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Activities and Findings

Research and Education Activities:
The funds were used to support the attendance of reseearchers at the NANO-DDS conference.  These attendees presented their work at the
conference and provided feedback on their educational experience. This is provided in the uploaded file

Findings:
see attached file

Training and Development:
Funded attendees gained experience in presenting their research results at this conference.   For details, see attached document.

Outreach Activities:
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The University of Maine provided support to eleven attendees at the 2011 Nanoelectronics Devices for 
Defense & Security (NANO-DDS) Conference. The names of the attendees  and the amount of support 
they received in attending the 2011 NANO-DDS Conference were: 
 

NANO-DDS CONFERENCE ATTENDEE SUPPORT ORIGINAL ALLOCATION 
APPROVED 
ALLOCATION 

LAST FIRST AFFILIATION REG FEE  TRAVEL HOTEL TOTAL REG FEE TRAVEL HOTEL TOTAL 

Ebong  Idongesit  
U. of 
Michigan  $250.00 $400.00 $400.00 $1,050.00 $250.00 $457.33 $400.00 $1,107.33 

Gilbert  Matthew  U. of Illinois  $450.00 $500.00 $800.00 $1,750.00 $450.00 $396.80 $903.20 $1,750.00 

Jornet  Josep M  Georgia Tech  $250.00 $380.00 $420.00 $1,050.00 $250.00 $371.00 $429.00 $1,050.00 

Kapetanovic  Adnan  
U. 
Washington  $250.00 $500.00 $400.00 $1,150.00 $250.00 $0.00 $0.00 $250.00 

Karabiyik  Mustafa  
Florida 
Intern. U. $250.00 $300.00 $650.00 $1,200.00 $250.00 $622.50 $0.00 $872.50 

Kolmakov  Andrei  S. Illinois U.  $450.00 $450.00 $0.00 $900.00 $450.00 $434.90 $0.00 $884.90 

London  Laurisa  
Clark Atlanta 
U. $250.00 $350.00 $650.00 $1,250.00 $250.00 $350.00 $650.00 $1,250.00 

Perez  Jesus  
Paulo U. of 
Utah $250.00 $500.00 $500.00 $1,250.00 $250.00 $0.00 $0.00 $250.00 

Schmidt  Holger  UC Santa Cruz $450.00 $500.00 $500.00 $1,450.00 $450.00 $419.40 $316.82 $1,186.22 
Vega-
Alvarez  Sascha  

U. of Puerto 
Rico  $250.00 $750.00 $475.00 $1,475.00 $250.00 $0.00 $0.00 $250.00 

Wang  Chunlei  
Florida 
Intern. U  $450.00 $300.00 $350.00 $1,100.00 $450.00 $300.00 $347.22 $1,097.22 

TOTAL      $3,550.00 $4,930.00 $5,145.00 $13,625.00 $3,550.00 $3,351.93 $3,046.24 $9,948.17 

 
All of the supported attendees participated in the technical program of the conference. The associated 
abstracts for the talks/posters are provided with this report.  The supported attendees were also 
required to submit a written response to a questionnaire distributed at the conference.  In this 
questionnaire, the attendees described 1) their contribution to the conference which included a brief 
description of the research presented, 2) their activities at the conference which included the session 
they attended along with a detailed comments on at least two presentations that were on subjects that 
provided new insights that would benefit the attendee in their research activities or that were of a 
personal interest, 3)a 200-400 word narrative that described how their experienced at the conference 
would benefit their academic training and/or influence their research in the future.  The complete 
questionnaires are provided with this report. 
 
As is clear from the attached information, the attendee program that was supported by the NSF funding 
was very successful in bringing young researchers to the NANO-DDS Conference which both broadened 
the academic experience of the attendees. and enhanced the technical program at the meeting. 
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 2011 Nanoelectronic Devices for Defense & Security 
(NANO-DDS) Conference 

August 29- September 2, 2011 
Brooklyn, NY 

 
 
                  

Name:  Idongesit Ebong 
University:  University of Michigan 
Email: idong@umich.edu 
 
Dear Mr. Ebong,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $250.00. 
(2) An Allowance of up to $400.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $400.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
A 2 page critique post-conference is required to be submitted with your receipts. Finally, the 
conference is not able to provide any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the University of 
Maine and the National Science Foundation (NSF) for sponsoring your travel. 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 
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Name:  Matthew Gilbert 
University:  University of Illinois 
Email: matthewg@illinois.edu 
 
Dear Prof. Gilbert,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $450.00. 
(2) An Allowance of up to $500.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $800.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
Finally, the conference is not able to provide any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the University of 
Maine and the National Science Foundation (NSF) for sponsoring your travel. 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 



Vortex Lines in Topological Insulator - Superconductor Heterostructures

M. J. Gilbert1,2,3

1Department of Electrical and Computer Engineering, University of Illinois, 1406 W. Green St., Urbana 
IL 61801.

2Micro and Nanotechnology Laboratory, University of Illinois, 1406 W. Green St., Urbana IL 61801.
3Institute for Condensed Matter Theory, University of Illinois, 1110 W. Green St., Urbana IL 61801.

SUMMARY: The ability to precisely find and manipulate non-Abelian anyons has long been sought after 
as a potential means for the realization of robust quantum information processing. The simplest of these 
particles, Majorana fermions, have been predicted to exist in a new class of materials commonly referred 
to as topological insulators when they are coupled with s-wave superconducting contacts. This proposal is 
the focus of intense experimental research whose aim is to prove the existence of Majorana fermions 
trapped at the surface of topological insulators paired with superconductors. Current understanding of the 
problem only considers the gapless surface state Hamiltonian and ignores the properties of the bulk 
topological insulator. If the bulk were a trivial insulator, then this analysis would be appropriate under 
every circumstance, however, it is well known that topological insulators are not inert in the presence of 
thin flux tubes. We will present theoretical investigations into the surface properties of 3D topological 
insulator/superconductor junctions. We will discuss the circumstances where we may consider the surface 
physics alone and when the bulk physics plays an important role.

One of the most recognized potential applications of 3D time-reversal invariant topological insulators [1]
is as a platform for topological quantum computation via non-Abelian anyons (Majorana bound states) [2]. 
The inceptive work of Fu and Kane [3] showed that the surface of a 3D topological insulator, proximity-
coupled to an s-wave superconductor. Most importantly, conventional superconducting vortices in the 
heterostructure will harbor zero-energy states bound in the vortex cores. These zero-energy states have 
Majorana character, non-Abelian exchange statistics, and may be used as qubits in a topological quantum 
computer [2]. Nevertheless, Ref. 3 considers only the gapless surface-state Hamiltonian proximity 
coupled to a superconductor and ignores the properties of the bulk. If the bulk were a trivial insulator it 
would be inert. However, it is known that topological insulators react to the presence of thin flux tubes [4],
the kind which might appear associated with the vortices in which we are interested. In this work we seek 
to understand exactly when it is sufficient to only consider the surface physics, and when one must 
include the bulk physics. We focus on the role of the applied magnetic flux necessary to create a field of 
vortices to be used for quantum computation.

Our model system is a 3D topological insulator with s-wave superconductors covering the top and bottom 
surfaces. We use a a minimal bulk model for a 3D topological insulator consisting of a gapped Dirac 
Hamiltonian and extend the definition of the Hamiltonian to include the superconductive pairing using a 
mean-field Bogoliubov-de Gennes (BdG) description. Two magnetic flux tubes are fed through the 
heterostructure to dynamically generate vortices at the top and bottom surfaces of the s-wave 
superconductors. For simplicity, we assume that the vortices do not interact with one another. Inside of 
the superconductor, the penetrating magnetic field satisfies the London equation near a vortex positioned 
at the origin, 

rrBrB
2
022 . (1) 

Where in Eq. (1), 0 is the phase of the magnetic flux, B(r) is the magnetic field, and is the penetration 
depth.
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Please Complete All Items Below and Provide Details Where Relevant. 

(1) Attendee Information
Name: Matthew Gilbert 
Email Address: matthewg@illinois.edu
Academic Department: ECE University 
Affiliation: University of Illinois  
Research Area of Focus: Condensed Matter Theory / Nanotechnology

(2) Attendee Contribution to the Conference
Title of Presentation: Vortex Lines in Topological Insulator – Superconductor Heterostructures 
Presentation Type (Platform or Poster): Poster  
Name of Session Where Presented: Poster Session on Tuesday 8/30
Brief Description of the Research Presented (100 words or less): 

Majorana fermions have been predicted to exist in topological insulators when they are coupled 
with s-wave superconducting contacts. Current understanding of the problem only considers the 
gapless surface state Hamiltonian and ignores the properties of the bulk topological insulator. If 
the bulk were a trivial insulator, then this analysis would be appropriate under every circumstance. 
However, it is well known that topological insulators are not inert in the presence of thin flux 
tubes. We presented theoretical investigations into the surface properties of 3D topological 
insulator/superconductor junctions.  We demonstrated that Majorana fermions are stable surface 
states in this system under most experimentally realizable conditions.

(3) Attendee Activities at the Conference
Please List the Name of Relevant Sessions that were Attended at the Conference: 

Session IV-C2 - Low-Power Systems 

Session IV-C2 - New System Functionality 

Session II-A - Nanoscale Technologies and Techniques 

Please Identify at Least Two Presentations that were on subjects that: (a) provide new insights 
that will benefit you in your research activities; or (b) that were of personal interest to you, and 
give some specific details on what you learned: 

Eric Pop's discussion of energy dissipation and conversion in nanoscale devices was 
topically relevant to me as I have an active interest in ultra-low power logic.  I find it 
interesting that graphene is a good thermoelectric material but this is representative of most 
materials which are topologically invariant. The connection between thermoelectricity and 
topology is interesting.  Clearly Pop sees weak phonon interactions, but this is a necessary 
yet insufficient piece of the puzzle as to why many thermoelectrics are topological. 
Emanuel Tutuc's work is quite interesting to me.  He seems to feel like proper engineering 
of separated graphene bilayers will lead to a phase transition into an indirectly bound 
exciton condensate at elevated temperatures.  I think this is a nice idea, but impossible to  



achieve due to fermionic screening of the interlayer interaction.  Were this true, it would be 
an amazing device which could revolutionize the semiconductor industry.  However, the 
physics is not there. 

Please Comment on any Special Iterations (e.g., side discussions with other attendees) and 
describe the potential benefit you believe you will derive from this activity: 

Beyond this, I had a great discussion with David Janes about the state of semiconductor nanowire 
research. These nanowires are an interesting playground where Majorana states may be found due to a 
superconductor proximity coupled to the spin split bands of the wire.  They also seem to be great 
sensors, a fact of which I was not completely aware.

(4) Attendee Narrative on Conference Attendance
Please write a 200-400 word narrative that describes how your experiences at the 2009 NANO- 
DDS Conference will benefit your academic training and/or influence your research in the future. 

Attendance at NANO-DDS has been helpful to my academic training and future academic 
goals in two key ways.  I did learn a lot about how different numerical methods are applied to 
system applications such as drug delivery and biology.  Though this is too far afield to be of 
use to me now, it is interesting and I never really understood how to approach biological 
problems.  The main way that this conference was most useful was in terms of extending my 
current research on topological systems.  As I mentioned, there is a strong but unknown 
connection between topological systems and thermoelectricity.  It would seem to me that by 
engineering the Brillouin zone then one could expect to find a greatly enhanced Seebeck 
coefficient.  But this does not get at the heart of the problem.  While I think that graphene is a 
bit over-inflated in terms of usefulness, perhaps this could be appended by adding additional 
chemical compounds onto the surface to change the band structure.  Recent theoretical work 
at the DFT level has shown this to be an interesting direction.  Beyond the interesting 
connection between topologically protected surface states and thermoelectricity, I found the 
experiments of Tutuc interesting.  They do not show any evidence of a Kosterlitz-Thouless 
transition from Fermi liquid to exciton condensate.  This supports a recent theoretical paper I 
wrote in which additional fermionic flavors reduce the strength of the interlayer interactions.  
However, there are experiments which he did not mention that I read after his talk by 
Jiwoong Park which demonstrated that two nanotubes may coupled via some mechanism over 
much larger separations than in Tutuc's experiments.  Clearly there is some interaction taking 
place which is of many-body nature at room temperature it is just not as simple as an 
exchange enhancement. 



Figure 1. Plots of the probability distribution for the lowest energy states corresponding to different 
superconducting penetration depths, , corresponding to: (a) , (b) , (c) , (d) ,
(e) , (f) .  Note that is in units of the lattice constant a and the entire flux is spread out in a
region with a radius roughly ~ 5 . As is increased we see that the states move from being delocalized 
along the flux tube penetrating the bulk of the topological insulator to being pinned at the surface. The 

inset shows the spatial variation of the superconducting mass and the time-reversal breaking mass 
associated with the magnetization as varies.

In Fig. 1, we plot the probability distribution for the lowest energy states corresponding to different 
superconducting penetration depths, 
the superconductor it spreads out in the topological insulator. If is small, as in Fig. 1(a), then the flux 
creates a wormhole through the system destroying the Majorana fermions.  However, if is large, as in 
Fig. 1(f) then we have distinct vortices formed at the interface of the topological insulator and the 
superconductor possessing the desired Majorana characteristics. These results demonstrate that Majorana 
fermion states are robust in topological insulator – superconductor heterostructures so long as the 
superconducting penetration depth is large compared to the thickness of the topological insulator.

This work is supported by the AFOSR.  

REFERENCES

[1] M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010).
[2] C. Nayak, S. H. Simon, A. Stern, M. Friedman and S. Das Sarma, Rev. Mod. Phys. 80, 1083 (2008).
[3] L. Fu and C. L. Kane, Phys. Rev. Lett. 100, 096407 (2008).
[4] G. Rosenberg, H. -M. Guo and M. Franz, Phys. Rev. B 82, 044104 (2010).  
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GRAPHENE-BASED NANO-ANTENNAS FOR ELECTROMAGNETIC 
COMMUNICATION AMONG NANO-DEVICES 

 
Josep Miquel Jornet and Ian F. Akyildiz 

 
Broadband Wireless Networking Laboratory 

School of Electrical and Computer Engineering  
Georgia Institute of Technology, Atlanta, GA 30332 USA 

Email: {jmjornet, ian}@ece.gatech.edu 
 
SUMMARY: Nanotechnology is enabling the development of novel devices in a scale ranging from one 
to a few hundred nanometers, which are able to perform only very simple tasks, such as computing, data 
storing, sensing and actuation. By means of communication, nano-devices will be able to overcome their 
individual limitations and expand their potential applications in several fields. A wireless network of 
nano-devices will be able to cover larger areas, to reach unprecedented locations in a non-invasive way, 
and to perform additional in-network processing and coordinated actuations. Recent advancements in 
graphene-based electronics have opened the door to electromagnetic (EM) communications at the 
nanoscale. In this paper, a novel antenna design based on a metallic Graphene Nanoribbon (GNR), which 
resembles a nano-patch antenna, is investigated. For this, a quantum mechanical framework is first set to 
analyze the transmission line properties of metallic GNRs with multiple conducting energy bands. Then, 
the proposed antenna design is analyzed and evaluated. Numerical results show that, for a maximum 
antenna size in the order of several hundred nanometers (the expected maximum size for an integrated 
nano-device), a nano-patch antenna will be able to radiate EM waves in the Terahertz band (0.1-10.0 
THz). While still not solving the communication problem at the nanoscale, these results motivate a further 
analysis of both, novel nano-antenna structures and propagation models suited for the nanoscale. 
 
INTRODUCTION: Nanotechnology is providing a new set of tools to the engineering community to 
design and manufacture integrated devices just a few hundred of nanometers in size. For example, one of 
the early applications of these nano-devices is in the field of nanosensing. Nanosensors are not just tiny 
sensors, but devices that take advantage of the properties of novel nanomaterials to identify and measure 
new types of events in the nanoscale. Existing nanosensors are not autonomous machines, but require the 
user interaction and external equipment to operate. Communication among nano-devices will expand the 
capabilities and applications of individual machines in terms of complexity and range of operation [1, 2]. 
Wireless networks of nano-devices will boost the range of applications of nanotechnology in the 
biomedical field (e.g., novel health monitoring systems), in environmental research (e.g., distributed air 
pollution control), and in military technology (e.g., Nuclear, Biological and Chemical defenses). 
 
For the time being, the communication alternatives for nano-devices are still very limited. Focusing on 
the electromagnetic (EM) paradigm, there are several drawbacks in the existing silicon-based solutions 
that hamper their direct application in the nanoscale, such as their size, complexity and energy 
consumption [3]. Alternatively, the use of novel nanomaterials to build a new generation of 
nanoelectronic devices can aid the design of novel EM nano-transceivers. Amongst others, graphene, a 
one-atom-thick planar sheet of bonded carbon atoms densely packed in a honeycomb lattice, first 
obtained in 2004 by the Nobel laureates A. K. Geim and K. S. Novoselov [4], is expected to become the 
silicon of the 21st century. From the communication perspective, the electrical and optical properties 
observed in this novel nanomaterial will decide on the specific bandwidth for emission of EM radiation or 
the magnitude of the emitted power for a given input energy, amongst others. 
 
The propagation of EM waves on infinitely large 2D graphene planes has been theoretically analyzed in 
[5, 6], amongst others. However, little research has been conducted on EM propagation in GNRs, which 



is what is mainly needed for the design of a nano-antenna. In [7], the propagation of microwaves on 
GNRs was modeled and measured. The main outcome of this study is that the very large kinetic 
inductance that has been observed in CNTs can be drastically reduced in GNRs by increasing their width. 
As a result, both the contact resistance of GNRs and the surface wave propagation speed can be tuned by 
modifying the dimensions of the GNR. 
 
CONTRIBUTIONS: In this paper, we analyze the performance of our recently proposed graphene-based 
nano-patch antenna [8] (see Fig. 1). In particular, we first develop a quantum mechanical framework 
based on the tight-binding model of graphene in order to obtain the transmission line properties of a loss-
less metallic multi-conducing-band GNR, as functions of the antenna size, ribbon edge geometry, 
temperature and bias voltage. Second, we analyze and model a novel nano-antenna design based on a 
metallic multi-conducting band GNR and resembling a nano-patch antenna. Third, we numerically 
evaluate the performance of this novel nano-antenna and show that, for a maximum antenna size in the 
order of several hundreds of nanometers (the expected maximum size for a nano-machine), this will 
radiate EM waves in the Terahertz band (0.1-10~THz). In addition, our current work on the simulation of 
EM radiation from nano-structures obtained by means of a novel multiphysics simulation tool in order to 
predict the antenna radiation properties both in the near field and in the far field will be presented. 
 

 
Figure 1. Graphene-based nano-patch antenna. 
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communications in the Terahertz Band,” in Proc. of 4th European Conference on Antennas and 
Propagation, EUCAP, April 2010. 
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(NANO-DDS) Conference 

August 29- September 2, 2011 
Brooklyn, NY 

 
 
                  

Name:  Adnan Kapetanovic 
University:  University of Washington 
Email: kapeta@uw.edu 
 
Dear Mr. Kapetanovic,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $250.00. 
(2) An Allowance of up to $500.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $400.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
A 2 page critique is required post-conference to be filed with your receipts. Finally, the 
conference is not able to provide any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the University of 
Maine and the National Science Foundation (NSF) for sponsoring your travel. 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 
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Tukwila WA 98168
USA kapeta@uw.edu
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   Affiliation / University: University of Washington 
   E-Mail: kapeta@uw.edu 
   Phone: 2068543157 
   Fax: 
 
 
 --Billing Information-- 
   Address Line 1: 14035 33rd Avenue South 
   Address Line 2: 
   City: Tukwila 
   State / Province / Region: WASHINGTON 
   Zip / Postal Code: 98168 
 
 
Banquet: Zero Banquet Tickets ($0) 
Conference Package: Student Conference Registration ($250) [Subject to verification] 
Name on Credit Card: Azra Kapetanovic 
Expiration Month: February (2) 
Expiration Year: 2014 
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September 9, 2011 
 
 
 
Dear Dr. Woolard; 
 
I had applied for Travel Assistance to attend the Nano DDS 2011 conference and the committee kindly 
offered a travel support. Due to the inclement weather at the time, I was unable to attend the 
conference. However, my PhD student Mr. Mustafa Karabiyik attended and presented our paper titled "
Sub wavelength Multimode Plasmonic THz Lenses"   in the session of "Session III-A2  Nano-Electronics 
& Nano-optics II".  
 
He is submitting the attached travel assistance form with the receipts for his expenses. I hope that you 
kindly accept his application. 
 
Please do not hesitate to contact with me if you need further information.  
 
Best regards, 
 

 
 
Nezih Pala, PhD  
Assistant Professor  
Electrical & Computer Engineering  
Florida International University  
10555 W Flagler Street. EC 3914  
Miami, FL 33174  
Phone: (305) 348 3016  
Fax: (305) 348 3707 
email: npala@fiu.edu 
 
 
Enc.  
Travel Assistance offer letter for Dr. Nezih Pala 
Travel Assistance Application form by Mr. Mustafa Karabiyik 
Receipts of expenses by Mr. Mustafa Karabiyik 
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Name:  Nezih Pala 
University:  Florida International University 
Email: npala@fiu.edu 
 
Dear Prof. Pala,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $450.00. 
(2) An Allowance of up to $300.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $650.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
A 2 page post-conference critique is also required. Finally, the conference is not able to provide 
any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the University of 
Maine and the National Science Foundation (NSF) for sponsoring your travel. 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 



Lg

LS 

Lg 

LS



Appl. Phys. Lett

Appl. Phys. Lett.







 2011 Nanoelectronic Devices for Defense & Security 
(NANO-DDS) Conference 

August 29- September 2, 2011 
Brooklyn, NY 

 
 
                  

Name:  Andrei Kolmakov 
University:  Southern Illinois University 
Email: akolmakov@physics.siu.edu 
 
 
Authorized Reimbursement: 
 
$884.90 
 
Send Check to: 
 
Andrei Kolmakov 
1245 Lincoln Dr. Neckers 491 
Physics Dept. SIUC 
Carbondale, IL 62901 
 





DESIGNS AND TETS OF THE NANOWIRE BASED ELECTRONIC NOSES:  

FROM NANOWIRE NETWORK TO A SINGLE NANOBELT AS SENSING 

ELEMENTS

Andrei Kolmakov 

Southern Illinois University at Carbondale, Carbondale, Illinois 62901, USA 

SUMMARY: The progress in the development of the nanowire based electronic micro analytical systems 
for chemical sensing  is described. The design evolution of the sensing elements from random nanowire 
network to ultimately small single nanowire is described. The performance and perspectives of such 
devices is analyzed. 

The development of simple, inexpensive, power 
efficient, robust and yet sensitive nanodevices for 
real-time analysis of the ambient gas is currently 
an imperative for homeland security. One of the 
approaches to develop a novel sensing platform 
was based on mimicking the mammalian 
olfactory system, which nowadays is often 
referred to as “electronic nose” (E-nose)[1]. The 
recent nanotechnology advancements allow the 
fabrication of  E-noses in the size domain where 
miniaturization of the “classical” thin film micro 
analytical systems encounters principal 
limitations. Here we describe the evolution of the nanowire based electronic noses. These include the e-
nose systems based distributed nanowire sensors[2], integrated sensors based on nanowire networks[3] 
and finally the simplest and yet fully functioning E-nose made of an individual single-crystal metal oxide 
quasi-1D nanostructure[4]. The designs, fabrication protocols and performance of these three generations 
of NW e-noses has been comparatively described. In particular, in the single NW e-nose the nanostructure 
was indexed with a number of electrodes in a way that each segment of the NW between two electrodes 
defines an individual active element of the sensor array. The required diversity of the sensing elements 
was achieved via tuning the morphology of the nanostructure during its growth. The recognition ability of 
the single nanowire E-nose was enhanced via functionalization of selected segments with Pd catalyst 
and/or through longitudinal temperature gradient. The proposed fabrication protocol represents the 
combined bottom-up/top-down technologically viable route to develop inexpensive, robust, self-powered 
and sensitive analytical systems, which can be scaled down to submicron dimensions.     

REFERENCES 

[1] K. Persaud and G. Dodd, "Analysis of Discrimination Mechanisms in the Mammalian 
Olfactory System Using a Model Nose," Nature, vol. 299, pp. 352-355, 1982. 

[2] V. V. Sysoev, B. K. Button, K. Wepsiec, S. Dmitriev, and A. Kolmakov, "Toward the 
nanoscopic "electronic nose": Hydrogen vs carbon monoxide discrimination with an 



array of individual metal oxide nano- and mesowire sensors," Nano Letters, vol. 6, pp. 
1584-1588, 2006. 

[3] V. V. Sysoev, J. Goschnick, T. Schneider, E. Strelcov, and A. Kolmakov, "A gradient 
microarray electronic nose based on percolating SnO2 nanowire sensing elements," Nano
Letters, vol. 7, pp. 3182-3188, 2007. 

[4] V. V. Sysoev, E. Strelcov, M. Sommer, M. Bruns, I. Kiselev, W. Habicht, S. Kar, L. 
Gregoratti, M. Kiskinova, and A. Kolmakov, "Single-Nanobelt Electronic Nose: 
Engineering and Tests of the Simplest Analytical Element," Acs Nano, vol. 4, pp. 4487-
4494, 2010. 
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DESIGNS AND TETS OF THE NANOWIRE BASED ELECTRONIC NOSES: FROM NANOWIRE NETWORK TO A SINGLE NANOBELT AS SENSING ELEMENTS

Platform

ARCHITECTURE DESIGN FOR SENSOR PLATFORMS

The progress in the development of the nanowire based electronic micro analytical systems for chemical sensing is described. The design evolution
of the sensing elements from random nanowire network to ultimately small single nanowire is described. The performance and perspectives of such
devices is analyzed.

I have presented three talks in ARCHITECTURE DESIGN FOR SENSOR PLATFORMS, MICRO-TO-NANOSCALE CHARACTERIZATION,
BIO-NANO SENSORS and apparently
listened most talks on these sessions. In addition I found interesting to attend few talks which are related to
the research we are doing in my group. Namely in NANO-ELECTRONICS & NANO-OPTICS (talk on ULTRA-LOW POWER
INTERCONNECTS FOR NANOELECTRONICS), in CONTROL OF MATTER AT THE NANOSCALE talk by Babak on SURFACE-DIRECTED
VAPOR-LIQUID-SOLID (SVLS) GROWTH PROCESS: OPPORTUNITIES AND CHALLENGES IN SCALABLE NANOWIRE ASSEMBLIES,
UNCOOLED NANOMETRIC SCALE BOLOMETER SYSTEM FOR THZ SENSOR ARRAY by Aleksander Sesek, EXTREME ULTRAVIOLET
NANOSPECTROMETRY IMAGING FOR SINGLE CELL COMPOSITION MAPPING by Carmen Menoni.

There were many reports which I liked, in particular I was very impressed by the research reported by:
Eric Pop on heat distribution in nanodevices which directly related to our self-heated nanoscopic
chemical sensors. An iteresting talk was on microsphere light traps for SERS. It was very educational to
hear the talk of James Klemic on current status and needs of forensics.



I had very important interactions and side discussion which potentially will evolve in to collaborative
projects or external funds. In particular my conversation with Dr. Klemic from MITRE refined my understanding
where to apply for grants for my "encapsulation" project. With Dr. Babak Nikoobakht (NIST), Prof. Alexander
Sinitskii (U. Nebraska Lincoln) and Prof. Carmen Menoni (Colorado State Uni.) we decided to pursue the
collaborative projects on graphene based electronic nose, epitaxial nanowires based sensors and in situ/in
vivo microscopy of wet samples correspondingly. There were also very educational meetings with Mordechai
Rotschild and Theodore Fedynshyn (MIT) and Prof. Holger Schmidt (Santa Cruz). The latter introduced me to teh
field of modern sinsing with microfluidics where we potentially can contribute with our encapsulation/imaging
technology.

First of all I want to thank the organizers for having me there and partial financial support.
I had an opportunity to expose three of our main research directions to the DDS community.
The conference was well organized and was up to its mission. I met interesting people and established
cooperation which I am sure will result in good research and technology. Unfortunately I was not able to
meet with keynote speakers due to flights delays and cancelation because of weather conditions.
On a critical note I would like to advice (and ready to help) to conduct a better search and selection of
invited speakers. It was a bit strange to see 25 min invited talk on gas sensorics from the person who is
not known in in the gas sensor society. The selection of topics and their partitioning also require some
more work: deep breakthrough research was followed by narrow insignificant contribution.
In spite of these minor drawbacks, this is a nice conference where we participate since 2009 and I wish to
support it by all means.
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Name:  Laurisa London 
Affiliation:  Clark Atlanta University 
Email: laurisalondon@gmail.com 
 
 
Dear Ms. London,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $250.00. 
(2) An Allowance of up to $350.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $650.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above you 
must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-TAF) and all associated 
receipts after attending the conference. It will also be necessary to follow all the instructions that 
are included on the NANO-DDS-11-TAF form in completing and submitting the form and 
substantiating receipts in order to achieve the financial reimbursements. Finally, the conference 
is not able to provide any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the U.S Army 
Research Office for sponsoring your travel. 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 











SYNTHESIS OF AIR-STABLE, UNOXIDIZED, BORON AND ALUMINUM 
NANOPARTICLES USING BALL MILLING TECHNIQUES 

Jesus Paulo L. Perez, Brandon McMahon and Scott L. Anderson 

Department of Chemistry, University of Utah, Salt Lake City, Utah 84112 

SUMMARY:  Boron’s high energy density and clean exhaust make it a prime candidate as a next 
generation energy source. When burned, it generates an amount of energy four times that produced per 
unit volume of gasoline. However, boron’s refractory nature proves to be a hindrance in efficiently 
harvesting this energy. A layer of inert boron oxide immediately forms on its surface once exposed to air.  
Aluminum nanoparticles are also interesting from the perspective of explosives and propellants, but have 
the same problem of delayed ignition from passivation by a native oxide layer.  Here we describe a 
simple, scalable approach to generating large quantities of boron and aluminum nanoparticles by ball 
milling.  By controlling surface chemistry, we are able to produce particles that are unoxidized, but air 
stable under ambient conditions.  Ball milling of amorphous boron powder with oleic acid and liquid 
hexane using tungsten carbide balls and jar yields hydrocarbon and JP fuel-soluble, unoxidized boron 
nanoparticles that are in the 50 – 100 nm range, as characterized by scanning electron microscopy (SEM) 
and dynamic light scattering (DLS).  Surface oxidation states of the functionalized boron were studied by 
X-ray photoelectron spectroscopy (XPS).  The oleic acid forms a passivating layer that prevents oxidation 
of the boron by ambient oxygen. By changing the organic capping agent, it is possible to generate 
particles with dispersibility/solubility in different liquids, including polar solvents or propellant/explosive 
binders, water, and ionic liquid rocket propellants.  Air-stable, unoxidized, soluble/dispersible aluminum 
nanoparticles can also be produced rapidly by milling, although a significantly different approach is 
required, both because aluminum is quite ductile, and because it has very high oxygen affinity.  Results 
demonstrating air stability, as well as ready oxidation when heated, will be presented. 

Figure 1. STEM image of functionalized boron nanoparticles. Red circle was confirmed to be Boron by 
EELS.

20 nm



Figure 2. X-ray photoelectron spectra of Boron nanoparticles with different capping agents 
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The charge is for the "2011 Nanoelectronic Devices for Defense & Security  
(NANO-DDS) Conference" located at the Polytechnic Institute of New York  
University, Brooklyn NY, from Aug 29 - Sept 1, 2011
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 2011 Nanoelectronic Devices for Defense & Security 
(NANO-DDS) Conference 

August 29- September 2, 2011 
Brooklyn, NY 

 
 
                  

Name:  Holger Schmidt 
University:  University of California-Santa Cruz 
Email: hschmidt@soe.ucsc.edu 
 
Dear Prof. Schmidt,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $450.00. 
(2) An Allowance of up to $500.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $500.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements.  
A two page Summary/Critique must accompany the Travel-Assistance Form. Finally, the 
conference is not able to provide any cash advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the University of 
Maine and the National Science Foundation (NSF) for sponsoring your travel. 
 

Best Regards, 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 
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Name:  Sascha Vega-Alvarez 
University:  University of Puerto Rico-Mayaguez 
Email: sascha.vega@upr.edu 
 
 
Dear Sascha Vega-Alvarez,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $250.00. 
(2) An Allowance of up to $750.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $475.00 to cover accommodations in the NYC metro area during the 
week of Aug. 29- Sept. 2, 2011. 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
An abstract must be submitted and a brief post-conference critique must accompany your 
receipts to be eligible for payment. Finally, the conference is not able to provide any cash 
advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the U.S Army 
Research Office for sponsoring your travel. 
 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 
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The charge is for the "2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) Conference" 
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Please direct any billing questions to the conference manager at: 
EMAIL: registration@nano-dds.com; or TEL: 718-260-3986. 
 
REFUND POLICY: 
 
All cancellation requests must be in writing and must contain full contact information - please FAX to Ms. 
Holly Halmo of NYU-Poly (FAX #: 718-269-3896), or email electronic letter (with signature) to 
registration@nano-dds.com. A $50 processing fee will apply to all cancellations. 
 
Refunds are limited to 50% after July 24, 2011. 
 
No Refunds after Aug 1, 2011. 
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Drosophila as an economical test platform for nanomaterial assessment 
 

Sascha Vega-Alvarez1, Adriana Herrera2, Carlos Rinaldi2, Franklin A. Carrero-Martinez1, 3 
 

1Department of Biology, 2Department of Chemical Engineering, 
University of Puerto Rico-Mayagüez, P.O. Box 9000, Mayagüez, Puerto Rico 00681-9000 

3Department of Anatomy and Neuroscience, University of Puerto Rico, Medical Sciences Campus, P.O. 
Box 365067 San Juan, Puerto Rico 00936-5067 

 
As new applications for nanomaterials emerge, there is growing demand for systems that assess 
both their applications and implications. It is desirable that these biological platforms inform 
whether nanomaterials are safe from an environmental, health, and safety standpoint. However, 
taking these issues into consideration early in the R&D process could inform and/or guide 
rational design strategies. This information is essential for future integration with sensor systems 
querying biological processes. Screenings in living organisms have been limited by economical 
considerations. Here we validate Drosophila as a test platform for nanomaterial testing in a 
developmental context (Fig. 1) and establish two interaction routes. First, a tissue-specific 
targeted assay that takes full advantage of single identifiable cells in Drosophila and in which we 
microtransfer nanoparticles into developing stage 15 embryos at the A5/A6 intersegmental 
boundary. Light microscopy shows that following stereotypical microimplantation, colloidally 

unstable nanoparticles aggregate 
towards the visceral musculature near 
the injection site and result in higher 
mortality rates. In contrast, colloidally 
stable nanoparticles exhibit lower 
affinity for visceral tissue and 
resulted in lower mortality rates. 
Second, a passive targeting assay is 
introduced to assess nanoparticles 
ability to cross biological barriers in 
both embryos and larvae. Our 
experiments show that nanoparticles 
are transported across embryonic 
membranes and have a strong 
tendency to aggregate around the 
visceral musculature. These 
experiments demonstrate Drosophila 
as a suitable low cost model in a 
system amenable to imaging and 
high-throughput screenings. 
Furthermore, the volumes of 
nanomaterial required are orders of 

magnitude smaller when compared to other model organisms for in vivo analysis. 
 

Figure 1: Drosophila life cycle. 
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Dear Prof. Wang,           
 
The organizers of the 2011 Nanoelectronic Devices for Defense & Security (NANO-DDS) 
Conference are pleased to be able to offer you support for attending the 2011 NANO-DDS 
Conference during the week of Aug. 29- Sept. 2, 2011 in Brooklyn, NY. Specifically, you will be 
allowed the following Attendee-Assistance support: 
 
(1) Reimbursement of the Full Conference Registration Fee of $450.00. 
(2) An Allowance of up to $300.00 to cover Travel to/from the Conference. 
(3) An Allowance of up to $350.00 to cover (2) nights accommodations in the NYC metro area 
during the week of Aug. 29- Sept. 2, 2011. 
 
IMPORTANT NOTE: To obtain the financial reimbursements listed in (1) (2) and (3) above the 
Conference Attendee must submit the attached Travel-Assistance Form (i.e., NANO-DDS-11-
TAF) and all associated receipts after attending the conference. It will also be necessary to 
follow all the instructions that are included on the NANO-DDS-11-TAF form in completing and 
submitting the form and substantiating receipts in order to achieve the financial reimbursements. 
An abstract must be submitted and a brief post-conference critique must accompany your 
receipts to be eligible for payment. Finally, the conference is not able to provide any cash 
advances before the conference dates. 
 
The organizers of the 2011 NANO-DDS Conference would like to recognize the U.S Army 
Research Office for sponsoring your travel. 
 
 

Best Regards 
 
 

 
Dr. Greg Recine 
2011 NANO-DDS  
Conference Manager 
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