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Topics

e NNI program and timeline
e Major changes in the first four years

e The national and international context
for responsible R&D of nanotechnology
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Chances and risks of technology

e Human potential and technological development
are coevolving, and quality of life has increased
with technological advancements

However, there is a perceived tension between the
society and technology (maybe because significant
changes, accelerated path, larger benefits & risks)

e Technology implications are global issues
(human development, EHS) that must be
addressed together

NNI — promotes multidomain approach, interagency
and international collaborations

MC. Roco, 9/20/04



Nanotechnology

Definition on www.nano.gov/omb_nifty50.htm (2000)

® \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 ablility to measure / control / manipulate matter at the
nanoscale in order to change those properties and functions

- Inteqgration along length scales, and fields of application

MC Roco, 9/20/04




NNI - Why nanotechnology Is important?

. Reaching at the foundation of matter
Historical event in understanding, control and transformation
of natural/living and manmade systems (natural threshold)

e The long term societal implications — driver 2000
Improved knowledge, quality of life, and environment
Create foundation for a new industrial revolution

® H|qher purpose goals than development of NT
More basic and unifying science and education
- Higher efficiency processes and novel products
- Molecular medicine
- Extend the limits of sustainable development
- Increased coherence/integration of S&T policies

MC. Roco, RD2, 9/20/04



Nanotechnology development cannot be
decided only by nanotechnologists

SPEED BUMP DAVE COVERLY

Nanotechnology will
broadly affect society,
from new products to art

MC. Roco, RD2, 9/20/04



R&D towards the Next Industrial Revolution

1999 metrics, 2004 check the progress, 2015 to satisfy first criteria

The concept:

Changing the foundation of understanding, manufacturing
and medicine from the macro and micro domains to the
nanoscale, where all fundamental material properties and
functions can be efficiently established and changed.

Five basic “Metrics” (NNI proposal, RD1 - 1999)
1. Systematic control of matter at the nanoscale
2004: COV / NSF Evaluation —» the progress is on target

2. New products and processes that were not possible
before because of technical or economical barriers

2004: Commercialize novel materials = the progress is on target

MC Roco, 9/20/04



R&D towards the Next Industrial Revolution

1999 metrics, 2004 check the progress, 2015 to satisfy first criteria

3. Half of the new products in advanced industrial area
(materials, electronics, pharmaceutics, chemicals,
aeronautics, devices for molecular medicine)
will use nanoscale S&E

2004: Survey industry, Sl report —» At least half by 2015

4. $1 trillion world market of products with key component
based on nanotechnology, 2 million jobs worldwide

2004: Increasingly supported by studies — On of before 2015

5. Establish an interdisciplinary community (called “grand
coalition” in RD1) and suitable workforce

2004: COV | NSF evaluation —» “a big achievement”
NRC evaluation in 2002 - good strategic view
Industry / academia / Federal government / state partnerships
Systemic changes and earlier NT education, workforce

MC Roco, 9/20/04
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10-20 years vision

Timeline for beginning of industrial
prototyping and commercialization

e 1st Generatlon Passive nanostructures ~ 2001

Ex: coatings, nanoparticles, nanostructured metals,
polymers, ceramics

e 2nd Generation: Actlve nanostructures ~ 2005

Ex: transistors, amplifiers, targeted drugs, actuators,
adaptive structures

e 3rd Generatlon Systems of nanosystems ~ 2010

Ex: guided molecular assembling; 3D networking and
new system architectures, robotics, supramolecular

e 4th Generation: Molecular nanosystems ~ 2020

Ex: molecules as devices/components ‘by design’,
based on atomic design, hierarchical emerging functions,
evolutionary systems

MC Roco, 9/20/04
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NATIONAL NANOTECHNOLOGY INITIATIVE
- Timeline (Preparing NNI) -

e March 1991 “Nanoparticle Synthesis and Processing” (NSF program)
e Nov. 1996  Nanotechnology Group (bottom-up)

e March 1998  Functional Nanostructures; Partnership in nanotechnology
(NSF in collaboration with other agencies)

e Sept. 1998 NSTC establishes Interagency Working Group of
Nanoscience and Engineering (IWGN)

e March 1999 OSTP/CT presentation on NNI, Indian Treaty Room
e May-Sept. 1999  Congress hearings; Three publications NSTC/IWGN;
Nanotechnology R&D planning in six agencies
IWGN planning for NNI
® Oct.-Dec.1999 OMB review - NNI the only new topic recommended
PCAST - Letter to the President supporting NNI
OSTP and WH Approval
e Jan. 2000 NNI announced by the President in Jan 2000
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NATIONAL NANOTECHNOLOGY INITIATIVE
- Timeline fiscal years (FYs) 2001-2004 -

® Feb. - Dec.. 2000: WH Congress review and approve FY 2001 NNI
NSTC establishes NSET for implementation NNI, July 2000
“Societal Implications” workshop in Sept. 2000
® FY 2001 6 agencies; actual investment $465M
Concerns about the interest, “science fiction” perception
MOU to establish NNCO, Jan. 2001
® FY 2002 12 agencies; actual investment $697M
International reaction: programs in 30 countries
Industry get involved in many sectors
20 states and regional alliances begin to invest
® FY 2003 16 agencies ; actual investment $862M
Outcomes: research, education, industry and

states investments, patents, IPO; GMO perspective

® FY 2004 21 agencies, WH Request - $961M;
2 Bills in Congress for FY04-08; The President signs
Public Law 108-153 “21%t Century NT R&D Act”
Letter from OSTP-OMB with NNI as a priority

MC Roco, 9/20/04



Goals of the NNI

Conduct R&D to realize the full potential of this revolutionary
technology

It includes: Extend the frontiers of nanoscale science and engineering
though support for research and development; Maximize return on
Federal government’s investment in nanoscale R&D through
coordination of work of participating Federal agencies and partnerships

Develop the skilled workforce and supporting infrastructure
needed to advance R&D

Facilitate transfer of the new technologies into commercial
products

Understand better the social, ethical, health, and environmental
iImplications of the technology

Ensure U.S. global competitiveness and leadership in the
development and application of nanotechnology

MC Roco, 9/20/04



CONGRESS |~ White House/ OSTP/ CT

OMB PCAST

NSTC /NSET

NSET Nanoscale Science, Engineering
coordinates NNI and Technology Subcommittee

NNCO, secretariat § ff Working Groups

Independent Agencies (11) Departments (10)

CRCD, EPA, FDA, DOC / NIST, DOC /USPTO,
NASA, NIH, DOD, DOE, DOJ,
NIOSH, NRC, DOS, DOT,

NSF, ITIC, UTO DOTreas, DHS, USDA

National Nanotechnoloqy Initiative coordination

(Levels: National / Federal agencies, Each agency / Partnerships with industry,
states, regional, international / Interaction with public, media)




Defining the vision (l)
National Nanotechnology Initiative

1999-2000
%899(;(,” NANOTECHNOLOGY msigelesIVICR{e]
visi)c/)n 3 o public
Societal
implications
Reports
é Nan
GiTarirert Worldwide
plan benchmark

FY 01-05: RDI1 provides a foundation for annual NNI plans
June 2002: “Review of NNI” by U.S. Academies for WH/OSTP

Focus on Knowledge Creation: same principles, phenomena, tools,
architectures to support innovation in various areas of relevance mc roco, 92004




NNI: R&D Funding by Agency

Fiscal year 2000 2001 2002 2003 2004 2005

(allin million $)  Actual Enact/Actual Enact/Actual Enact/Actual Req./ Enact Req
National Science Foundation 97 150 /150 199 /204  221/221 249 /254 305
Department of Defense 70 110 /125 180 /224  243/322 222 /315 276
Department of Energy 58 93 /88 91.1 /89  133/134 197/203 211
National Institutes of Health 32 39 /39.6 40.8 /59 65 /78 70 /80 89
NASA 5 20 /22 35 /35 33/36 31 /37 35
NIST 8 10 /334  37.6/77 66 /64 62 /63 53
EPA /5.8 5 16 5/5 5/5 5
Homeland Security (TSA) 2 2 211 211 1
Department of Agriculture /1.5 1.5 /0 11 10/1 5
Department of Justice /1.4 14 /1 1471 1471 1
TOTAL 270 422 1465 600/697 770/862 849/961 982

+72% +50% +24%
- Industry, state and local organizations: about 1.5 times NNI budget in 2003

- 21 NSET departments / agencies, including: OSTP, NSTC, OMB, DOC, DOS, DOT,

DOTreas, FDA, NRC, DHS, IC, NIOSH, USPTO; partnerships with others
- NNI budget: 65% to academia; 25% - R&D labs; 10% - industry (7% SBIR)

MC Roco, 9/20/04



Context — Nanotechnology in the World
Past government investments 1997-2004 (est. NSF)

4000 +——W. Europe
3500 - —Japan
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g - Others
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1997 1998 1999 2000 2001 2002 2003 2004

Note:
« U.S. begins FY in October, six months in advance of EU & Japan (in March/April)
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About half of the highly cited papers

In key journals originate in US
(*nano*” keyword search, after NNI Report, 2005)

6

Journal ISI with high 7 Asia
Impact Factors (2001): 5 | m Europe
Nature 21.9 . A

Science 23.3
Physics Review Letters 6.6 3

All others journals have
Impact factors under 4

Percentage of Total Articles

Correlates well with
the overall papers
with I1SI high impact
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Example:

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

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

2 Chemistry to synthesize components of

nano machines to work on surfaces and be
activated by external electromagnetic fields (UCB)

2 Light driven molecular motors (U. Nevada)

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

2 Nanoengineering surfaces for probing viral adhesion &~
(UC Davis) p

MC Roco, 9/20/04


http://www.nseresearch.org/
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Introducing earlier nanotechnology education
(NSE: Nanoscale Science and Engineering Education)

NT Graduate education (curriculum development)

2000 T
o)
2002 i
(NSF/NSE) X
2003
(NSF/NSEE) o

2004 -2005
(NSF/NSEE)
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& 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)

e DOE network for large scale facilities: 5 National Labs

29 new centers and networks supported by NNI since 2001
17 NSF, 5 DOE, 3 DOD, 4 NASA (at universities); continuing MRSECs

MC Roco, 9/20/04




US has about 2/3 of world NT Patents (USPTO database)

using “Title-claims”and “Full-text” search for nanotechnology by keywords
(using intelligent search engine, after J. Nanoparticle Research, 2004, Vol. 6, Issue 4)

Number of Patents

“Title-claims” search:
nanotechnology claims

@ Others
B USA

B W.Europe
B Japan

Number of Patents

“Full-text” search:

nanotechnoloqy claims,

or/and NSE tools and methods

9000

8000 -
7000 -~
6000 -~

@ Others

B USA

8 W.Europe
B Japan
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NNI-Industry Consultative Boards for Advancing Nanotech

Key for development of nanotechnology, Reciprocal gains

A NNI-Electronic Industry (SRC lead), October 2003
Collaborative activities in key R&D areas

5 working groups, Periodical joint actions and reports
NSF-SRC agreement for joint funding; other joint funding

A NNI-Chemical Industry (CCR lead)

Joint road map for nanomaterials R&D
2 working groups, including on EHS
Use of NNI R&D results, and identify R&D opportunities

ad NNI — Organizations and business (IRl lead)
Joint activities in R&D technology management

Industrial 2 working groups (nanotech in industry, EHS)
e Exchange information, use NNI results, support new topics

dIn developments: NNI - Pharmaceuticals (Phrma lead)
NNI - Automotive industry

MC Roco, 9/20/04



Industry surveys

- Companies working in nanotechnology

Survey by Small Times in 2004, based on individual contacts
and direct verification:

875 nanotech companies
475 products in 215 companies

- Timeline for commercialization

Survey by National Center for Manufacturing Sciences:

81 manufacturing companies:
89% expect products in less than 5 years

20%0

0O Already marketing
Nanotechnology Products

260/ B Within 1 Year

0

B Within 3 Years
B Within 3-5 years

B More Than 5 Years

1590 (study sponsored by NSF)
MC Roco, 9/20/04



Sampling of Current Regional, State, & Local
Initiatives in Nanotechnology

NanoBusiness

Northern CA
Nano Initiative

Girvan Institute

California
NanoSystem
Institute (CNSI)

-*‘*

Colorado Nano-
Technology
Initiative (CNTI)

pd

Arizona Biodesign
Institute (AzBio)

UNM & Nat. Labs

Consortium:

Oklahoma Nano-
technology
Initiative

4

Z

Atomworks Albany
Nanotech Alliance
Nanoscience Michigan
Center Small _Te_ch Massachusetts
DN Association Nanotechnology
\* Initiative

)

Connecticut
Nanotechnology
Initiative

DX
A

(D2

Nanotech
Center ’
‘ 2

New Jersey
Nanotechnology
Consortium

Nano-

technology
Initiative

Inst for Nanotechnology In
Virginia (INanoVA

USC NanoCenter

Nanotechno
Center at Ga

logy
Tech

Enterprise
Florida

NNCO



Societal Implications: Follow-up ekt
of the September 2000 report | N

Edited by
Mihail C. Roco and William Sims Bainbridge

Make support for social, ethical, and \ \i /
economic research studies a priority: e
(a) New theme in the NSF program solicitations; | :

(b) Centers with societal implications programs;

(c) Initiative on the impact of technology, NBIC, HSD

NNCQO - communicate with the public

and address EHS, unexpected consequences  http:/nano.gov
NEHI working group of NSET has been established in 2003
Basic reference for the interaction with the public

Converging technologies from the nanoscale

Workshop with EC (2001); Links to Europe, Americas, Asia

MC. Roco, 9/20/04




Defining the vision (Il)

National Nanotechnology Initiative
2004

s e

2004:
10-year
vision

\ & /

Energy

Societal
Implications
mplications of | 2004
nce and

ll Nanomanufacturing Industr B nology 3
in the U.S. - Survey 2003

itiddd

Government e
Plan (annual) ...

“Other topical reports
on WWW.Nano.gov

2004: Update 10 year vision, and develop strategic plan

MC Roco, 9/20/04



After 3 years of NNI:
New R&D potential targets for 2015 (ex)

2004 2015

Nanoscale visualization and simulation of 3D/m domains

v

= Micro domains with nano space and time resolutions

Transistor beyond/integrated CMOS under 10 nm

New catalysts for chemical manufacturing

No suffering and death from cancer when treated

Control of nanoparticles in air, soils and waters

VYV

MC. Roco, 9/20/04




Challenge: Transistor beyond/integrated CMOS
under 10 nm - 2015

« In the 70s, 80s and 90s
Geometrical scaling was the major driver

e In the 2003 - 2012 period (industry target)
Use of novel physical phenomena to extend performance
by equwalent scaling are the major drivers. Examples (2004)

“Strained Silicon” -
Separating the Silicon Atoms

1.2 nm gate oxide is ~5
for Faster Electron Flow

Silicon atom layers thick
In addition, to explore beyond CMOS:
- New carriers instead of electron charge
- Integrate CMOS with other nanodevices
- New system architectures
- Integration with applications MC Roco, 9120104

Tri-gate Transistor



Challenge 2015: To simulate engineering
problems from basic principles at the nanoscale

Using nanotechnology to build Using fast computers and

the highest speed processors reconfigurable computing
for nanoscale S&E

“application acceleration”
(for 100x potential speeedup)

Capability 2004 (Cray X1):
50+ TFLOPS (fastest computer in the world)

~ 2010 (Cray Cascade):
DARPA — NSF — DOE acad. support
1,000+ TFLOPS

~ 2015 (Cray target):
10-100,000 TFLOPS

MC Roco, 9/20/04



Challenge 2015: To Eliminate Suffering
and Death Due to Cancer

“A Vision Not a Dream!”” by using nanotechnology, A v. Eschenbach, NCI

Where We Want To Be <=

Detection and #A arlni(g)PaCt/_th
_ - u S VI
Diagnosis Metastases

Prevention I

Cancer results from accumulation of multiple genetic changes in a cells.
Nanotechnology will allow earlier detection and prevention (Year 0)



NNI coordination for R&D investments

for EHS

NSF research grants on environmental and societa
All basic R&D areas, fate and transport of

Implications
narticles

NIH research on effects of nanoscale materials in the body
EPA research grants on environmental implications of

manufactured nanomaterials

National Toxicology Program (NIEHS, NCTR, NIOSH)
Project to study toxicity of nanotubes, guantum dots, and titanium dioxide

NIST development of standards and measurements for

nanoscale particles

FDA and USPTO training and specialized activities
USDA and DOE support fate and transport studies
DOD supports exposure studies

MC. Roco



NNI programs supporting extramural research awards
(about 11% of NNI investment in FY 2004 dedicated
to environmental, health and social issues)

NSF: Nanoscale Science and Engineering solicitation; and core
programs (www.nsf.qov/nano)

Nanoscale Science and Engineering (04-043; deadline 11/04)
$81 million (themes on environmental and societal aspects)
Center for Hierarchical Nanomanufacturing
Center for Nanotechnology In Society
NIH: Solicitation:
http://grants.nih.gov/grants/guide/notice-files/NOT-ES-04-006.html

Study diverse agents that may include: abrasive blasting agents,
quantum dots, carbon nanotubes, metal working fluids, or other
agents.

EPA (STAR)
DOE (MURI)




Current coordinated measures for EHS

Develop statement on “Best practices” for research laboratories
and industry units (NIOSH, NSF, DOE, NASA, DOD),
and i1dentify gaps

Map of EHS responsibilities and contacts in each NNI agency
Establish response approach to an unexpected event or an emergency

Identify protective equipment suitable for nanoparticles and other
nanostructured materials (OSHA, NIOSH, other agencies)

Support development of instrumentation and metrology (NSF, NIST)
Develop a unified, explicit nomenclature (NSF, ANSI, agencies)
Develop standards for nanotechnology (ANSI, NIST, IEEE, ASME)
Collaborative activities with industry (SRC, CCR, Phrma, IRI)
Identify research and educational needs (Fundamental, GCs)

NNI Group: “Nanomaterials environmental and health implications”

MC. Roco, 9/20/04




Workshops on nano-environmental research
examples

e NSF, 9/2000: Societal Implications of Nanoscience and Nanotechnology

e NSF, 6/2002: Nanoparticles and the environment (grantees meeting)

e EPA, 11/2003: Nanotechnology and the environment applications
and implications (grantees meeting)

e ACS, 3/2003: Symposium on nanotechnology implications in the
environment, New Orleans

e NNI, 5/2003: Vision for environmental implications and improvement
(interagency report)

e NSET/NNCO, 8/2003: Review of Federal Regulations (report)

e NNI, 9/2003: Interagency (grantees meeting)

e Wilson Center, 10/2003: EPA and FDA regulatory functions (report)

e NSET, 12/2003: Societal Implications of Nanoscience and
Nanotechnology (Il)

e EPA, 8/2004. Nanotechnology and the environment applications
and implications (grantees meeting)

MC. Roco, 9/20/04



International Dialogue for Responsible
Nanotechnology R&D

Joint Statement

Current Norms

Immediate Actions

Virginia, US
June 17-18, 2004 (posted on www.nsf.gov/nano)
MC. Roco, 9/20/04



NNI challenges

<« Need for coherent, exploratory,
long-term (5-10 yr) plans
Congress signed the Bill in November 2003, and
White House signed the Act on December 3, 2003, Law 108-153
“Nanotechnology R&D Act of 2003”

+ Responsible development of nanotechnology:
Immediate (ex: toxicity) and long-term issues
(ex: socio-economic, longevity, respect human
condition)

<« Horizontal versus vertical S & T development

« Competitiveness: Strengthening partnership with
IndUStry M.C. Roco, 9/20/04
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