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Science, Engineering & Open Source
(a personal view)

Academia:
sEducation
*Science & Engineering
«Collegially competitive

Industry:

eReturn on Investment
*Products & Growth
*Brutally competitive

Nano: Expensive resources, specialized knowledge, interdisciplinary & skilled people

Open Source addresses each one of the issues by sharing
resources and knowledge and by helping develop the ideas and the
NNIN people that make the science to society succeed
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NNIN as an Open Distributed Support Network

Map of zip codes of experimental research users
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NNIN User

Network Users by Discipline - 3/2006 - 2/2007

4390 total users

Process Other research
Geo/Earth Science 6% 3%
1%

Electronics
14%

Medicine
2%
Life Sciences

8% Optics
10%

Chemistry
8%

Physics
10%

22%

Research Users Only
MEMS

16%

4600 publications in June-May period
~5000 research users/year
4000 graduate students
(1200 PhDsl/year)
600+ industrial users
250+ companies
NNIN
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Materials

Community

Small Companies: 254 (Current Year Profile)
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Industry
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Network-Based Research: MRS Bulletin
(Invited Publications)

Functional Nanowires
(Feb. 2007)
Edited & Articles from

Density Functional Theory in
Materials Research

NNIN users (Sep. 2006)
Laser Direct Write Ultrafast Lasers in Materials Materials for Magnetic Storage
Processing Research (May 2006)
(Jan. 2007) (Aug. 2006) Articles from NNIN users
Articles from NNIN users MEE

SULLETI

Materials Informatics

(Dec. 2006) BioMembrane Materials
Science
(July 2006)

Articles from NNIN users

Materials Informatics
(Sep. 2006)
Articles from NNIN USersS  msroskctnics

Materials for Optical Storage
(Apr. 2006)

E
!

| {1
il

Macroelectronics
(June 2006)
Articles from NNIN users

Thermoelectric Materials and Applications
(Mar. 2006)
Articles from NNIN users

o #® g | Hydrogen Purification
oz @2" |l (Oct. 2006)

/ Articles from NNIN users

NNIN During 2006, 8/12 of issues of MRS Bulletin had strong NNIN
bl enabled research contributions
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Academic: Applied Physics Letters (2006)
(Cover Graphics from Articles)

!!!!!!! 850 855 A{nm)

Microcontact Insertion Printing ., Evneset—Coup eo Temperature Strain Phase Diagram
T. J. Mullen et al. Semiconductor Lasers of BaTiO. thin films
APL 90, 063114 (2007) A. Khalili et al. Y L Lietal

APL 89, 041105 (2006) APL 88, 072905 (2006)

Nanospherical Silicon Particles

Tomography ; -T'
A. Yertsever et al. Gas Sensors Using Tungsten Oxie T\ S
APL 89, 151920 (2006) iDszTiﬁv;/zltrleetwork T Junction Trap for lon
' ' Shuttling
_ APL 88, 203101 (2006) W. K. Hensinger et al.
In 2006, 6/52 issues of APL featured APL 88, 034101 (2006)

ﬁﬁ’” NNIN serviced research on its cover
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NNIN Openness

Open Culture

® External user focus

User training, open access to equipment and knowledge of the lab
Staff support

Remote usage

Interdisciplinary: between disciplines and between theory and
experiments

IP ownership with the user

Extensive web-based resources for training, use and education
from anywhere

® Hands-on workshops

WWAININLONG



Sampling of Supported NNIN
Computational Codes

Materials Science

Chemistry I

Physics I

ANEBA (Adaptive Nudged
Elastic Band Approach).

CPMD (carr-Parrinello Molecular Dynamics code) . _
ADbinit (Plane Wave Pseudopotential

First Principles Code)

NWChem (computational chemistry)
PWSCF (Plane Wave Self-Consistent Field Code)

HARES (High performance
Adaptive grid Real space

Electronic Structure)

LM Suite (Linear Muffin Orbital Software)

Nanostructures I
SEMC-2D (schradinger Equation Monte-Carlo).

PARSEC (Pseudopotential Algorithms
for Real Space Energy Calculations)

EDIP (Environment Dependent Interatomic Potential)

SIESTA (Spanish Initiative for Electronic
Simulations with Thousands of Atoms

4 SETE (Single Electron Tunneling Elements)

UTQUANT (quasi-static CV simulator

for 1D silicon MOS structures)

MIT Photonic Bands

Electronics/Photonics I




Experiment-Theory Coupling (a set of examples)
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Photonic Bands code of MIT coupled to Genetic
Algorithm to evolve a structural form for coupling
specific frequencies intensely at nano-micro
interface. Fabricated structure followed theory
closely.

NNIN a Gondarenko et al., PRL (2006)
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Very shallow excited states in small quantum
dot produce side-peaks on Kondo resonance.

Sample geometry coupled through Adobe
Photoshop for realistic simulation and with
code developed elsewhere

Simulations show significance of cooling in the
presence of gate bias and Kondo nature of
conductance stripes verified with thermal
studies.

A. Vidan et al.,PRL (2006)
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Hands-on Short Courses

® [ntense and rigorous
hands-on introduction to science and
technology required to undertake research
INn nanoscience area
® Technology and Characterization
¢ Three days
® Lectures in the morning

“ Laboratory demonstrations in
the afternoon

¢ 40-60 participants/event
® Large Universities
® Smaller Universities
® Small and Large Companies
" Government Labs

NNIN conducts >15 large and rigorous multi-day
workshops per year which reach out to technical
community that would otherwise not have such an open

access opportunity
NNIN

MaNOHCale SCEnNce,
Engineering & Technology
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Cross-Disciplinary Workshops in Computation

Modeling the Nannscale World

NNIN,/C Conference
NNINICNF Fall Wis = = & soes 0= o=
& L Mgy vt v sk Tt R T = 0,

Synergy Between
W, cnr.cm-n";ﬁ“"_’_’_"_“___“’:”““”“ ST T o Experiment and Computation
Overview: The nancscale e mitas s % : in Nanoscale Science eg

Important arena where sclen
canvarge 1o slidy sy :':-'- & 1h Building Nanostructures Bit by Bit MQY 31 - June 3' 2004
st N e e Harvard University, Cambridge, MA

I ih AnDECa e Wl £ Dclobin 33-25m, 3008

Confersnce Topice:

Call for Papars

h-
http Iiveww.cnf.cornell.edu/enf_fallworkshop2007.html

. A ¥ m m Tac] W ! Ry ol (ﬂ nflrrntd Speoiers:
Overview: While nanoscale research and geology at first Workshc F Tc e e Lok ki _.p_e.. Ny dograray ol ki

glance deal with vastly different time and length scales, several

y 9 Jee. 1 Y 7y 2 Organloors:
areas exist where nanoscale research can have profound impacts Current Needs in Geology at Small Scales - E' ST

on geologic questions. Density functional approaches provide *Can MEMS lelp diamond anuvil systems? (William Bassett, Cornell) o S, T
crucial tools for predicting high pressure crystals beneath the *Current computational needs in geology (Jason Phipps-Morgan,

Earth's crust. Fluid transport through porous rock can also benefit Cornell) Contach

from tools used in microfluidics. While biomineralization creates T e

macroscale structures like shells and coral, the nanoscale process First Principles modeling of materials in the Earth's Core e

that proteins use to create large inorganic structures is largely * Determiining high pressure erystal structures (Richard Hevnig,

unknown Cornell)

* Material phonon dispersions and seismology (Derek Stewvart, Cormell)

Format: mis workshop will highlight these issues and also e o

exhibit nanoscale computational tools that can propel the next """“"mr‘ﬂu‘“"_1“ S o . o

generation of geology researchers. The morning sessions will *Molecular dymamics for Womineralization {John fﬁrnim‘q. Uurwnut_l,r ./ f u rvqr

consist of a series of lectures from leaders in the field who will of Sheffield) & 5 %

discuss current issues and approaches available. Afternoon *An experimental perspective on biontineralization (Lara Estroff.
sessions will provide hands-on sessions where participants work Cornell)
directly with these codes

rz Geology and nanoscience: Cornell 11/2007
= Building the nanoscale World Bit by Bit: Cornell 11/2006

gr aduate and

ez becks Synergy between experiment and computation in nanoscale science:
Harvard 05/2006
NNIN Modeling the nanoscale world: Cornell 11/2005

NANOSCae SCenNce,
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NNIN Impact

Research & Graduate Development Commercialization, Job C
4000/year Graduate Students Economic Growth
>1200 PhD awards/year >250 Compagd

Advanced Technical Training and

Human Resource Development
> 750 research workshop
attendees/year

s at >200 activities

les Enabled Across Technology Fields

ming research & development (2007)
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