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Topics to be addressed

# R&D themes and potential impact
& Science and engineering research priorities
# International perspective

® Activities of the IWGN/NSET.
MNI concept, approval PCAST, OMB, Congress

# “Nanoscale Science and Engineering”
FY 2001 solicitation
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HISTORY - NNI Timeline

& November 1998 Nanotechnology Group (bottom-up)
# September 1998 N5STC establishes WGN

& January 1989 Workshop on research priorities
& March 1555 OSTRICT presentation on NMNI

& May-June 1333 Congress hearings

&  July-Sept, 1888 Three background publications

& August 1888 First draft of the WGN Plan

- Oct -Nov. 1999 PCAST Nanotech Panel Review
- December 1533 PCAST Full Committee Consent
- December 1988 OMB Review

- January 2000 O5TP and WH Approval

- February 2000 WH Release of NNI Imtmllw

M < Eomo, HEF



Arrays of Quantum Dots

Sell-assembled Germanium pyramid Mi-alloy evaporated I:Ijlfﬂr'l'-ﬂ
Size 10 nm (1999) Size 30 nm {1869)
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Integration of New Nanodevices in Systems
GOALI progect (first in 1993), UCLA and HP

Molecular logie:
swilehes (size ~ 1 nm)
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Nanobiomotors (Camett U, © Montemaguo
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Neal Lane
Testimony in Congress on April 1, 1998

“If | were asked for an area of science and
engineering that will most likely produce the
breakthroughs of tomorrow, | would point to
nanoscale science and engineering often
called simply "nanotechnoclogy”; . .. only
recently have scientists been able glimpse
Feynman's vision by creating rudimentary
nanostructures.”
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Examples of Nanotechnology Applications

#» Gilant magnetoresistance in magnetic storage
applications

# Nanostructured catalysts

# Drug delivery systems

# Nanocomposites: nanoparticle reinforced polymers
® Two examples of nanoelectronic devices

# LED lightning breakthroughs from nanotechnology
@ Mational security: Bio detection

# Water purification and desalinization

NN Repart, Feb, 2000



Nanotechnology in the world
Comparison for industrialized countries

Estimated government sponsored B&D in § millions'year

1587 2000 2001
W.Eurape 126 184
Japan 120 245
UEA 118 270 423
Total 362 G2d
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Nanoscale E::l;c‘;:E‘:‘n"g‘i:;;r‘i;gh;;E Technology
(NSET)

Chair: M.C. Rooo, N5F ; Evecutive Secredany: J Morday, NRCTO

& IWGN established in August 1938, proposed and planned
MMl in 1933, it has become a top priority of WH in 2000

& August 2000: NSTC (WH) has established NSET

— Goaf: M implementation, facilitate interagency collaboraton for
nancscale RED including MM, develop vision for nancéechnology, ident#fy
prowide a Tramewark for establishing Tederal BED prionties and budget

— Paricipants: DOC DOD, DOE, DOT, EPA, MASA, NIH and NSF,
since 1000 US0DE, DOy, DOTREAS, DOS (observer) open to others

— Expecired outcomes: Development of the fiekd; Collaboratons:;
Fricntization of RA0 themes; Balanced infrastructure; Budget requests
Irmsesirment sirabegy.

# Forcurrent fechnical and administrative support of NSET:
Hational Hanctechnology Cooardination Cifice
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2001

Eequest by the Prosident - $495 million  (see nano_gov)

# Fundamental Research - 3170 million (MN5F: $122 mulbon)
Provides sustained support bo individual investigators and small
groups deing fundamental, inbovative rescarch

# Grand Challenges - $140 million  ($12h)

for research on major, bong-term objectives

e Centers and Networks of Excellence - 577 million {337h)
for interdiseiplinary research, networking, imdustry partnerships

# Research Infrastructure - $80 million ($24.7M:)

metrology, mstrumentation, modeling amulaton, user facihnes

# Sociefal Implications and
Workforce Education and Training - $28 million (£21M)
for a new generation of skilked workers; the mpact of
nanotechnology on society (legal, ethical. soeial, economic)
H R, FE, 1 L)




Nanotechnology R&D Funding by Agency
(FY 2001 budget enacted by Congress)

Fy" 20000 (5P Fy 2000 (S8 B Irwrevase
Mational Scicnce Foundation ST S150K1 i
D partment of Defense S7001 S11001 57%
D partnicnt off Energy EREM SOTAA [T e
MASA S50 S21M 2
n'r[urh'm‘il of Commeroe S50 S10M DR
Mativnal Instibules of Health SI20d S30R] 2%
LCxl Al S2T0M 12 M 5794
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Grand Challenges

# Nanostructured materials "by design™ - stronger,
lighter, harder, self-repairing, and safer

# Nanoelectronics, optoelectronics and magnetics
# Advanced healthcare, therapeutics and diagnostics

# Nanoscale processes for environmental improvemeant
# Efficient energy conversion and storage
# Microcraft space exploration and industrialization

# Bio-nanosensors for communicable disease and
biological threat detection

» Application to economical and safe transportation
@ National security NNT Repart, Feb, 2006



@\ IWGN Publications
o RN (see nano.gov)

® National Nanotechnology Inmafive -

Leading ro the Next Industrial Revedution
Supplement to the President's FY 2000 Budger, 2/2000
& Nanatechnology - Shaping the World Atom by Atom
Broclaire for the public
® Nanostructure Science and Technology
Worldwide study
#& Nanatechnolegy Research Directions
Fisicm ler the future
& 15 supporting publications/proceedings by agencies for

- apecifie scientific topics (medeling, selfassembling, macromaolecules)

« technologscal 1ssues (synthess, processmg, nanofabricabion))
- arear of velevancs (eneipy, epace, biomadusine, otech, others)

MLH i, B, 11508



Sampling the Programs at NSF

Mainly sead funds:
# Synthesis and Processing of Nanoparticles (since 1991)
# MNational Nanofabrication User Network (since 1994)

# Nanoscale Instrumentation (1335)
Larger investments:

# Functional Nanostructures (1398)

# Biotechnology at Nanoscale (1335 / 00, exploratory),
Manoscale Modeling and Simulation; Centers; (2000)

# STTR& SBIR Sclicitations on Nanotechnology (1988 /00)

M.C Fics, RSP



Nanoscale Science and Ennﬁineering
MNSF areas of focus in FY 2

# Nano-Biotechnology

# New Phenomena and Structures, Quantum Control

# Integration at the Nanoscale; Systems and Architectures

# Interfaces in Environment at Nanoscale

# Nanoscale Theory, Maodeling and Simulations

# Education and Society Implications

H R, F, i L)
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NANOSCALE SCIENCE AND
ENGINEERING (NSF 00-119)

@& Part of the National Nanotechnology Initiative
& N3F-wide solicitation
@ Six science and engineering research themes
& Three modes of support:

interdisciplinary teams

nanoscale science and engineering centers

exploratory research

H R, FE, i L)




NSE Program Goal

® Support research in emerging areas of nanoscale
science and technology, including:
biosystems at nanocscale levels
nancscale structures, novel phenomena, quantum control

device and system architecture; design fools and
nanocsystems specific software

nancscale processes in the environment
multi-scale, multi-phenomena modeling and simulation
studies on societal implications of NSE, education and
training

# Support collaborative rescarch amd educational activitics

that have less chance of suceess 1n exiting programs
H R, FE, i L)



Six NSE Research and Education Themes

® Biosystems al the Nanoscale

Supports the development of a fundamental understanding of
nanobicstructures and esses, nanchiotechnology; and
fundamental concepts for novel technigues for a broad range of
applications in biomaterials, biosystem-based electronics,
agriculture, energy, and health,

® Nanoscale Structures, Novel Phehomena,
Quantum Control

Explores the novel phenomena and material structures that appear
at the nanoscale, Critical to overcoming obstacles to minaturization
as feature sizes in devices reach the nanoscale., Also refers to

of the experimental tools necessary to characterize
and measure nanostructures and phenomena, and development of
techniques for synthesis and design.



Six NSE Research Themes (cont)

# Nahoscale Devices and System Architecture

New concepts and design methodologies needed to create new
nanoscale devices, synthesize nanosystems and their integration
into architectures for various operational environments. Requires
an understanding of the physical, chemical and biclogical
interactions among nanescale companents.

® Manoscale Processes in the Environment

Research will focus on prabing nanostructunes and processes of
Lmbepivire aut eyord. Eplvisie i e o dnderstandin the

re an : asis wi onu ing
distribution, composition, orgin, and behavior of nanoscale
structures under a wide variety of naturally occurring
physical/ichemical conditions.



Six NSE Research Themes (cont)

o Multi-scale, Multi-phenomena Theory, Modeling and
Simulation at the Nanoscale
The emergence of new behaviors and processes in nanostructures,
nanodevices and nanosystems creates an urgent need for theary,
mcdeling, large-Scale compubter sirmulation and mew design 1ooks In
order 1o understand, control and accelerate development in niew
nanoscale regimes and systens.

® Soclelal and Education Implications of Scientific and
Technological Advances on the Nanoscale

Studies might include: economic assessmants and business models
for nanoscale development and use; knowledge barriers preventing
the ad n of nanctech by commercial firms; educational
needs: life cycle assesament of manufacturing processes; the athical
and kegal mmifications of nanctechnology in health, medicine, law,
and the environment.



Current Announcements for NNI FY 2001

(see httpylfnano.gov)

# N5F. Nanoscale Scence and Enginesring [(NSE)
for interdisciplinary team resaarch, centers and
exploratory research - solicitation $74M (of total 3217TM)
wwwe.nsf goninana

& DOD: Defense University Research Initiatives on

ManoTechnology [DURINT):
for research projects and equipment - planned $23M

et onir nEny, milfec_techispecialidurint/durimtiibaa, him

# DARPA: Simulation of Bio-Molecular Systems
for RED projects; Solicitation 01-07, due on January 12

& NASA: from NASA labs
# Dther agencies [DOE, NIH, NIST) - pending

H R, FF, 1 L)
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