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NANOSCALE SCIENCE AND ENGINEERING (NSE) at NSF

M.C. Roco
Senior Advisor for Nanotechnology, NSF

Subcommittee on Nanoscience, Engineering and Technology (NSET),
National Science and Technology Council (NSTC)

> Outcomes at 5 years of NNI (2001-2005)
> The NSE and NSEE program solicitations
> The national and international context

NSE Grantees Meeting, December 12, 2005

IWGN Report:
: Nanotechnology Nanostructure
| Definition on www.nano.gov/omb (2000) S&T
%7 Kluwer, 1999

® Working at the atomic, molecular and supramolecular
levels, in the length scale of approximately 1 — 100 nm
range, in order to understand, create and use materials,
devices and systems with fundamentally new properties
and functions because of their small structure

» NNI definition encourages new contributions that were
not possible before.

- novel phenomena, properties and functions at nanoscale,
which are nonscalable outside of the nm domain

- the ability to measure / control / manipulate matter at the
nanoscale in order to change those properties and functions

- integration along length scales, and fields of application

MC Roco, 12/12/05
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Timeline for beginning of industrial prototyping and
nanotechnology commercialization: Four Generations

1st:  Passive nanostructures (1%t generation products)
Ex: coatings, nanoparticles, nanostructured metals, polymers, ceramics
> _————

4t: Molecular nanosystems
Ex: molecular devices ‘by design’,

~ 2010

~ 2000 2nd: Active nanostructures Ex: 3D transistors, “
amplifiers, targeted drugs, actuators, adaptive structures >
3
gl
~ 2005 3r: Systems of nanosystems <
Ex: guided assembling; 3D networking and new e
hierarchical architectures, robotics, evolutionary %
g
=
[«B}
Z

atomic design, emerging functions>

~ 2015-
2020 AIChE Journal, 2004, Vol. 50 (5), M. Roco

Worldwide market incorporating
nanotechnology. Estimation made in 2000 (NSF)

10000

Annual rate of increase about 25%
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NT in the main stream

About 800,000 workers Total $B
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T @® LuxResearch
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MARKET INCORPCRATING
NANOTECHNOLOGY ($B)

10 1 US: 80% public — know little/nothing about NT
About 50,000 workers in a NT area

2000 2005 2010 2015 2020

YEAR
Systems of NS

+—{ Active nanostructures |
+—1 Passive nanostructures |
Rudimentary — ----oooo » Complex

MC. Roco, 12/12/05
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NNI FY 2006 Budget Request
Total = $1,054 million (without Congressional adds-on)

EPA USDA

NASA
NIST

DHS & DOJ

MC. Roco, 12/12/05

NSF - a pioneer at the international level

in Nanoscale Science and Engineering (NSE)
www.nsf.gov/nano or link from www.nano.gov

FY 2005: ~ 1/4 of Federal and 1/12 of World Investment

- Fundamental research: Biotechnology, Novel nanostructures
and phenomena, Device and system architecture, Beyond CMOS,
Environmental Processes, Multiscale modeling, Nanomanufacturing;
Societal implications and Improving human performance (8 themes)

- Establishing the infrastructure: over 3,000 active projects;
23 large centers, 2 user facilities (NNIN, NCN), multidisciplinary teams

- Training and education - 10,000 students and teachers

Fiscal Year NSF Law 03 °1
2000 $97M 350
2001 $150M 300
2002 $199M 233? = NSE ($M)
2003 $221M 150 O Congr. Bill
2004  $254M 100]
2005  $338M $384M o

R : 2006 $344 M $412M 2 2002 2004 2006 MC Roco, 12/12/05
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@ Nanoscale Science and Engineering
By program (FY 2001 - FY 2005)

The,
A, Jon®

* 8
Unpntt

e FY 2001-2005 budget: $1,162M, of which
$368M for solicitations ($344M for NSE & $24M for NSEE)

e Outcomes of the NSE solicitation
(8 research themes, 3 modes of support)
4083 proposals (with submission limits), 647 awards,
- Nanoscale Interdisciplinary Research Teams

259 awards ($61.5M) (2128 proposals, Limit 4 / university)

- Nanoscale Science and Engineering Centers |
16 centers for 5 yr (205 proposals, 1 / university)

- Nanoscale Exploratork/AResearch o ]
373 awards ($7.9M) (1813 proposals, Limit 2 / univ.)

Success rate NSE (awards / proposals):
- No. proposals: NIRT — 12%, NSEC — 8%, NER — 20%
(< NSF success rate despite of limitation # proposals / university)

MC. Roco, 12/12/05

Success rates is lower for nanotechnology proposals:
Example for NIRT (interdisciplinary teams), NSF, FY 2005

e Received 521 proposals
With limit of 4 proposals per university

e 116 highly recommended for funding by the panels

e 49 awards - $61.5 million
(funding requested in proposals is about $900 million)

Success rates:
Awarded amount / Requested funds — 7%
Number awards/ Number proposals - 9.4 %

Note: Smaller success rate than NSF average (about 25%)
despite of limitation applied to # NIRT proposals per
university

MC Roco, 12/12/09)
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National Nanotechnology Initiative
activities at NSF in FY 2006

The budget Request to Congress: $344M

e Program solicitations (about $44M, about 1/8)
- Active Nanostructures and Nanosystems (ENG and SBE) $42M
- Nanotechnology Undergraduate Education (ENG and EHR) $3M

e Support in the core program ($300M, about 7/8)
with focus on single investigator & other core

Various research and education programs in all directorates
Interdisciplinary fellowships; STC, MRSEC and ERC centers
Instrumentation (REG, MRI); Collaboration industry (GOALI, PFI)
Network for Computational Nanotechnology ($2.8M/yr)

National Nanotechnology Infrastructure Network ($14M/yr)
Nanoscale Informal Science and Education (NSF 03-511)
Interagency collaborations: Manufacturing, Societal Implic., EHS

e SBIR/STTR (additional ~ $14M/year)

MC. Roco, 12/12/05

NSF Program Changes in FY 2006

Increased investments will be dedicated to research and education on:

e Active nanostructures and nanosystems, and molecular nanosystems.
Research on nanoscale devices and system architecture, and their
respective fabrication, will be emphasized

e New tools for understanding and controlling assembling of materials
and their emerging properties at the nanoscale

e Converging science, engineering and technology from the nanoscale,
and f|n particular at the nano-biology interface and nano-information
interface

e Long-term societal implications of nanotechnology in society, and
public interaction

o Earlier educational programs and teaching materials, including for K-12

e Expand partnerships of academic researchers with industry, medical
facilities and states through two programs, “Grand Opportunities for
Academic Liaison with Industry” and “Partnerships for Innovation”

MC. Roco, 12/12/05
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Active Nanostructures and Nanodevices
(FY 2006, NSF 05-610, deadline: November 29, 2005)

HAy,
A, Jon®

5

e FY 2006: $42M, approx. 70 awards (30 NIRT, 40 NER)
e Four research and education themes

- fundamental nanoscale phenomena and processes in active nanostructures

- nanosystems with improved functionality and new architectures

- hierarchical nanomanufacturing

- long-term societal and educational implications of scientific and
technological advances on the nanoscale

e Two modes of support
- Nanoscale Interdisciplinary Research Teams
Award size: $1.0-1.6 M
Limit 3 proposals / university

- Nanoscale Exploratory Research
Award size: $130,000
Limit 2 proposals / univ. + 1 for societal dimensions

MC. Roco, 12/12/05

L.
Pl

“5 NSF Program Emphasis in FY 2007

Illl:’
A, Jon®

Increased investments will be dedicated to research and education on:

e Increased focus on complex large nanosystems. Research on
nanoscale devices and system architecture, dynamic and emerging
behavior, and their respective fabrication, will be emphasized

e Increased focused on three-dimensional measurements of domains of
engineering relevance with good time resolution

e Converging science, engineering and technology from the nanoscale, by
integrating  nanosystems into _applications (in  manufacturing,
information systems, medicine, environment, etc.)

e Expanded joint research program addressing potential implications of
nanotechnology with NIOSH, EPA and FDA, USDA and NIST

e Earlier educational programs and teaching materials, including for K-12,
by using remote access to NSF educational networks (NU, NISE, NNIN)

e Expand partnerships of academic researchers with industry, medical
facilities and states through two programs (GOALI, PFI?, using the
CBAN (Collaborative Board for Advancing Nanotechnology

MC. Roco, 12/12/05
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Percentage of NSE Grants/Patents
(searched by keywords)

2004:The Percentage of High Impact journal articles searched by keywords: 5.6%

Percentage of NSE Patents and Grants
12.00%
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0 —e—New Grant Percentage
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MC Roco, 11/08/09)

Number of citations of Nanoscale Science and

Engineering patents
(analysis NSF sponsored research and USPTO patents)

95% Cls based on pooled StDevo 1 @ 3 4 5 6 7 8 9 1n 12

Group N Mean StDev Lower Upper ’
NSF 307 10.04 236 8.731 11.349 ——
IBM 2756 4.86 15.7 4423 5.297 =l
Topl0 6650 5.63 22.38 5.349 5911 -
uc 894 5.47 29.59 4.703 6.237 ——
us 78221 2.54 12.29 2.458 2.622 L]
EntireSet 108378 2.01 10.94 1.940 2.080 L
Japan 14837 0.8 7.89 0.612 0.988 Ld
European 9560 0.5 4.99 0.265 0.735 gl
Others 6385 0.68 6.64 0.393 0.967 gl

Pooled StDev = 11.70

NSF Principal Investigator's patents had significantly higher number of cites
measure than most other comparison groups. It shows the relevance of
fundamental research for nanotechnology development.

(from J. Nanoparticle Research, 2005, Issue 3)
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NSE content map analysis
grant - patent topic association

NSE Grant Content Map (2001-2002) NSE Patent Content Map (2001-2002)

alol =/ (TS

Topic Map

N . = N . = — |
S5 204 148 SR o5 810 am orm 143 a5 108 -3 el Lo an ox asr '

Region color indicates the relative growth rate (red — highest rate)
(source: NSF sponsored research) MC Roco, 12/12/05

NSE content map analysis
grant - patent topic association

NSE Grant Content Map (2003-2004) NSE Patent Content Map (2003-2004)

Region color indicates the relative growth rate (red — highest rate)
(source: NSF sponsored research) MC Roco, 11/08/05
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Example:

Synthesis and control of nanomachines
(examples NSE in 2004, www.nseresearch.org - 250 projects)

0 Self-assembly processing of nanoscale
bio-materials and devices for micromachines
components (UCSB)

0 Chemistry to synthesize components of
nano machines to work on surfaces and be
activated by external electromagnetic fields (UCB)

0 Light driven molecular motors (U. Nevada)

0 Combinatorial engineering of nanomachines,
with application to membranes and filters (U. Penn.)

2 Nanoengineering surfaces for probing viral adhesion
(UC Davis)

MC. Roco, 12/12/05

Example: NanoBio-Bar-Code Assay,
Chad Mirkin (NU and spin-off Nanosphere, Inc.)

1. One million times more
sensitive than previous
technology

2. Evaluate new
biomarkers for

l

ofEara:oue'DNAfw;“t‘:;eguud nanopamr::r: di agnosing and
2@4%;&;55 following human
& e e 5; diseases (e.g. HIV and
vy Alzheimer’s Disease).
rf‘giimhzl

3. Single-cell protein
1000s of bar-code DNA strands : i
foc sveiy BSA Mo & expression experiments.

4. In advance clinical
testing

Fast and accurate detection
with a DNA detection device

Page 9



Designing molecules for hierarchical selfassembling
EX: SAMUEL |. STUPP, Northwestern University

Application: biomaterials for human repair, reactive filters, others

MC Roco, 12/12/05

Example: Neuro-vascular Central Nervous Recording/

Stimulating System: Using Nanotechnology Probes
R.R. Llinds, NYU School of Medicine
I. Hunter, MIT, Bioengineering

Nanostructured polymeric wires,
Conducting biocompatible,
biodegradable and with guidance

~ 134 am

PF6 Ions

g - X

Several goals:

- neuro-to-neuron interaction

- simultaneous multiple probes
for describing the system

- treatment Parkinson disease

M.C. Roco, 12/12/0!

J. Nanoparticle Research, 2005, Issue 2
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Microbes and higher organisms direct the formation of
complex structures in controlled biomineralization

Biologically-mediated crystallization
of inorganic ions produces
nanophase structures as single
crystals and composites with
remarkable properties that fulfill
specific functional needs

The abundance of biominerals in the
rock record, and water column of
modern oceans and sediments
chronicle intertwined roles of biota
and Earth history.

Recent advances offer opportunities
to decipher mechanisms by linking
molecular interactions to surface
processes and nanoscale controls
on crystal morphology Nano in GEO/NSF

Angstrom Medica’s
nanostructured calcium phosphate technology
for bone-based orthopedic implants

NanOss™ Calcium Phosphate Nanocrystals
Ca,,(PO,)s(OH), and Ca,(PO,),

Composition and morphology of bone
Enhanced bioactivity and strength

Bone bonding in 2 weeks and
osteointegration in 4 weeks
because the nanostructure closely
match that found in human bone

Angstrom Medica received SBIR in 2003 (NSF-0232733) and 2004 (NSF-0349884)

The product received "marketing clearance* from FDA in 2005

MC. Roco, 12/12/09
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4-YearTotal Amount

States with ACTIVE NSF-Supported NNI Research Awards
Totaling $10 million or more during FY 2001-2004

$250,000,000

$200,000,000 M

$150,000,000

$100,000,000 H +H H

$50,000,000 H + H
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$0

State

MC. Roco, 12/12/05

Per Capita NEW NNI Award Amount by State
NSF, FY 2001- 2004

®PR -$1.51

Per Capita NEW Amt.
[l<=291 []2.91-358
[ ]358-4.27 [ |4.27-5.34
[5.34-8.72 [1]8.72-26.04

MC. Roco, 12/12/09)
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Topics: - Advanced Materials

Small business activity in nanomaufacturing
supported by NSF (2001-2004)

! Budget: $ 13 M per year
& Manufacturing 221 Phase |, 55 Phase I
- Biotechnology 157 Small Businesses funded

- Electronics In 35 States
-IT

No. Awards

50

45 H
40 H
35
30 H
25
20 H

15 H

TR T e

10

MC. Roco, 12/12/05

21st Century Nanotechnology R&D Act

Public Law No: 108-153, Dec 3, 2003

Sec. 2.b.(9) providing effective education and
training for researchers and professionals
skilled in the interdisciplinary perspectives
necessary for nanotechnology so that a true
interdisciplinary research culture for
nanoscale science, engineering, and
technology can emerge;

(10) ensuring that ethical, legal, environmental,
and other appropriate societal concerns... are
considered during the development of
nanotechnology

M.C. Roco, 12/12/05
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e Integrated research and education - Make Every Lab a
Place of Learning: Aiming at systemic changes
~ 10,000 students/year, technicians, teachers, and faculty in 2005

e Curriculum development: New foundation, Training earlier

Nano- instead of micro-based; From elementary schools to
continuing education (including undergraduate education since 2003;
Expand to informal education in 2004); Industry fellowships

e All NSF centers have education and outreach programs
Partners schools, community colleges, science museums

e International education opportunities

Young researchers to Japan and Europe; REU sites;
attend courses abroad; PASI - Latin America, NSF-E.C.;
bi-lateral workshops and exchanges

MC. Roco, 12/12/09)

Objectives for nanotechnology education

- Fundamental understanding from the nanoscale:
moving the foundation of learning
from “microscale” to “nanoscale”

- Sharing similar concepts in various disciplines
and relevance areas:
unifying concepts earlier in education

-“Reversing the pyramid of learning”: learning first
unifying concepts of matter/ biology/ information systems,
and then averaging techniques specific to each discipline

- Combine “depth” with “breadth”
- Broader accessibility and motivation to S&T

- Engineering has an increased role because of its
interdisciplinary, integrative, system approach and transforming
characteristics. Nanotechnology deals with systems.

MC. Roco, 12/12/0
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Introducing earlier nanotechnology education
(NSF: Nanoscale Science and Engineering Education)

2000

2002
(NSF/NSE)

2003
(NSF/NSEE)

—— K-16

2004-2005
(NSE/NSEE)

NSF Infrastructure 2005: 24 R&D Centers, Networks and User Facilities

| Nanobiotechnology, Cornell (STC) | Funded by NNI in 2001-2005:
--------------------------------------------- ' —— 2000

Network for Computational Nanotechnology, Purdue (7) i---» NSF (24)
_____________________________________________ i
[ '
i Oklahoma Nano Net, OK t=-=--=-- Co DOD (3)
--------------------- HE
Nanoscale Systems in Information Technologies, Cornell E i NASA (4)
Nanoscience in Biological and Env. Eng., Rice i I N B 2008 DOE (5)
Integrated Nanopatterning and Detection, NU :_ _______ > NIST (2)
Electronic Transport in Molecular Nanostructures, Columbia ~f————» DHHS (2)
Nanoscale Systems and their Device Applications, Harvard
Directed Assembly of Nanostructures, RPI -1 2002

MRSECs on nanostructures |—'

Integrated and Scalable Nanomanufacturing, UCLA

Nanoscale Chem., Electr., and Mech. Manu. Systems, UIUC —3— 2003

Extreme Ultraviolet Science and Technology, Colorado St.

Integrated Nanomechanical Systems, UCB

New national networks 2005-2006:

|
|
8

r ; -
— - - - | NSEC: Nanotechnology in Society (4+) :
Affordable Nanoeng. of Polymer Biomedical Devices, Ohio St. (P Y R WO L

Nano/Bio Interface, U. PA.

Fem—————

High Rate Nanomanufacturing, NE U.-Boston

1J
I
'
=
)
S
o)
@
o
=8
@
EX
S
=
3
=
w
Q.
@
5
Q
@
m
o
=
S
2
S)
5
w
P
*

Probing the Nanoscale, Stanford

]
|
g
(5

Templated Synthesis and Assembly at the Nanoscale, UW-Ma

it
Nanotechnology Center for Learning and Teaching, NU (10) -

[

L e T ]
\ 4 MC Roco, 10/10/09)
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Infrastructure Outcomes of 2001-2005:
NSF R&D Networks and User Facilities

e Network for Computational Nanotechnology (NCN)
7 universities (Purdue as the central node)
Nanoelectronic device simulation/modeling

e National Nanotechnology Infrastructure Network (NNIN)
13 universities with user facility
Development measuring & manufacturing tools, including NEPM
Education and societal implications

e Oklahoma Nano Net (EPSCoR award)

Centers:
15 Nanoscale Science and Engineering (NSEC) - 6 (2001); 2 (2003); 6 (2004); 1 (2005)
2 NSE Education: NCLT (7-16 education) and NISE (science museums)
8 new Materials Research Science and Engineering Centers (MRSEC)

Six NSF networks/centers
with national outreach

+ Network for Computational Nanotechnology (2002-)
+ National Nanotechnology Infrastructure Network (2003 -)

Network for Nanotechnology in Society (2005 -)
Nanotechnology Center Learning and Teaching (2004 -)

Center for Nanotechnology Informal Science Education (2005 -)
Center for Hierarchical Nanomanufacturing (2005 -, TBD)

Page 16



NSF NNIN Scope and Activities
@ _ (13 nodes, lead Cornell University)

Molecular Scale Devices =~ .

Molecular Synthesis Mechanical Systém

Tool Developmen Characterizatio

Modeling

Visualization & Simulation

Biology &
Life Sci%nces

Design

Electronics

GeoSciences Optics
Materials Physics

Integration _ Chemistry

Integration
Systenms
Packaging

www.nnin.org
4,290 unique users in FY 2005 (14% from industry) MC. Roco, 12/12/09

: Network for Computational Nanotechnology
' @:‘ (7 nodes, lead Purdue University)

Multi-scale, multi-disciplinary from “atoms to systems”
research, education, user-facility components

Northwestern |
W,

www.nanohub.purdue.edu
8,170 unique users in FY 2005
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NSEC: Nanotechnology in Society

Four nodes established in September 2005:
® 2centersand @ 2 small-groups

EHarvard University: }
University of California L
Santa Barbara
@
()
(]
[Arizona State University }

University of South Carolina:
visualization methods

To address Ethical, Legal and other Social Issues related to Nanotechnology

Nanotechnology Center Learning and Teaching (2004 -)
The NCLT Community

TR T ® Nanomaterials Research: MRSEC, NSEC, DOE, NASA
L] kS
ol g es e S ® Curriculbmn Development: NSF-funded
.' Argonne Michigan .. CCMS and MWM
o = ® Fducation Research: NU-Searle Center,
@ West Point, Furdue . S CMS Ted b "
o . ‘. CCMS (led by AAAS)
: Higle Hamprom L : ® Professional Development: Summer
. Blorho e e programs on partmer campuses, US-
5 TTEFR e : aSi e -
e . Minority Institutions
e - .
. Dstreit Pub. Sch., e ® Visualization & Learning Toels: EVL
L Evanston High, . =

., . 3 e
e Indianapolis 55, ctc. ® Simulation & Modeling: NCN

® School District Partnerships nationwide

To reach 1,000,000 HS children in all 50 states in 5 years (by 2009)
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Nanotechnology Informal Science Education Network

Center for Center for Public _CeMermr
NISE Research Engagement Exh|b|ts & Programs
Exploratorium Museum of Science ~ Science Museum of
San Francisco Boston Minnesota

W

» Network Media » Exhibit and
Resource Center e Forums Program Packages

Research and * Network
Evaluation Administration

Professional
Development

Public Website

Center of Scalable and Integrated Nanomanufacturing
UCLA, UC Berkeley, Stanford U., UCSD, UNCC, HP Labs

Goals
- 3D nano-manufacturing with 1-20 nm resolution
(Plasmonic Imaging Lithography,
Ultra Mold Imprinting)
Massive and parallel
integration of heterogeneous
nano-LEGOs into devices
Nano-manufacturing
cluster tool

Research Thrusts

=

)

Nano-Photonic Layer

1 i{L v 3D Terabit
i Memory

Ultra Compact light source

& integrated photonics b

Ultra Sensitive

Nano Fluidic Circuits i oo

MC. Roco, 12/12/09
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Nanoscale Chemical-Electrical-Mechanical
Manufacturing Systems, UIUC, NCSU, Caltech

Goals - control of composition at nanoscale
- placement of nanostructures in 3D
- knowledge of the state of matter at nano

Research Thrusts

Micro-Nano Fluidic Network Toolbit J
&

P

l

MC. Roco, 12/12/09

Process Sensing and Control Nano
Manufacturing Systems

Ex.: Materials Characterization Laboratory Adoption of Web-based TPM
Protocols between U. lllinois, ORNL, LBNL and NIST

Page 20



Requested FY 2006 NNI Investment
by Program Component Areas -

each with specific research targets

2006 Planned Agency Investments by Program Com ponent Area (in § millions)

g = "
R =

Tt E:E . & & . -

1 . |d3a| & |3 g

f -g 'g" g ﬁ —2 B : & 5

& y E g 5
E T &, 8§58 4 R g 3
£d & E |2 gt | R a E
e} E % 7 ° B H =l I:E - (=] 2
E E B = g B & = = ]
g2 15 |EE5 | 1 BAE g =
B3| 5 | 23 |EE%| & (B3| ¢ | =
£E Z Z5 |E=2&| =2 54 & Z
—>| NSF 95 73 54 12 24 24 60 344
DOD 35 83 9 3 2 6 2 230
DOE 48 33 5 11 0 109 1 207
HHS (NIH) 46 17 67 6 0 1 8 144
DOC (NIST) 5 1 2 39 19 8 1 75
NASA 4 17 10 [i 1 [i 0 32
UsDA 1 2 3 i 1 i 1 11
EPA =05 i > 05 i 0 i 4 5
HHS (NIOSH) 0 0 0 0 0 0 3 3
DOJ 0 0 0 0 0 0 2 2
DHS 0 i 1 i i i i i
TOTAL 234 228 241 71 47 148 82 1054

MC. Roco, 12/12/09

NNI Publications in 2005 including
Societal Implications 11 (Sept. 2005)

THe NaTIONAL
NanoTECHNOLOGY INmMiaTIVE
STRATEGIC PLaN THe NaTionaL

MNanoTecHnoLocy INmiaTivE

Societal Implications of Nanoscience and
Nanotechnology I
Maximizing Human Benefit

MC Roco,12/12/05
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NNI projects supporting social implications (examples (1))

Project

Agency, Institution

Nanotechnology and its Publics

NSF,
Pennsylvania St. U.

Public Information, and Deliberation in
Nanoscience and Nanotechnology Policy
(SGER)

Interagency,
North Carolina St. U.

Social and Ethical Research and Education in | NSF,
Agrifood Nanotechnology (NIRT) Michigan St. U.
From Laboratory to Society: Developing an NSF,
Informed Approach to NSE (NIRT) U. of South Carolina
Social and ethical dimensions of nanotechnology | NSF,

U. Of Virginia
Ethics and belief inside the development of NSF,
nanotechnology (CAREER) U. Of Virginia

All centers, NNIN and NCN have a societal
implications components

NSF, DOE, DOD and NIH
All nano centers and networks

MC. Roco, 12/12/09

NNI projects supporting social implications (examples (2))

Project Agency, Institution
Citizen Learning, Deliberation, and Reasoning | NSF,
in Internet-Mediated Technology Policy North Carolina State
Forums University
Public Information, and Deliberation in Interagency,
Nanoscience and Nanotechnology Policy North Carolina State
(SGER) University

An Integrated Approach to Teaching
Nanotechnology and Society (NUE)

University of Wisconsin

Nanotechnology: Content and Context (NUE)

Rice University

Undergraduate Exploration of Nanoscience, NSF,
Applications and Societal Implications (NUE) | michigan Technological U.
Assessing the Implications of Emerging NSF,
Technologies (IGERT) MIT
Nanoparticle Science and Engineering NSF,

(IGERT)

University of Minnesota

MC. Roco, 12/12/09
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Evaluations

e NRC Review, 2002
- “The committee was impressed with the leadership and level of
multiagency involvement in the NNI. Specifically, the committee
commends the leadership of NSF . .”

e COV, NSF, 2004:
- “Two significant and enduring results have emerged from this
investment: .. the creation of a nanoscale science and engineering
community, and the fostering of a strong culture of interdisciplinary
research”

e Chuck Vest, at PCAST meeting March 2005 (NNI review):
—“NNI is a new way to run a national initiative”

o Matt Tirrell, at NRC Review on August 26, 2005:
- “NNI developed systematic control of matter at the nanoscale”

References (NSF)

o NSF website on NNI www.nsf.gov/nano)
e NSF 2004 COV Report on NSE www.nsf.goviodoialactivities/covicovs.jspicross)
e Grantees meetings 2001-2004 (www.nseresearch.orq)

Series of NSF workshops (examples)
- “Societal Implications of Nanoscience and Nanotechnology”. NSF, Sept. 2000,
Report on March 2001, also Springer, 2001 www.wtec.org/loyola/nano/societalimpact/.

- “Nanotechnology: Societal Dimensions - Improving Benefits to Humanity”. NSF
and NSET, November 2005, Report on March 2001, also Springer, 2001, www.nef.gov/nano
see NSF and NNI Reports; Also Springer 2005.

- “Converging Technologies for Improving Human Performance: Nanotechnology,
Biotechnology, Information Technology and Cognitive Science”. Workshop Dec. 2001;
June 2002, NSF/DOC, www.wtec.org/ConvergingTechnologies/; also Springer, 2003

- “Emerging Issues in Nanoparticle Aerosol Science and Technology”, NSF report,
January 2004 www.nhano.gov/html/res/INSFAerosolParteport.pdf

- “New trends in catalyst research”, NSF, 2004
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3 US NSF - Nanoscale Science and Engineering - NSF ACTIVITIES, Solicitations and Their Outcomes - Microsoft I... |:||§||z|

File: Edit Wew Favorites Tools Help Address | Links z’
4 4
%2 National Science Foundation www.nsf.gov/nano
WHERE DISCOVERIES BEGIN OI’|InkWWWﬂanOQOV

HOME | FUNDING | AWARDS | DISCOVERIES | NEWS | PUBLICATIONS | STATISTICS | ABOUT | FastLane

r

echnology Initiative (NNI)

Search for NSF awards by keywords
to the "Full text search and com e box with your keywords; Examples of
O nd nanoparticle)

Solicitations & Outcomes

NSF press releases on Nanotechnology Research since January 2004

New Items

- g

Activities

Program Reviews SOLICITATIONS AND OUTCOMES IN FY 2005

MNSF & NNI Symposia popouncement 05-543: Nanos #Tence and Engineering Education
 ——

_(NSEE!
"Preparation workshop: Public Engagernent in Manoscale Science and
Engineering"(POF, F7EKE)

NSF & NWI Reports

MSF & NWI Reports

NSF Announcement 04-043: Nanoscale Science and Engineering {NSE}

E‘ksm Ralateeponts MSEC on "Nanotechnology in Society" warkshop

NNI Endorsemen te
- Joint EPA-NSF-NIOSH solicitation for research in Environmental and
Human Health Effects of Manufactured Nanomaterials

NNI Presentations

|=

FY 2005 NSF’s Grantees Meeting

* Review awards from the NSE solicitation (FY04 NIRT & NSEC)

Each presentation:
Focus on the group’s R&E themes, highlights of results,
future work and opportunities for collaboration

* Timely exchanges and developing partnerships between
research teams — centers - education groups - industry
See posters from centers and industry
Four meeting rooms are available personal discussions

Address common issues:
New research and education directions,
EHS, collaboration with industry sectors (see panels)

* Presentations from the NASA and DOD centers, joint panels

* An outcome: . o _
Strengthen the NSE interdisciplinary community
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