
silicon wafers as the imprinting substrate. To create a
suitable imprinting surface that will initially act as an
adhesion layer during the imprinting process and then
as a release layer to mildly remove the nanoparticles
from the surface; the Si wafer is pre-treated with a
bottom anti-reflective coating (BARC) and then a water
soluble polymer layer: polyvinyl alcohol (PVA). Defects
on the imprinting substrate will result in imperfections
in the imprints. The objective of my summer research
project was to determine the optimal spin coating speed
and percent polymer solution of the PVA that yielded a
uniform, reproducible pre-coated substrate. Success in
the spin coating process allows for a greater area to be
imprinted upon and therefore, contributes to the success
of the S-FIL process in creating a maximum number of
nanoparticles per wafer. Optimization of the imprinting
substrate coating process is required to fabricate uniform
imprints and therefore more uniform, reproducible
nanoparticles.

Growth of Beta
Silicon Carbide Nanowires

Wendi Chang
Physics and Optics, University of Rochester

REU Site: Howard Nanoscale Science and Engineering
Facility (HNF), Howard University

PI: Dr. Gary Harris, Electrical Engineering, HNF
Mentor: Crawford Taylor, Electrical Engineering, HNF

Contacts: wendi.chang @rochester.edu,
gharris@msrce.howard.edu, crawford @msrce.howard.edu

Silicon carbide, as a semiconducting material, has many
advantageous characteristics such as its wide bandgap
energy, high thermal conductivity, high electric field
breakdown strength, and high mechanical strength.
These traits make SiC highly desirable over many other
materials as semiconducting nanowires in the next
generation electronics due to its ability to withstand high
temperature and harsh environments. The focus of the
project is the characterization of the growth parameter
for beta (3C) SiC nanowires using Chemical Vapor
Deposition. We have successfully grown SiC nanowires
at temperature ranging from 1050°C to 1100°C using
silane and propane as precursor gases. Experimentation
with various surface preparations has found metal
catalysts, such as nickel or and aluminum, evaporated
by electron beam evaporation on Si substrate or on Si
substrate with SiO, layer to be most effective in aiding
SiC nanowires growth. Nanowires of up to 50 gm long
and an average of 50-100 nm in diameter were achieved.
The project was expanded to experiment with Si
nanowires as comparison. We have successfully grown
Si nanowires with silane as precursor gas at temperature
ranging from 750°C to 800°C on undulated polish on Si
substrate and 50nm gold particles placed on Si substrate.
These Si nanowires averaged 50 nm in diameter and
100 pm long. Further SiC nanowire growth
experimentation, nanowire characterizations, and
projects to implement these nanowires in devices such
as field emitters are currently in progress.
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The Diamond Age: Fabrication
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David J. Christle
Physics and Mathematics,
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NNIN REU Site: University of California at Santa Barbara
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With recent advancements in material growth
techniques, it is now possible to consider diamond as a
feasible alternative to silicon-based devices. Diamond’s
remarkable thermal properties, large band gap, and
defect states give the material applications in ultraviolet
detection, high-frequency electronics, and quantum
computation at ambient temperature. Experiments on
nitrogen-rich diamond show carrier photoexcitation with
2.3 eV laser, well below the 5.5 eV band gap of diamond.
In this research, we use photolithographic fabrication
techniques applied to diamond samples for patterning
and deposition of Ti/Au gates to study photoexcitation
in relation to a charge-storage effect. Challenges in
processing unique to small sample geometries are
presented along with workaround solutions. Diamond
etching using a focused gallium ion beam system is
carried out to create micron-sized, free-standing bridges
for use as photoexcitation channels of a known depth.
Other work on reducing the surface conductivity of
diamond by controlling the surface dangling bond
termination is also discussed.

Optimization and Microfabrication
of Electrosonic Ejector Microarrays
for Intracellular Delivery

Allison Connolly
Biomedical Engineering,
Johns Hopkins University

REU Site: Georgia Tech Microelectronics Research Center
PI: Dr. Andrei G. Fedorov, Mechanical Engr, Georgia Tech
Mentor: J. Mark Meacham, Mechanical Engr, Georgia Tech

Contact: aconnol2 @jhu.edu, andrei.fedorov@me.gatech.edu

The electrosonic ejector microarray (EEM) combines
mechanical and electrical stimulation to facilitate
nanomaterial (drugs and/or genes/nucleic acids) delivery
into cells. This REU project focuses on optimization
of an EEM, which was previously designed for fuel
atomization, to enable intracellular biomolecule delivery.
The EEM assembly consists of a piezoelectric transducer
for ultrasound generation, a polydimethylsiloxane
(PDMS) chamber for holding the biomolecule and
cell solution, and a 20x20 array of pyramidal-shaped
nozzles etched in silicon and coated with gold. The
piezoelectric transducer drives the mechanoporation of
the cells. The PDMS serves as both a fluid reservoir and
a microfluidic device. The reservoir holds water that
transfers the acoustic waves from the piezoelectric to
the cellular media. Using fluidic channels that are cast
into the PDMS, separate groups of nozzles are accessed
for ejection of multiple samples simultaneously. An
electric field is applied to the sample via the gold layer
coating the inside of the nozzles. The concurrent action
of mechano / electroporation should allow for greater
control of biophysical action and improved delivery
efficacy. Further, during ejection, each individual cell is
isolated at the ~50 ym wide nozzle tips, which allows for
uniform treatment across an entire sample.
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Post 22nm, 111-V MOSFET Fabrication

Megan Connors
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In order to increase the number of transistors on an
integrated circuit (IC) in accordance with Moore’s Law,
we must find new ways to decrease transistor size. As we
reach the limits of silicon transistors, new materials such
as III-V’s (i.e. indium gallium arsenide, InGaAs) may
be used for complementary metal oxide semiconductors
(CMOS) in sub-22 nm transistors. Key steps in this new
process include epitaxial regrowth using molecular beam
epitaxy (MBE), planarization, very thin sidewalls, and
deposition of gold for self-aligned source/drain contacts.
Gold deposition using electroplating will be one of the
final steps in creating a functional transistor.

Low-Field Dynamic Nuclear Polarization
(DNP) Studying Soft Matter Systems

Alissa Cote
Materials Science and Engineering, University
of lllinois at Urbana-Champaign

REU Site: University of California Santa Barbara

PI: Songi Han, Chemistry and Biochemistry, University of
California Santa Barbara

Mentor: Mark Lingwood, Chemistry and Biochemistry,
University of California Santa Barbara

Contact: acote2 @Quiuc.edu, songi@chem.ucsb.edu,
mlingwood@chem.ucsb.edu

Our group uses Dynamic Nuclear Polarization (DNP), a
method to enhance Nuclear Magnetic Resonance (NMR)
signal through polarization transfer from electron spins
to study water content and viscosity in lipid membranes.
At 3500 G, which is the field of our current working DNP
system, we have less-than-maximum or even no NMR
signal enhancement at all. This project focuses on moving
to a magnetic field of about 20 G since the theoretical
maximum enhancement increases at a lower field. By
moving to a low field, we will be able to both compare the
DNP enhancement of samples at different fields and test
samples in which no DNP enhancement was observed at
3500 G. DNP combines the accessibility of NMR with
the sensitivity of Electron Spin Resonance (ESR). When
free radicals are in close contact with nuclei, the electron
transition can be saturated with strong electromagnetic
radiation and transfer some of that energy to the nuclei,
which in turn, enhances the NMR signal. We will focus
on the design, construction, and testing of this new DNP
system, and show some initial results.
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First-Principle Inter-Atomic
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Garron Deshazer
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An accurate knowledge of heat transfer across semi-
conducting interfaces is critical to the performance of
electronic devices. A phonon transport model capable
of determining the thermal resistance at interfaces
would provide better understanding of heat transfer
issues in microelectronics materials, and also serve as
a framework for designing new material interfaces. In
this work, we examine phonon transport across a silicon-
germanium interface using force constants based on first
principles calculations. A density functional approach
with a localized orbital basis set is used to determine
the self-consistent charge and potential for bulk silicon,
germanium, and a silicon-germanium interface. Once
the equilibrium structure is determined, the interatomic
force constants between atoms are extracted from a
series of supercell calculations. With these interatomic
force constants, the phonon dispersions for Si and Ge
can be calculated and compared to experiment. The
strength of the force constant as a function of distance
between interacting atoms is also considered for the
three systems. For bulk Si and Ge, we find that a large
supercell (250 atoms) is required to generate phonon
dispersions in good agreement with experiment. When
plotted as a function of distance, the force constants
generated between the displaced atom and its nearest
neighbors (NN’s) along the interface were relatively
higher than the force constants between the systems
containing only silicon or germanium. I will also discuss
how these first principle interatomic force constants can
be incorporated into a non-equilibrium Green’s function
approach to determine the interface thermal resistance.

Nano-Scale Fluidics for Ultra-Compact
Lab-On-A-Chip Device Applications

Ryan Edwards
Biomedical Engineering,
University of Oklahoma

NNIN REU Site: Microelectronics Research Center, Georgia
Institute of Technology

NNIN REU PI: Dr. Ali Adibi, School of Electrical and
Computer Engineering, Georgia Tech
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Ultra-high Q chip-scale optical microresonators are
very attractive for lab-on-a-chip biological sensing of
various viruses, bacteria and infectious agent biomarker
proteins, through the surface coating of suitable probes.
Silicon-nitride (SiN) microresonators are specifically
advantageous owing to their operation in the low-loss
window for water absorption in the visible wavelength
range. A key challenge in the development of such a lab-
on-a-chip sensor is the optimal fluidic sample delivery to
the sensor surface.

This project focuses on designing, fabricating, and testing
various SU8 microfluidic channels tightly integrated
on the top of an array of SiN microresonators. In order
to functionalize each resonator with a specific coating
for a particular analyte, we use a large-angle surface
patterning tool and the Nano eNabler™ System from
BioForce Nanosciences, Inc., to print sub-femtoliter
volumes on the surface of the resontors within the
microfluidic channels. Finally the microfluidic channels
are enclosed by a polydimethylsiloxane (PDMS) or glass
cover slip and fluidic inlet/outlet ports are provided for
the sample injection through external syringe. As a result,
an inexpensive and ultra-compact lab-on-a-chip device
can be produced that can provide a rapid and sensitive
assay for a multiplexed array of viruses or infectious
biomarker proteins.
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The interaction between a metal oxide surface and
reactive organic compounds is a topic which is of
great interest to those concerned with the efficiency
of catalytically controlled reactions. Furthermore,
oxygenated hydrocarbons in the environment have
been for a long time, associated with environmental
pollutants, and the interaction of such compounds
with natural and engineered oxide surfaces is not well
understood. Processes such as adsorption, reaction, and/
or decomposition of organics over oxide surfaces can alter
the surfaces of coatings and aerosols particles, having a
general affect on environmental chemistry. In addition,
knowledge gained from such studies may improve
pollution remediation processes. We have chosen to
study the interaction of a volatile organic compound,
namely benzaldehyde, with a model oxide substrate,
titanium dioxide. We have observed carbon coupling
reactions for this system likely attributable to defects
on the oxide substrate during temperature programmed
reaction spectroscopy. Gaining a better understanding of
the role of the surface and determining the presence of
intermediates formed in the reaction are principal goals
for this investigation. Scanning tunneling microscopy
experiments revealed that benzaldehyde appears mobile
at room temperature. Temporary adsorption at titanium
atom sites was observed, however, the movement of
benzaldehyde molecules during the time scale of our
experiment was clear by sequential imaging of the same
area of the surface. Future work, therefore, will require
cooling to low temperatures to immobilize the molecules,
allowing for the identification of surface sites important
to reactivity and any reaction intermediates formed.

Is There Optical Gain in Silicon
Nanoparticles?

Justin Foley
Applied Physics and Civil Engineering,
Michigan Technological University

NNIN REU Site: University of Minnesota
REU PI: Dr. Anand Gopinath, Electrical Engr, UMinn
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hink0075 @umn.edu

Energy conservation is becoming an increasingly
important aspect of today’s society providing motivation
for developing more efficient electronics. Lasers are 20
to 30 times more efficient than conventional incandescent
or fluorescent lights generally used today. This fact
motivates the desire to create a white light laser that
can be diffused for ambient lighting. Room temperature
photo-luminescent (PL) silicon nanoparticles (Si-nps)
have been shown to emit across the visible light spectrum
(450-800 nm) and have been used in light emitting
diodes (LEDs). These same particles may hold promise
as the active medium in a laser if they exhibit optical
gain. This research focuses on determining if these
particles produce stimulated emission by utilizing an
ultra-fast frequency doubled titanium-sapphire laser in a
pump-probe configuration. With a pump wavelength of
400nm and a probe of white light incident on a solution
of hydrosilylated Si-nps in toluene a large transient
absorption across the entire spectrum dominates any
stimulated emission that may be present.
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Thin film solid oxide fuel cells (SOFC) offer unique
advantages for diverse applications because of their high
efficiency and small size. Thin film SOFCs can operate
at much lower temperatures than common large-scale
SOFCs. Planar thin film SOFCs were fabricated by
first creating square Si,N, membranes ranging from 10
to 300 ym in width using conventional MEMS-based
photolithographic and etching techniques. RF sputtering
was utilized to deposit 150-300 nm of yttria stabilized
zirconia (YSZ) to form the electrolyte membrane, and
then annealed the membrane to improve crystallinity
and finally removed the underlying Si,N, by reactive ion
etching (RIE). Layers of 6 nm porous Pt were deposited
as catalyst, on both sides of the YSZ membranes, to
form the anode and cathode electrodes. The array of
small devices will ultimately allow us to investigate new
electrolyte materials using a combinatorial approach.

Ge TFT Flash Memory
on CMOS Platforms

Federico Garcia
Electrical Engineering, Columbia University

REU Site: Cornell NanoScale Science & Technology Facility,
Cornell University
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In recent years, it has become difficult to scale
complementary metal oxide semiconductor (CMOS)
technology. Incorporating a Ge channel is an attractive
option, since Ge has lower effective mass and a higher
hole (4X higher) and electron (2X higher) mobility
compared with silicon. Using a Ge channel instead of a
Si channel done through e-beam evaporation and CMP,
a ALO, tunnel oxide (Atomic Layer Depostion), Au
nanocrystals (e-beam evaporator), Al,O, control oxide
(ALD), and Cr gate (e-beam evaporator), this thin film
transistor device will be compared with a standard Si
thin film transistor in terms of IV and CV characteristics.
Ideally, since Ge performs better in PMOS, it will be
used only in PMOS on a CMOS platform.
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Quantum information processing and spintronic devices
are reliant on the manipulation of spin. We will show
how to fabricate a magnetic scanning probe microscope
tip made of samarium-cobalt that can apply a localized
magnetic field. This could be used to manipulate the spin
of a single electron in a nanowire quantum dot. Using
the focused ion beam, we mill a tip that is 100 nm in
diameter.

Optical Fiber Packaging for
Integrated Photonic Structures

Brielle Graham
Applied Physics, Richard Stockton
College of New Jersey
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Finished photonics chips are usually diced, which leaves
very rough edges, into and out of which light cannot
be efficiently coupled for testing and measurement.
Polishing of the edges of the diced edges usually follows,
but this is a very time consuming process (~ 2 hours/
chip). The purpose of this project is to eliminate the need
for polishing while allowing the same or improved light
coupling. To this end, trenches which run perpendicular
to the ends of the wave guides are photolithographically
patterned and etched into the chip, eliminating the dicing
and polishing. The first step of the process was dedicated
to characterizing the resist patterning and etchers. The
next step was to investigate the sidewalls of the etches to
determine whether they were smooth enough to facilitate
light coupling. The final step was to apply the previously
identified processes to a chip with waveguides and test the
light coupling and transmission in the lab. If time permits,
this process will be used to define trenches which will be
used to position and glue into place cleaved optical fibers
for the purpose of packaging photonic chips.
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When attacked by predators, the palm beetle clings tightly
to the ground using the adhesion of small droplets of fluid
that it extrudes from bristles on its tarsi. The beetle can
then detach itself on demand when the danger has passed
by retracting these droplets. Due to surface tension of the
liquid bridges formed between its tarsi and the substrate,
a beetle can withstand a force up to 100 times of its body
weight. This project draws inspiration from this defense
mechanism by creating an adhesion pad in which water
droplets are controlled by an electroosmotic pump to
achieve reversible super-adhesion. The basic device
consists of a sandwich of silicon wafers with arrays of
evenly spaced holes, the inner sides of which are coated
with gold to form an electrode. In between the two
wafers is a polyethersulfone (PES) frit. When a voltage
is applied across the electrodes, electroosmotic flow
pumps water from a reservoir to the top of the sandwich,
where droplets are formed. In order to enhance the
adhesion performance, two modifications were made
to the previous design. First, the droplet diameters were
reduced from the previously fabricated 150-500 pm
hole devices to 50-100 xm, which allows more droplets
per unit area and thereby increases the adhesion force.
Second, a raised frame around the array was fabricated to
allow easy detachment and is a first step in optimizing the
liquid bridge length during attachment. The functionality
of the pump assembly and droplet formation of these
devices was tested.

Flow Cytofluorometry with a Soft
Elastomer-on-Silicon Nano Photonic
Device for High-Speed Fluorescence

Multi-Spectrum Acquisition

Jose Guevarra
Mechanical Engineering, University of
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Flow cytofluorometry is an invaluable tool in separating
and analyzing biological samples. Applications of this
technology include medicine, biology, and Homeland
Security. Current cytofluorometry devices require
multiple photo detectors and complex optics to perform
fluorescence spectroscopy analysis on biological samples.
We propose a much simpler method of performing flow
cytofluorometry.

A soft elastomer-on-silicon nano photonic micro-
electromechanical systems (MEMS) device has been
successfully used for high-speed fluorescence multi-
spectrum acquisition. This project’s goal was to fabricate
a microfluidics flow cell for hydrodynamic focusing
and sample interrogation to augment this high-speed
fluorescence spectrometer. Using a single layer of SU-8
photoresist and a lithography exposure, a flow cell
mold was fabricated. Then using a rapid PDMS curing
technique and plasma glass wafer bonding a complete
flow cells were quickly produced. The resultant flow
cells had two sheathing flow channels, one sample
flow channel, and an interrogation zone channel area
measuring between 15 by 340 and 80 by 340.

Fluorescent beads of diameters ranging from 6.5 to
50 were excited with 438 nm wavelength light by
placing the flow cell on the stage of a fluorescence
microscope. The emission light ranging over 520 nm in
wavelength was then directed to a photomultiplier tube
for measurements. Bead detection measurements were
taken using flow rates of 0.01/min and 0.01 ml/min.
We demonstrated that a simple microfluidics flow cell
can detect and count fluorescent particles. Future work
will use the microfluidics flow cell add fluorescence
spectroscopy capabilities.
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The diffusivities of n-alkanes have been studied in
depth over the past decades dominantly using nuclear
magnetic resonance (NMR) and small-angle neutron
scattering (SANS) techniques. However, the usage
of these techniques has been limited by their complex
implementation and data analysis. We present a
novel technique to characterize the diffusivities with
straightforward optical measurements of the motion of
the liquid diffusion front in a nanoporous thin film glass.
This involves cleaving and submerging the thin film
deposited on a Si substrate and capped with a transparent
silicon nitride layer, which allows one-dimensional
Fickian lateral diffusion into the plane of the film, in a
liquid alkane. The experimentally observed molecular
weight and temperature dependence on the diffusivities
of the n-alkanes is perfectly consistent with a previously
reported result characterized by pulsed-gradient spin-
echo NMR [1]. The implications of our novel technique
are discussed in the context of the study of polymer
rheology and nanoscale confinement effects on the
behavior of organic molecules.
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Akey challenge in creating photonic crystal devices with
structure in the nanometer regime is creation of smooth,
symmetric, defect-free surfaces with high reproducibility.
Silicon migration is a diffusive process that increases
symmetry and smoothness of silicon surfaces as atoms
flow into lower energy configurations. This process is
distinctly different from the usual methods of shaping
silicon, as it is a fluidic transformation as opposed to a
sharp cut or etch. In this work we tried to model the
migration rates as a function of ambient temperature
and pressure. We etched periodic trenches in crystalline
silicon with a width of 400 nm up to a micron and a
separation of between 500 nm and 2 microns, and then
examined the effect of annealing them in various ambient
conditions. Hydrogen-ambient anneals were performed
at pressures between 20 and 80 torr and temperature
values of 1050 and 1100°C. We then measured the
change in the surface topology by imaging cross sections
under SEM. The resulting change was then compared to
a dimensionless transient simulation of the phenomenon
to characterize the magnitude coefficient. Experimental
values for the magnitude coefficient were calculated with
the model and the dependence of this coefficient upon
pressure and temperature was then determined. This
work will bring us closer to building an accurate model
for silicon migration induced shape transformations as
well as a better understanding of the effectiveness of
direct applications of the process.

page 21



Nanocrystal Incorporation in the Lipid
Bilayer of Phospholipid Vesicles

Angela L. Holmberg
Chemical Engineering and Chemistry,
University of Minnesota-Twin Cities

REU Site: Microelectronics Research Center, University of
Texas at Austin

PI: Brian A. Korgel, Chemical Engineering, University of
Texas at Austin

Mentor: Michael R. Rasch, Chemical Engineering,
University of Texas at Austin

Contact: holmbl08@umn.edu, korgel@che.utexas.edu,
mr8729@che.utexas.edu

Phospholipid vesicles are useful tools in biotechnology
and medicine because of their subcellular size and ability
to encapsulate diagnostic and therapeutic molecules.
Hydrophobic nanocrystals with useful optical or magnetic
propertiesembeddedinthe vesicle’s lipid membrane could
provide a way to control externally the chemical state or
the trans-membrane transport rate of molecules trapped
inside the vesicle. In this project, vesicle-embedded gold
nanocrystals were produced by detergent dialysis. Vesicle
synthesis parameters, including the lipid/detergent
ratio, solvent ionic strength, and dialysis rate, were
optimized to target a mean liposome diameter of 60 nm.
Gold nanocrystals were synthesized with hydrophobic
capping ligands and diameters ranging from 1.5-5 nm.
Varying amounts of these nanocrystals were mixed with
lipid for detergent dialysis to determine the nanocrystals’
influence on vesicle formation. Transmission electron
microscopy (TEM) images of the vesicle suspensions
revealed that gold nanocrystals smaller than the bilayer
membranes were primarily embedded within the lipid
membranes, while larger nanoparticles were primarily
centered inside lipid micelles. The size-dependence of
the incorporation of the nanocrystals into the vesicle
lipid bilayer is important to note as vesicle-embedded
nanocrystals are investigated further for drug transport,
targeting, imaging, and controlled release applications.
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In an effort to enhance diagnostic techniques for diseases,
the development of MEMS (Microelectromechanical
Systems) biosensors offers anovel approach towards mass
producing inexpensive reliable sensors. The objective of
this project is to effectively package a biosensor through
a glass-frit bonding process using a screen printer. In
particular, the process outlined here is meant to work
with mass sensitive biosensors; these sensors work by
inducing a change in resonant frequency based on the
change in mass due to analyte attaching to the sensor
i.e. protein binding. During the research, etch rates and
etch rate selectivity for silicon etching from the front
and backside of the packaging wafer were established.
Furthermore the glass-frit material was successfully
screen printed onto the packaging wafer. We expect to
bond the packaging wafer with a device wafer, moving
us closer to a fully packaged biosensor.
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Infrared detectors have many military, medical, and
industrial applications due to their ability to detect
radiation in the form of heat. Currently, research groups
are advancing towards third-generation infrared detectors
that have large size focal plane arrays, improved
functionality, and increased operating temperatures. For
higher operating temperatures, one major challenge is to
reduce the dark current. The innovative quantum dots-
in-a-well (DWELL) infrared detector incorporates InAs
dots (three-dimensionally confined) into an In, Ga, , As
well, where photoexcitation occurs through intersubband
transitions in the conduction band. DWELL detectors
provide better control over operating wavelengths and
have decreased dark current. In this abstract, we report
a variation in the DWELL structure, where a single
In, Ga  As well has been modified to a dots-in-a-

double well (DDWELL) structure with In . _Ga___As/

0.15 0.85
GaAs wells. The Al . Ga__ As barriers located between

the asymmetric wel(igoser%fgé) to both lower dark current
and to prevent electron coupling. The focus of this project
is to optimize the Al Ga,, As barriers by comparing
detectors that have 30, 50, and 65 nm Al  Ga,,As
barriers by using four characterization methods: current-
voltage characteristics, spectral response, responsivity,
and specific detectivity. The results indicate that the 65 nm
barrier is optimal with a peak responsivity of 66 mA/W
and a peak detectivity of 3.1 x 10, cmHz"%/W, taken at
a -5V bias for 8.7 ym wavelength at 77K. Ultimately,
DDWELL infrared detectors keep all the advantages of
DWELL infrared detectors but additionally reduce dark
current to increase both the operating temperature and

detectivity.

Synthesis of Multifunctional
Superparamagnetic
Iron Oxide/ZnS/CdSe/ZnS
Nanocrystals for use as a
Drug Delivery Mechanism in the
Treatment of Cystic Fibrosis

Adam Jakus
Materials Science and Engineering,
Georgia Institute of Technology

REU Site: Center for High Technology Materials, UNM

PI: Marek Osinski, Electrical and Computer Engr, Computer
Science, Physics and Astronomy, University of New Mexico

Mentors: Tosifa Memon, Biochemistry, University of New
Mexico, Krishnaprisad Sankar, Electrical Engineering, UNM

Contact: adamjakus @gatech.edu, osinski@chtm.unm.edu,
tmemon@unm.edu, krishna@unm.edu

Cystic fibrosis is a genetic disorder that results in
an imbalance of salts within the body, which in turn
produces large amounts of highly viscous mucus that
cannot be thoroughly expelled by natural processes.
Consequently, there is continual proliferation of deadly
bacteria (Pneumonia aeruginosa), in the lungs, which
is the primary cause of death in cystic fibrosis patients.
Current treatment methods for cystic fibrosis are
minimally effective as they utilize drugs and delivery
mechanisms that seldom penetrate the thick mucus barrier
in the lungs. A potential method for drug transportation
through these barriers to the site of infection involves
magnetic transport of hydrophilic, iron oxide nanocrystals
capped with zinc sulfide and conjugated with a drug,
such as Tobramycin. This could be achieved using
both a steady state magnetic field to provide direction
and an alternating magnetic field to cause localized
hyperthermia, or temperature increase, decreasing
the force required to move the particles through the
barriers. Prior to using the particles in any kind of in vivo
application, their behavior must be thoroughly studied in
vitro. To facilitate monitoring the motion and behavior
of these particles in vitro, they are attached to cadmium
selenide/zinc sulfide to provide fluorescence that can be
easily observed with optical microscope. In this work,
we attempt to synthesize hydrophilic iron oxide cores
as well as iron oxide/cadmium selenide nanocomposites
that are both magnetic and fluorescent. These species
are then characterized using X-ray diffraction, TEM,
photoluminescence, absorption, and qualitative magnetic
character comparisons.
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Transparent conductors such as indium tin oxide (ITO)
are used extensively in a wide range of optoelectronic
devices. ITO is used in virtually all organic photovoltaic
cells, which are of interest based on their potential
for low-cost manufacturing on flexible substrates.
Unfortunately, the high cost and brittle nature of ITO
limit its application in organic solar cells, motivating the
search for transparent, conductive thin-film alternatives.
To address this challenge, we are investigating nano-
structured thin metal films that take advantage of surface
plasmonresonancesthatcanincreasetransparencyrelative
to a flat metal film of the same thickness, while retaining
nearly identical electrical conductivity. Structures of
interest include metal films with semi-ordered arrays of
holes producing a tight mesh. The nano-structuring is
performed using maskless lithographic techniques using
a block copolymer that creates nanoscale features on the
substrate. Selective etching of the self-patterned polymer
and the underlying metal film is expected to produce a
surface texture that increases the transparency of the
electrode.
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With the increasing costs of traditional sources of energy,
and depleting resources, photovoltaic energy is becoming
a feasible energy alternative. Copper indium diselenide
(CulnSe,) cells may provide a cost effective way to
produce electricity as their efficiencies are increased.
The focus of this project was to grow CulnSe, cells
by spray pyrolysis using a solution of copper chloride,
indium chloride, and dimethyl selenourea onto soda-lime
glass coated with molybdenum (Mo). After deposition
of CulnSe,, cadmium sulfide (CdS) was deposited by
chemical bath deposition. This arrangement of cells is
called “tandem,” or stacked, which also decreases costs
and space. Molybdenum acts a back contact and it was
deposited by evaporation and sputtering. The deposition
rate was determined to be 50A per minute for sputtering,
and the rate for evaporation depended on filament current.
The CulnSe, serves as the light absorbing layer, and was
grown at 250-400°C in a chamber where the pressure
was kept at atmosphere or slightly above atmospheric
pressure. FElectron dispersive spectroscopy (EDS)
confirmed the presence of copper, indium, and selenium.
The CdS acts as a window layer, and was deposited in
a chemical bath of thiourea, cadmium chloride, and
ammonium hydroxide at 70°C. The spectrophotometer
measurements of the CdS layer determined the bandgap
to be 2.1eV, which is slightly lower than the 2.30 -2.60eV
range reported in the literature. Discrepancies could be
attributed to the non-uniform surface.
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The recently developed abilities to manipulate and
visualize single deoxyribonucleic acid (DNA) molecules
are making a significant impact on discoveries in
cellular and molecular biology. Innovations in micro-
and nanofluidics are an important enabler of single-
molecule techniques. Two projects were pursued, one
to develop microfluidic devices for optical tweezers
applications and one to develop porous nanochannel
devices for elongation of single DNA molecules.
First, microchannel devices were fabricated using
polydimethylsiloxane (PDMS) cured on microfabricated
silicon templates for future use with optical tweezers
in DNA unzipping applications. Ability to form single-
molecule DNA-microsphere tethers was demonstrated.
Second, porous-wall nanochannels were fabricated using
interferometric lithography and silica nanoparticles for
use in visualizing fluorescently labeled DNA molecules.
Ability to elongate and visualize lambda phage DNA
molecules was confirmed in nanochannels on both
silicon and quartz substrates. Both of these achievements
are an important foundation for future work in analysis
of protein-DNA interactions, including a specific goal of
analyzing single chromatin fibers isolated from living
cells.
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Graphene is a single layer of sp2-bonded aromatic
carbons arranged in a honeycomb lattice which shows
some unique electronic properties. Current field effect
transistors based on graphene commonly use SiO,/Si
wafer as a global gate. In order to locally control the carrier
type and density, we plan to fabricate a with hafnium
oxide as gate dielectric top gate. With the techniques of
E-beam lithography and atomic layer deposition we have
patterned and deposited a 46 nm thick film of hafnium
oxide across single and bi-layer graphene.
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A uniform thin film of cadmium selenide (CdSe)
quantum dots is self-assembled by using a hydrophobic
colloidal suspension, with pre-determined amounts of
nanoparticles to control the thickness. CdSe quantum
dots, with diameters ranging from 7.3 nm to 9.8 nm,
and corresponding emission wavelengths from 560 nm
to 620 nm, were suspended in a 50:50 solution of
dichloroethane or dichloromethane, and hexane. This
solution was dispensed on a convex water surface. As the
solvent evaporates, the nanoparticles nucleate towards the
center and the film grows outward radially as the contact
line of water and solvent expands due to convective
flow of solvent. The film can be then used as an “inking
pad” for hydrophobic polydimethylsiloxane (PDMS)
stamps with various patterns and features, ranging from
10 pm to 100 pgm. The film of CdSe quantum dots was
stamped on both glass and silicon substrates. Atomic
force microscopy (AFM) was used to measure the edge
thickness of each layer, and correlate the thickness,
or the number of monolayers, versus fluorescence
intensity of the quantum dots. To demonstrate the
electroluminescence of these particles, an inorganic light
emitting diode (LED) was fabricated by stamping CdSe
quantum dots on p-type silicon with a layer of silicon
dioxide, then depositing a layer of zinc oxide, and layer
of silver then gold. The well-controlled assembly and
stamping technique opens the door for near-field imaging
applications with the resolution beyond 10 nm.
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Innature, screw dislocations cause atomic crystals to grow
in an upward spiral pattern, which is distinctly different
from their typical island-like epitaxial growth patterns.
However, the small size of these atomic crystals makes
study of the growth of these spiral crystals very difficult.
Colloidal crystal growth, on the other hand, occurs
on a scale that is visible using traditional microscopy
techniques, and direct observations of such crystals
allow an unprecedented glimpse of the particle-scale
growth mechanisms. The ultimate goal of this project
is to study the spiral growth of colloidal crystals by
providing the core of a screw dislocation and observing
the growth of the crystals at the dislocation site. In order
to accomplish this, grayscale lithography techniques
were used to create a feature similar to a spiral staircase.
Grayscale lithography is unique in that, unlike typical
photolithography, some thickness of the photoresist
remains after developing. For this application, we used
a binary mask method, in which five different masks
were created, each mask being exposed for twice as long
as the previous one. Utilizing the additive properties of
exposure doses, one wafer can be exposed to all five
masks in order to create up to 32 different variations in
height in the developed photoresist. Using this technique,
we have achieved up to 24 steps in several variations of
a spiral staircase design and have begun to collect some
preliminary data regarding the colloidal crystal growth.
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Researchers have studied deformation mechanisms in
materials extensively, both qualitatively and quanti-
tatively; but very few studies have attempted to obtain
both qualitative and quantitative data simultaneously,
especially at the nanoscale. Typically, quantitative data is
obtained by performingexperimentsinascanningelectron
microscope (SEM), while deformation mechanisms
are then studied in a transmission electron microscope
(TEM). The objective of this research is to fabricate a
micro-electro-mechanical systems (MEMS) device that
can be used to obtain both qualitative and quantitative
data of the material as it deforms by performing the
experiment in-situ in a TEM. The fabrication process
involves photolithography and bulk micromachining
techniques on both sides of a heavily-doped silicon-on-
insulator (Sol) wafer.

The process integrates a free standing nanoscale thin film
specimen that can be tested in-situ in a TEM. The device
uses a thermally-actuated straining mechanism to apply
tensile stresses on the thin film.
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Photocatalytic hydrogen production has the potential
to provide an alternative source of energy. For this
purpose, a suitable semiconductor with the right band
gap is desired for maximum visible light absorption. The
selected semiconductor in this study was a-Fe,O, due to
its suitable band gap of 2.1 eV, appropriate valence band
position for oxygen evolution, satability in electrolyte
(pH > 3) and its abundance in nature. The focus of
the project is to overcome the limitations of its poor
conductivity, inappropriate conduction band gap position
for hydrogen evolution and its slow kinetics for water
oxidation by the nanostuctured design and the addition
of dopants. Sol-gel and electrodepositon methods were
used to synthesize iron oxide thin films. Different iron
precursors and substrates were used in this study. The
calcined temperature effect, doping effect, iron precursor
effect, and method effect were investigated.
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Water treatment and purification is an increasingly important
application of nanotechnology in the field of environmental
engineering. Many developing nations suffer as a result of
drinking water shortages while over 75% of the Earth’s water
supply is nonpotable saltwater. If filtration technologies can be
improved to efficiently desalinate seawater in a cost-effective
manner, water shortages will be nothing more than distant
memories. Nanofiltration (NF) membranes can be modified
to help solve this challenging problem. Thin film polymer
composites are fabricated into membranes that, when modified,
have impressive water purification qualities. NF membranes
have a mean pore size of 1.0 nm and separation characteristics
between ultrafiltration (UF) membranes, which separate
suspended solids and solutes with high molecular weight from
water and low molecular weight solutes, and reverse osmosis
membranes, which are dense nonporous films that reject all
ions. In this study, NF membranes are chemically modified
using electrostatic deposition to increase rejection, decrease
membrane fouling while maintaining permeability and flux.
Electrostatic deposition involves placing bilayers of charged
polymers on the polymeric membrane’s active surface.
The purpose of this research subproject is to characterize
the unmodified and modified NF membranes using several
different techniques including: atomic force microscopy,
electrokinetic analysis, scanning electron microscopy, and
goniometry (contact angle analysis). Characterization of these
membranes helps to determine how the surface morphology
affects membrane performance. The membranes used in this
experiment were thin-film polyamide composites called NF270
membranes from Filmtec Corporation. Characterization using
the techniques listed above showed that the modified NF270
membrane surfaces were less rough and more hydrophilic
than the unmodified membranes, indicating that the modified
membranes should exhibit increased rejection and decreased
fouling when compared to the unmodified membranes.
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Nanowires have shown significant potential for future
electronic, optical and bio/environmental sensing
applications. Here we discuss our efforts to integrate
semiconductor nanowires with on-chip micro-scale
components by combining the bottom-up nanowire
synthesis with top-down fabricated growth sites. The
experimental processes involved the application of a
negative photoresist layer with a monolayer of HDMS
serving as adhesive, followed by the patterning of
experimental designs using photolithography and pattern
transfer to the oxide layer by wet etching to produce
electrode pairs with exposed sidewalls. A thin coat of
nickel was then evaporated, followed by the deposition
of gold nanoparticles with diameters of 20 nm to serve
as catalysts during the nanowire growth. We developed
a process to successfully isolate the gold nanoparticles
on the sidewalls of the oxide structures. SnO, nanowires
were then grown on the samples using the Vapor Liquid
Solid (VLS) method. The samples were examined for
evidence of specific nanowire placement between two
different electrode designs.
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Existing thermal management methods for electronics
do not meet technology needs and remain a major
bottleneck in the evolution of computing, sensing,
and information technology. The decreasing size of
microelectronics components and the increasing thermal
output density require a dramatic increase of thermal
exchange surface.

The research objective is to investigate an alternative
cooling technology for microelectronics known as
electrostatic fluid accelerators. The proposed method
relies on electrostatic air propulsion, which involves
an application of voltage to a corona electrode creating
an electric field. These ionized air molecules, which
are propelled by the electric field, transfer part of
their energy to neutral air molecules via collisions and
create airflow called corona wind. While conducting
longevity tests on the microfabricated silicon corona
electrodes, we identified that the root cause of electrode
degradation is mainly due to the oxidation on corona
electrode surface resulting from corona discharge. To
increase electrode longevity, uncoated, TiW-coated,
and Pt-coated microfabricated AFM-cantilever corona
electrodes were tested for the investigation. In this
experiment,, unsharpened electrodes were used for the
testing because of ease of experimental analysis. Each
current-time test was conducted in ambient air with a
5 mm separation air gap distance between the corona
and collecting electrode. Scanning electron microscope
(SEM) and energy-dispersive x-ray spectroscopy (EDX)
were used to image the degradation and analyze the
electrode erosion.
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Nano-sized copper (II) oxide particles were successfully
synthesized by Ultrasonic Spray Pyrolysis (USP)
starting from aqueous copper (II) nitrate with varying
reaction conditions (reactor temperature 450°C-1180°C,
residence time 2s-5s). The product was confirmed by
FTIR (1384cm-1 assigned as Cu2+-O stretching mode).
All copper (II) oxide samples exhibited crystalline
structure with particle size ranging from 100 nm to
200 nm. Decreasing the reactor temperature resulted in
an attenuation of XRD peak intensity (corresponding
to apparent decreased crystallinity) coupled with an
increase in mean particle size and deviation. The direct
band gap was estimated to be ~1.6-1.9 eV from UV-Vis
spectra which agrees with published bulk values.
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Polymer-mediated nanoparticle assembly  offers
applications ranging from catalyst to energy. We have
recently demonstrated that nanostructured polymers of
poly-(p-xylylene) (PPX) can be fabricated by an oblique-
angle polymerization method. The nanostructured
polymers offer the possibility of fabricating surfaces
exhibiting tunable physical properties by systematically
varying and controlling the surface chemistry and
morphology at the same time. The nanostructured
polymers are deposited on a micropatterned substrate
from a directional vapor source in an evacuated chamber.
The micropatterned substrate consists of posts 10 ym in
diameter with 10 ym spacing between each post. The
substrate is oriented obliquely relative to the vapor flux,
typically at an angle of 10°, which creates a porous and
low-density film of columns. The columnar components
of our nanostructured PPX films constitute a carpet of
densely-packed fibers. The nanostructured PPX film
deposits on the top of the micropatterned posts creating
gaps in the film. We propose to create structured PPX-
nanocomposite sandwich films and control the dispersity
of the nanoparticles by controlling the porosity of the
structured polymer film. In our approach, PPX films will
be immersed in ligand solutions, where ligands absorb
to the columns. The ligand adsorbate will perform the
function of binding both to the PPXs and nanoparticle.
The adsorbate ligates nano-colloids in sufficient
quantities. The ligand adsorbate will be chosen from
the group consisting of an alkylamine and a nitrogen-
containing heterocycle capable of covalently binding the
metal species. The micro patterned PPX-nanocomposite
acts as a catalyst for electroless metallization.
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Polymer solar cells made from a donor/acceptor blend are
potentially inexpensive, flexible, and easy to manufacture
under standard temperatures and pressures. However,
their performance is not yet adequate for widespread
applications. One of the limiting factors in polymer solar
cell performance is charge carrier mobility through the
cell. Recently, it has been reported that the hole mobility
in certain blends can be enhanced by adding additional
electron transport material. Our hypothesis is that the
phase segregation process induces local ordering which
increases hole mobility.

We study how the hole mobility changes as a function
of blend composition and domain size in solar cells
with active layers consisting of various mixtures of
[6,6]-phenyl C61-butyric acid methyl ester (PCBM)
(electron acceptor) and  poly[2-methoxy-5-(3,7-
dimethyloctyloxy)-p-phenylene vinylene] (MDMO-
PPV) (electron donor). We calculate charge mobility
in hole-only devices and conductive atomic force
microscopy (c-AFM) experiments using space charge
limited current measurements. Mobility increases as
the ratio of PCBM to PPV in the active layer increases.
We present c-AFM images of each blend, and show that
phase separation between the two molecules and increase
in feature size of PCBM are correlated with the increase
in hole mobility.
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Photonic crystals—periodic modulations of a material’s
refractive index —can be used to manipulate light due to
their photonic bandgaps, which is analogous to the way
semiconductors manipulate electrons using electronic
bandgaps. Most photonic crystals have been developed
for applications in the near-infrared using materials
such as silicon, but there is a need for devices which
operate in the visible spectrum. Diamond is an attractive
material not only because it is transparent in the visible,
but because it possesses unique nitrogen vacancy (NV)
centers. These are defects in the diamond crystal lattice
which are bright emitters of red light and are promising
sources of single photons on demand. However, because
of its hardness, diamond is difficult to etch. For this
experiment, a diamond etch protocol was first created
using inductively coupled plasma (ICP) reactive ion
etching and then used to create diamond photonic crystals.
This work demonstrates the feasibility of optically
engineering the properties of diamond for applications
in the fields of optical information processing, imaging,
and biosensing.
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Gold nanoparticles have been attractive as a new class
of contrast agents for optical imaging of biological
tissue because their optical resonance wavelengths can
be precisely tuned over a broad range by controlling
their sizes and shapes. In this study, we demonstrated
the use of gold nanocages of 50 nm diameters as bright
contrast agents for the two-photon luminescence (TPL)
imaging of cancer cells. A breast cancer cell line, SK-
BR-3, which overexpresses epidermal growth factor
receptor HER2, was used to test the molecular specific
binding of bioconjugated gold nanocages. Real-time
endomicroscopic imaging of the monolayered SK-
BR-3 cells was performed with a miniature nonlinear
optical endomicroscope system. To further investigate
the potential application of the nanocages at tissue level,
non-invasive three-dimensional imaging will be studied
on a tissue phantom consisting of layered collagen gel
embedded with nanocage-labeled cancer cells. Overall,
molecularly targeted gold nanocages are promising as
contrast agents for in vivo optical cancer diagnostics
with a nonlinear optical endomicroscope.
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Carbon nanotubes (CNTs) have been investigated for
manifold applications due to their amazing properties,
including stiffness and strength exceeding steel, thermal
conductivity exceeding diamond, and ballistic electron
transport over micron scales. Additionally, fluid flow
experiments through CNTs have shown extraordinarily
high slip, reflecting unique flow dynamics. Voltages
induced by flow over the length of nanotubes have also
been observed. Relevant applications include the use of
CNTs in flow sensors, filtration, energy conversion, and
the study of chemical reactions where nanotubes may be
used as “miniature test tubes.”

Previous studies of flow through carbon nanotubes
have primarily investigated flow through membranes
containing low densities of short nanotubes. This study
is focused on developing methods for fabricating flow
cells and permeable membranes with pores of CNTs
using millimeter long, dense bundles of CNTs grown by
chemical vapor deposition (CVD).

Two initial designs are being pursued. The first design
allows for fluid flow through a PDMS membrane with
nanotube pores produced by spin-coating PDMS onto
vertically aligned CNT columns. This design will be used
for early investigations of flow dynamics. The second
design utilizes microfluidic channels patterned by UV
lithography into SU-8 photoresist. Highly densified,
horizontally aligned CNTs are embedded in a membrane
across these channels, forming a “CNT pipe” to facilitate
flow. These devices will later be modified to enable
investigation of flow induced voltages or be integrated
with various devices to develop novel microfluidic
systems.
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Water is one of the most well-known and researched
materials on the planet, however, the properties of water
at large negative pressures have been left relatively
unexplored. The current methods for looking at water
at negative pressures do not allow for the manipulation
needed in order to explore the thermodynamic, dynamic,
and structural properties of water. Trees have an elegant
mechanism to transport water from the root to the leaf
through transpiration using water at negative pressures
of up to -100 atms. The Stroock group was able to
imitate this mechanism using a hydrogel membrane to
create negative pressures in water, achieving as low as
-220 atms. Recreating this mechanism with a solid-state
platform rather than a gel would allow for the possibility
to use direct pressure sensing, avoid deformation and
collapse due to the stress in the liquid, and, potentially,
further increase the achievable tensions by exposing
the water to highly hydrophilic surfaces. This study
describes a new strategy to form a “Synthetic Tree” in
which the key element is a silicon supported, molecular
porous membrane: through-etched holes in a silicon
wafer provide the mechanical support for the nanoporous
glass; anodic bonding of this membrane to a Borofloat
glass wafer containing wells will allow macroscopic
volumes water to be put under tension.

page 32



Optimization of MEMS Fabrication
to Enable Signal Processing, Reference
Frequency, & Biological Sensing
Applications of MEMS

Joshua Ott
Electrical Engineering,
Southern Methodist University

NNIN REU Site: Cornell NanoScale Science & Technology
Facility, Cornell University

REU PI: Harold Craighead, Applied and Solid State Physics,
Cornell University

REU Mentors: Darren Southworth and Josh Cross, Applied
and Solid State Physics, Cornell University

Email Addresses: Jpott@smu.edu, hgcl @cornell.edu,
drs59@cornell.edu, jdc47@cornell.edu

The much-celebrated potential of resonate micro-electro-
mechanical systems (MEMS) in sensing and electrical
filter technologies has been limited by convenient
methods of device readout. Our purpose is to optimize
MEMS devices for electrical detection, enabling inte-
gration into real-world devices. We fabricate device
arrays in which the parameters of etch orifice, sacrificial
oxide thickness, and device geometry are varied in order
to maximize electrical coupling.
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Resistive switching of titanium dioxide (TiO,) has
attracted attention due to its potential application in
non-volatile memory devices. However, the exact
mechanism of switching is unknown. In this work, TiO,
thin films are deposited onto platinum substrates using
reactive radio-frequency (RF) magnetron sputtering. We
vary the substrate deposition temperature and substrate
bias in order to modify the chemical composition,
microstructure, and electrical properties of the TiO,
film. We use x-ray photospectroscopy (XPS) to measure
the surface stoichiometry to characterize TiO, films on
silicon. After photo-lithography, platinum electrodes
are sputtered. The final device structure is Pt/TiO,/Pt.
IV curves are measured to characterize the switching
behavior of the TiO, films. The results of this work will
help us understand how deposition conditions affect the
electrical properties of the film and give us insight into
the optimization of TiO, films for non-volatile memory
device applications.
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Schottky contacts are commonly used in different high
frequency, high temperature and high power electronic
devices. Their electrical characteristics, and performance,
critically depend on the nature of the metal/semiconductor
interface. For a variety of reasons, diodes often contain
small (typically 10 to 250 nm) patches of low-barrier
height regions embedded in a background with a higher
barrier height. Depending on the size and density of the
patches, the diodes can exhibit significant non-ideality.
In addition, determining the barrier height and density of
the patches generally requires complementary materials
characterization techniques coupled with modeling
of the current-voltage characteristics. The goal of this
project is to engineer inhomogeneous Schottky diodes
by intentionally introducing low barrier regions to
help us gain more insight into how to analyze the data
from naturally-occurring inhomogeneous diodes. The
size and density of these patches is controlled by the
nanofabrication process, and we intend to correlate the
observed electrical characteristics to the physical patch
parameters.
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Silver nanoclusters self-assembled on single stranded
deoxyribonucleic acid (DNA) exhibit sequence
dependent fluorescence. Basic understanding of their
structural and photophysical properties is essential for
the development of these fluorophores for applications
ranging from biological imaging to quantum optical
computing. DNA hairpins consisting of a double
stranded stem and a single stranded loop provide a model
system for studying the influence of DNA structure on
nanocluster properties. Here, we compare nanoclusters
assembled on DNA hairpins with 12 cytosines in the
loop (12C hairpins) to those previously studied on 9C
hairpins. Like the 9C hairpin, the 12C hairpin hosts
two different fluorescent species: a red emitter with the
same fluorescent characteristics as that found on the 9C
hairpin, and a yellow emitter not found on the 9C hairpin.
Correlations between fluorescence and mass spectroscopy
previously identified Agll green emitters and Agl3-15
red emitters on the 9C hairpin. The 12C hairpins host a
broader range of cluster sizes, making it more difficult to
identify the emitters. Our data suggests Ag3-7 clusters as
candidates for the yellow emitters and Ag13-22 clusters
as candidates for the red emitters. This is consistent with
the identification of Agl3-15 red emitters on the 9C
hairpin. We tried narrowing the emitter candidates with
photobleaching and thermal heating. These experiments
yielded changes in the fluorescence with no significant
change in the mass spectroscopy. This indicates that the
charge state of the cluster and the conformation of the
DNA may also affect the fluorescent properties of the
nanocluster.
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An aptamer-based biosensor capable of wireless data
transfer has been designed, fabricated, and tested with
conditions during electrical characterization having been
optimized. The sensor uses aptamers immobilized to a
pair of interdigitated electrodes to detect Staphylococcus
enterotoxin B (SEB). The data from the sensor is collected
and transmitted to a computer program for subsequent
analysis using a two-component wireless system.

We have designed a solvent-free method to fabricate
sensor chips that are comprised of two interdigitated
gold electrodes (150-nm thickness) evaporated onto a
silicon substrate. The electrodes are functionalized with
thiol-modified aptamers that were chosen based upon
their ability to bind to the target analyte. Upon contact
with SEB, discriminative binding between SEB and
electrode-bound aptamers occurs thereby producing
an observable change in the electrical properties of the
electrodes. Ultimately, we envision that this device can
be used for the remote detection of biological agents
limiting the exposure of humans to potential biological
threats.
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Modern single-junction solid-state solar cells are
approaching thermodynamic limits with peaked energy
conversion efficiencies of ~25%. Single-junction solar
cells are limited to a theoretical efficiency of approx-
imately 30% because the solar spectrum is broad, and
only a small range is absorbed efficiently. Single-junction
solar cells, like Si and GaAs, can only efficiently absorb
photons with energy near the bandgap energy (E,) of
the material. Photons with energy greater than E, are
absorbed, but any photon energy in excess of E, is
wasted as heat. Further, photons with energy less than
E, pass through un-absorbed, completely wasted. Multi-
junction solar cells avoid this limit by stacking several
materials with different bandgaps, each absorbing a
small portion of the solar spectrum at a higher efficiency.
The theoretical efficiency of multi-junction solar cells is
as high as 86% for an infinite stack. Simulations have
pointed to the III-N material system since the bandgap
range for InGaN alloys spans the entire solar spectrum
enabling the design of nearly ideal multi-junction solar
cells. The focus of this project is to optimize the p-ohmic
contacts to InGaN/GaN solar cells to enhance device
performance. To do this, thin conductive films of varying
thicknesses (0-260 nm) were used as current spreading
layers in order to decrease contact resistance and enhance
carrier collection. Devices with fill factors over 80% and
with open circuit voltages near 2V were achieved. It
was found that performance was more affected by the
absorbance properties of the contact layers than their
contact resistances.

page 35



Probing the Microscopic Origins of
Strain Stiffening in Biopolymer Gels

Victoria A. Reeves
Chemistry, Benedict College

NNIN REU Site: Harvard University

PI: Professor David A. Weitz, School of Engineering and
Applied Sciences/Department of Physics, Harvard University

Mentor: Louise Jawerth, School of Engineering and Applied
Sciences/Department of Physics, Harvard University

Email Addresses: vreeves16@yahoo.com,
weitz@seas.harvard.edu, ljawerth@fas.harvard.edu

The phenomenon of strain stiffening occurs naturally in
biopolymer networks like those of collagen, fibrin, and
actin gels. These networks, therefore, have the ability
to increase their stiffness with increasing strain. This
nonlinear response has been studied, but the molecular
structure and design system responsible for it are still, for
the most part, unknown. We used microscopic imaging
of cross-linked actin networks to closely see how the
individual filaments react to shearing. We expect to
observe the attenuation of thermal fluctuations in these
filaments, as proposed by theoretical models.
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Nuclear magnetic resonance imaging (MRI) is a non-
invasive medical imaging technique that looks at the
proton nuclear spins in the water in a patients body. By
combining field gradients and radiofrequency excitation,
three dimensional images of proton density and nuclear
spin relaxation times can be created [1]. The use of silicon
nanoparticles as an imaging agent provides an alternative
to conventional proton imaging that offers the possibility
of tracking drugs in vivo. Silicon is hyperpolarizable [2],
non-toxic and is found in insignificant amounts in the
body so provides a minimal background signal. The
spin-lattice relaxation time, or T1, determines the time
it takes for the hyperpolarized nuclear polarization to
return to thermal equilibrium, and so determines how
long the particles can be tracked in vivo. Hydrogen has
been shown to passivate surface states at the Si/SiO,
interface in nanocrytals [3,4]. This gives the nuclei
fewer relaxation paths and so increases T1. Various
sized crystalline nanoparticles and microparticles were
synthesized from ball-milled, high resistivity Si wafers.
These particles were centrifuged for specific sizes and
distributions which were confirmed by scanning electron
microscopy [5]. Using a Jiplec rapid thermal processor,
silicon nanoparticles were annealed at 350°C in a
forming gas mixture of 3% hydrogen and 97% nitrogen
while varying time. Studies on commercial crystalline
and amorphous nanoparticles were also carried out in the
same manner for comparison.

1. Weishaupt, D., Kochli, V., & Marincek, B. How does MRI work?; Springer:
New York, 2003.

2. Dementyev, A., Cory, D., & Ramanathan, C. Dynamic Nuclear Polarization
in Silicon Microparticles. Phys. Rev. Lett. 100, 127601 (2008).

3. Edwards, A. Interaction of H and H2 with the Silicon Dangling Orbital at
the {111} Si/SiO2 Interface. Phys. Rev. B. 44, 1832-1838 (1991).

4. Withrow, S. et al. Effects of Hydrogen in the Annealing Environment on
Photoluminescence from Si nanoparticles in SiO2. J. App. Phys., 86, 396-401
(1999).

5. Batchelor, G. An Introduction to Fluid Dynamics. Cambridge University
Press: New York, 1967.
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Electroluminescence (EL) of silicon nanoparticles holds
promise for a new generation of LEDs. While recently
reported values for EL efficiency max outataround 1.6%1,
these numbers could be increased via improvement
of charge delivery to the particles—optimization of the
electron and hole transport layers (ETL, HTL). For the
HTL, thin films of ZnO and Al-doped ZnO (AZO) were
deposited on glass and silicon substrates via atomic
layer deposition (ALD). Films’ physical and electrical
properties were determined by means of Auger electron
spectroscopy, atomic force microscopy, UV-VIS
spectroscopy, profilometry, ellipsometry, and four-point
probe measurements; resistivities in the range of 1.75 x
103 were achieved while maintaining an 85% transparency
across the visible spectrum. For the ETL, thin films of
NiO and WO, were deposited in an RF plasma sputtering
system. Deposition rates for each oxide were determined
and tuned to be within range of each other for future co-
deposition experiments. Oxygen concentration in process
gases was found to have a significant impact on NiO film
quality and deposition rates. Further investigation of the
films and their properties is necessary to begin device
construction.

1. K. Cho, N. Park, T. Kim, K. Kim, and G. Sung, Appl. Phys.
Lett. 86, 071909 (2005).
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Manufacturing reliable nanoelectronics can be challeng-
ing, simply because of the scale on which these devices are
built. Instead of using macroscale production techniques
to create these nanostructures, it may be more effective to
find a way to direct their self-assembly. Certain proteins
can be genetically engineered to assist in this process.
Permissive sites, which allow for the insertion of short
amino acid sequences without a loss of function, have
been identified in two different DNA binding proteins
from the bacterium Escherichia coli, the lac operon
repressor Lacl and the conjugation protein Tral. A short
polypeptide sequence with a known affinity for silver
particles has been inserted into each permissive site, and
the resulting modified proteins will be characterized.
Desired silver-binding Lacl derivatives will repress
expression of [3-galactosidase, while Tral derivatives
will be fully functional in conjugation. All derivatives
will exhibit a high affinity for silver. The ability of these
modified proteins to bind strongly to both DNA and
inorganic particles suggests they could play a key role
in the organization of nanostructures by arranging silver
particles in defined patterns along a DNA template.
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A chemical sensor can be created based on optical
planar waveguide interferometry. Since waveguides
have evanescent fields sensitive to index of refraction
changes, optically combining a guided sensing beam
with a reference beam generates an interference pattern
that depends on the relative phases of the two beams.
Applying a chemically selective film over the sensing
arm of the interferometer provides the basis for a sensor.
While achievements have been made using grating-
coupled silicon nitride waveguides, further research is
needed in development of inexpensive and more versatile
fabricationmethods. Inparticular,fabricationofthe grating
couplers poses the greatest challenge, as the line width of
the gratings is 360 nm. Nano-imprint lithography offers a
solution to this problem, with the ability to replicate 3-D
patterns inexpensively at nanometer resolution. Using
grayscale electron-beam lithography, imprint templates
for both the standard square grating and blazed gratings
were written in a hydrogen silsesquioxane resist. The
finished templates were treated with an anti-stick coating
by a C4F, plasma, and imprinted in a UV curable resist.
This resist served as an etch mask for quartz, which was
etched by inductively coupled plasma. Both patterns
were transferred successfully into quartz, upon which a
silicon nitride waveguide will be deposited by plasma
enhanced chemical vapor deposition. Comparison of
coupling efficiency between the two gratings will be
tested using a HeNe laser and CCD camera.
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Synthetic  antiferromagnetic  (SAF) nanoparticles
possess unique tunable magnetic properties, which
makes it instrumental in developing highly selective,
highly sensitive bioassays for tumor detection and
surveillance. Through a combination of top-down and
bottom-up approaches, we are able to fabricate these
nanoparticles and bypass the disadvantages of following
either single approach. Monodisperse SAF nanoparticles
are fabricated by means of nanoimprint lithography
(NIL), a top-down process. However, the method we use
to construct the template of nanopillars for NIL mainly
involves the bottom-up approach, which involves the
following steps: synthesis of silica Nanoparticles; surface
functionalization; deposition by Langmuir Blodgettry;
and reactive ion etching. SEM images after the etching
step show that we have been able to construct uniform
arrays of nanopillars on a silicon wafer, thus resulting in
a low-cost and production worthy stamps for fabricating
SAF nanoparticles.
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For decades now, silicon has been the material of
choice for the fabrication of semiconductor devices.
While electronic devices are widely fabricated on the
silicon platform, silicon photonics devices are still
under exploration because of the lack of efficient light
source, which is mainly limited by the intrinsic indirect
bandgap in silicon. Now, researchers at Intel and at the
University of California, Santa Barbara, have already
demonstrated a hybrid silicon evanescent platform
where I1I-V epitaxial structures are bonded to silicon on
insulator (SOI) wafers so that the optical mode inside
the III-V region can be manipulated by changing the
silicon waveguide dimensions. The confinement factor
inside the III-V layers can thus be changed for different
photonic devices such as lasers, amplifiers, modulators,
and photodetectors. As the waveguide dimension shrinks
based on the requirement for larger confinement factor
in III-V, the propagation loss in silicon waveguides are
more affected by the fabrication process errors such as
waveguide shape and sidewall roughness. In order for
transmission to be most effective, the losses throughout
the waveguide need to be minimized. In this work,
two etching techniques with different amount of CL2
and BCL3 flow have been used to fabricate the silicon
waveguides. The focus of this project is to determine
what the propagation loss is for these two methods,
thereby determining which etching technique produces
the lower loss.
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Cellulases are fundamental enzymes in the breaking down
of cellulose into fermentable sugars capable of being used
in bioethanol production. Cellulose based biofuels have
shown to be a viable alternative to fossil fuels, however
effective production of cellulosic bioethanol is dependent
on understanding kinetic interactions between cellulases and
cellulose. A technique for immobilizing cellulose fibrils on
solid substrates using a polymer liftoff method that allows for
real time imaging of cellulase-cellulose interactions has been
developed.

Photolithographically patterned features on a thin polymer
coating allow exposure of selected areas of the solid substrate
to the cellulose fibrils. Incubation of the cellulose followed
by drying, and subsequent polymer lift-off results in the
immobilization of cellulose aggregates and yields specific
morphologies depending on the pattern size used for the
immobilization. Depending on specific pattern attributes the
various patterned features allow for imaging of immobilized
cellulose mats, particles, or fibrils. Cellulose and Thermobifida
fusca cellulases Cel6B and Cel9A can be fluorescently tagged
and in combination with cellulose immobilization, can be
imaged via fluorescence microscopy. This fluorescence based
system can be used to elucidate interactions between cellulose
fibrils and the cellulases involved in depolymerization.

As part of this project, novel patterns containing registration
and alignment marks were developed. These patterns can be
used to identify specific cellulose features and image them in
real time. Furthermore, the registration marks included in the
novel patterns allow the tracking of specific cellulose features
over prolonged time-lapsed experiments. This immobilization
and identification through photolithographic patterning in
combination with quantitative fluorescence microscopy
techniques will result in a better understanding of cellulose-
cellulase interactions. This can provide a more thorough
understanding of the steps involved in the depolymerization
of cellulose into fermentable sugars, which will aid the
formulation of enzyme cocktails that improve the efficiency
and reduce the cost of bioethanol.
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While a limit exists for the scaling of planar metal
oxide semiconductor field effect transistor (MOSFET)
devices, alternative designs and materials offer new
opportunities forcontinuedscaling. Thiswork investigates
the vertical surround gate transistor consisting of nano-
pillars and thin epi-Ge. The pillars are defined by optical
lithography and then epitaxial germanium is deposited
by a reduced pressure chemical vapor deposition (RP-
CVD) system. Here we report on the CVD process.
The first step in the process is a high temperature in-
situ hydrogen bake to remove native oxide, but which
can adversely affect the pillar profile. By changing the
anneal conditions and observing with SEM, the anneal
was optimized to minimize silicon surface migration.
Subsequent steps include a silicon seed layer, germanium
deposition, and silicon cap layering. Spectroscopic
ellipsometry and atomic force microscopy (AFM) were
used to characterize the thin (0.3-25nm) epi-Ge layers, a
study which has not yet been reported on. We found that
the root-mean-square roughness was lowest (less than
0.5 nm) when only a few monolayers of germanium had
been deposited. Roughness then increased dramatically
to over 2 nm when 3 nm of germanium was deposited,
perhaps due to islanding. The roughness then decreased
gradually and leveled off around a value of 1nm. The
results of this analysis encourage further investigation
into the characterization of ultra-thin germanium. The
ensuing processing and completion of the devices will
offer an array of new design options for extended scaling
and higher levels of functional integration.
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A dual channel, four terminal organic-inorganic hybrid
thin film transistor is presented in which each channel
gates the other. This metal insulator semiconducting
field effect transistor (MISFET) can function as a
chemical vapor sensor. Four terminal organic-inorganic
hybrid thin film transistors were fabricated using zinc tin
oxide as the inorganic semiconductor and pentacene as
the organic semiconductor. These devices are relatively
inexpensive as they function in room temperatures
and were fabricated using a combination of solution
based processes and thermal evaporation to pattern the
semiconducting layers of zinc tin oxide and pentacene
respectively. Finally, chemical vapor sensing tests were
performed using isopropyl alcohol gas and the responses
were characterized by capacitance voltage (C-V)
measurements. A variety of useful MIS parameters can
be extracted from C-V curves such as threshold voltage
and flatband capacitance. The analytes create trapped
charges in the pentacene layer which causes a shift in the
threshold voltage, thereby creating a conduction channel
for current flow in the zinc tin oxide semiconductor. Upon
analyte delivery, shifts in the capacitance of the pentacene
and the dielectric layer underneath were observed with
respect to varying gate voltages. In addition to C-V
measurements, time dependent current measurements
were also conducted to observe the functionality of the
device as a viable chemical vapor sensor.
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The current development of drug-releasing biomedical
coatings has yielded wide application in the medical
industry.

Controlled drug release from biomedical coatings is of
specific interest to engineers designing internal medical
devices. However, the release mechanisms and the
design parameters affecting them are poorly understood.
Composite coatings of polyisobutylene-polystyrene
polymer with 10% (wt/wt) dexamethasone or rapamycin,
bothanti-inflammatorydrugs, weregeneratedonastainless
steel substrate using the ElectroNanospray™ process.
These coatings were then analyzed using atomic force
microscopy (AFM) and confocal Raman spectroscopy
imaging. The drug sequestration in the polymer and
release into solution over time was observed. Raman
imaging showed that the drug was aggregated in larger
micron-sized domains, and that release was primarily
due to the decay of these larger features. AFM showed
these drug domains eluting through spherical formations
on the surface; these domains increased in number
within the first 6 hours and decayed by 24 hours. These
results demonstrate the power of these complimentary
techniques for characterizing drug release from thin
films. It is hoped that subsequent characterization will
lead to a better understanding of the mechanism(s)
of drug release. This understanding should allow for
coatings to be engineered matching release profiles to
biologic needs.
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Single-walled carbon nanotubes (SWCNTs) have many
applications, including high speed transistor devices.
SWCNTs are grown on single-crystal quartz wafers
and then transferred onto silicon wafers by a process
that involves gold evaporation and thermal release tape.
When they are grown, there are usually between 4 to 10
SWCNTs per micrometer on the surface of the quartz
wafer. Increasing the number of SWCNTs per micrometer
increases the electrical performance of transistor devices
linearly.

In this work, we attempt to perform multiple transfers of
SWCNTs onto the same wafer in order to increase their
density. One of the problems we face is that residue from
the initial transfer is preventing any additional transfers
from succeeding. We approach this quandary using two
different techniques: applying different adhesives and
using various chemical solutions to clean any acrylic
tape residue that may be affecting the transfer process.
We use scanning electron microscopy (SEM) to detect
any change in residue concentration and to observe the
damage, if any, done to the SWCNTs by our process. We
also use probing equipment to measure any differences
in I-V characteristics and performance. From our results
we were able to show that multiple transfers did indeed
improve performance even though the multiple transfers
were not performed at 100%.
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This work focuses on the fabrication of gold nanoparticle
arrays using nanoimprint lithography (NIL) for optical
biosensor purposes. Noble metal nanoparticles such as
gold are unique that upon illumination by light of certain
frequency collective oscillations of the surface electrons
can be excited, which is known as the localized surface
plasmon resonance (LSPR). The LSPR of noble metals
is sensitive to the surrounding environmental changes,
so that a biomolecular binding event to the particle
surface will cause the LSPR spectral line to shift. The
LSPR sensitivity and ability to detect changes in the
surrounding medium can be exploited for determining
the binding of biological analytes. In this project, LSPR
of gold nanoparticles is used to provide detailed insight
into the interaction between two non-structural proteins
responsible for viral genome replication, NS3 and NSS5.
After fabricating the gold nanoparticle arrays, a self-
assembled monolayer (SAM) which includes cystamine,
glutaraldehyde, nitrilotriacetic acid (NTA) and nickel
sulfate is created. The SAM serves as a binding surface
for the NS3 with the gold nanoparticles. The sample is
then exposed to different molecules that are used to break
up and reattach the bonds between the SAM and NS3,
and between NS3 and NS5, and the LSPR response is
analyzed to investigate the interaction between the non-
structural proteins.
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Nanoparticle (NP)/Polymer composites exhibiting ad-
vantageous optical, electrical and mechanical properties
are of interest and in intensive investigations for a variety
of applications. A universal, fast and facile method to
prepare robust, freestanding and patternable NP/polymer
composites by evaporation-induced self-assembly on
a fluid interface has been developed. By transferring
the NP/polymer films onto discovery platforms with
predeposited interdigitating electrodes, electron transfer
at the metallic NP/polymer interfaces and electron
transport across the composite films have been studied
through a combination of electrical and spectroscopic
techniques.
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Light emitting diodes (LED’s) are solid state lighting
devices under widespread use in the electronics industry.
Due to their promising capacity to produce photons,
they could potentially replace inefficient incandescent
and fluorescent lights. However, state-of-the-art light
emitting diodes are still far from reaching the required
level of efficiency. One major obstacle is the low
extraction efficiency due to total internal reflection.
Most of the photons generated in the active region are
reflected off of the device’s surface and cannot escape
the device. A typical GaN light emitting diode has an
extraction efficiency as low as 4%.

In this project, we examine the effects of surface texturing
as a method of increasing the extraction efficiency.
We use a method of in situ silane treatment (ISST) to
roughen the LED surface, producing nanoscale features.
If a photon is reflected off of one edge of a roughened
surface, it is likely to be directed back towards another
part of the surface, instead of reflecting away from the
surface altogether. This greatly increases the probability
that a photon is eventually transmitted through the
surface, thus increasing the extraction efficiency. In order
to evaluate the effects of surface texturing, we develop
both planar and surface textured light emitting diodes
using identical fabrication processes, and we compare
both samples. Devices were characterized according
to electro-luminescence, optical power, and current
vs. voltage characteristics. We demonstrate that ISST,
a simple and inexpensive procedure, can drastically
increase LED efficiency.
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Some biological adhesive bonds, called catch bonds,
are enhanced by tensile force which enables complex
behaviors at the cellular level. For example, Escherichia
coli bacteria, binding to mannosylated surfaces via a
catch-bond forming protein called FimH, switch from
transient to rolling to stationary adhesion as hydro-
dynamic shear stress is increased and detach again if the
flow is turned off.

The behavior of the catch bond is also influenced by the
mechanical structure of the bacteria because the FimH
proteins are located at the tips of long projections called
fimbriae which extend from the surface of the bacteria.
These fimbriae are composed of a coiled chain of FimA
proteins which enable a spring-like behavior under shear
force. The behavior and arrangement of the fimbriae
distribute the adhesive functionality from the FimH
proteins at the tip across the surface. This affects the
behavior of the bacteria by allowing it to stick and roll.

Our lab currently uses adhesive dynamic simulations
and computational analysis to examine the relationship
between catch bonds under shear stress, the mechanical
structure of the fimbriae, and the behavior of the bacteria
in fluid flow. The goal of this project is to design and
implement into the simulation the additional functionality
of fimbrial uncoiling so that the affect of this behavior on
the catch bonds as well as the behavior of the bacteria can
be determined via computational analysis. We created
a two-state Monte Carlo algorithm using the polymer
Worm-Like-Chain equation to model the behavior of the
fimbriae under shear force.
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Recently, there has been an increasing interest in bio-
sensors. An ideal biosensor would be a simply
constructed, efficient, low-cost, rather compact multi-
array that could detect unlabeled molecules. In this
study, surface plasmon resonance (SPR) imaging and
microfluidics were combined to immobilize single
stranded deoxyribonucleic acid (DNA) and detect DNA
hybridization in a real-time label-free manner. Single
stranded thiolated DNA was first immobilized on a
gold surface, in which thereafter, the complementary
DNA strand was injected through a polydimethylsiloxan
(PDMS) multichannel. The hybridization was then
detected through an SPR imaging technique developed
in the lab. Fluorescently tagged complementary DNA
was also used to verify the hybridization of DNA
using a fluorescence array scanner. This technique, in
conjunction with other existing techniques, could be
used for gene mutation screenings as well as molecular
interaction studies.
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High aspect ratio copper structures are important in the
fabrication of heat dissipaters, heat sinks and RF antennas
among many other MEMS devices.

Electroplating is an electrochemical technique for
coating thick films (> 1 ym) on metallic surfaces. The
properties of the plated films are improved by the use of
pulse plating. In pulse plating, the potential or current
is alternated between two different values. Furthermore,
copper is an inexpensive and high plating efficiency
metal and has high electrical conductivity which makes
it an excellent material for a wide variety of products
including microelectronic devices. The goal of this
project is to develop and optimize a process for pulse
plating copper on a patterned wafer. The challenge is
to plate high aspect ratio, high quality features that are
commonly required in the MEMS processes. Different
pulse cycles allow us to obtain higher conductivity,
diminished stress on photo resist, denser films and
smaller grain size. Forward-reverse cycling enhances
film characteristics such as roughness, uniformity and
conformality. The optimum conditions for pulse plating
a patterned wafer were determined.
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