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What is the National Nanotechnology Initiative?What is the National Nanotechnology Initiative?

The NNI is an interagency program The NNI is an interagency program 
that coordinates Federal that coordinates Federal nanoscalenanoscale
research and development activities research and development activities 
and related efforts among various and related efforts among various 
participating entities (currently 26)participating entities (currently 26)

The NNI began in 2001 and its The NNI began in 2001 and its 
activities were codified and further activities were codified and further 
defined in the 21st Century defined in the 21st Century 
Nanotechnology Research and Nanotechnology Research and 
Development Act (Dec. 2003)Development Act (Dec. 2003)

Planned federal NNI expenditures Planned federal NNI expenditures 
are over $1.4 billion in FY 2008are over $1.4 billion in FY 2008
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OMBOSTP

2001: Six 
Agencies

NSF

DOE

DOD

NASA

NIST

NIH

EPA

DOT

DOTr

DOJ

USDA

IC

DOS

DOC
TA

DHS

NRC

FDA

CPSC

ITC

USPTO

NIOSH

DOC
BIS

USDA
FS

2005: Six New 
Agencies

2002: Seven 
New Agencies

2003-4: Four 
New Agencies

2006: Three
New Agencies

DOEd

DOL

USGS

Six agencies developed original 2001 NNI proposal
Now have 26 NSET Subcommittee member agencies

Participating Agencies in the NNIParticipating Agencies in the NNI
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What is What is ““nanotechnologynanotechnology””? ? 

Nanotechnology is the Nanotechnology is the understanding and controlunderstanding and control of matter at of matter at 
dimensions of roughly dimensions of roughly 1 to 100 nanometers1 to 100 nanometers, where , where unique unique 
phenomenaphenomena enable novel applicationsenable novel applications……

Nanotechnology involves imaging, measuring, modeling, and Nanotechnology involves imaging, measuring, modeling, and 
manipulating matter at this length scalemanipulating matter at this length scale

With reference to the NNI, the term is meant to broadly encompass 
nanoscale science, engineering, and technology

Not just another step towards miniaturization; fundamental 
differences in physical, chemical, and biological behavior at this 
level compared to bulk materials or individual atoms/molecules

quantum phenomena
dominance of surfaces
self-assembly

The NNI definition of "nanotechnology"The NNI definition of "nanotechnology"
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The vision of the NNIThe vision of the NNI:  a future in which the ability to :  a future in which the ability to 
understand and control matter on the understand and control matter on the nanoscalenanoscale
leads to a revolution in technology and industryleads to a revolution in technology and industry

Four goalsFour goals for for nanoscalenanoscale science, engineering, and science, engineering, and 
technology, as described in the technology, as described in the NNI'sNNI's annual budget annual budget 
supplements and Strategic Plan:supplements and Strategic Plan:

Maintain a worldMaintain a world--class research and development programclass research and development program

Facilitate technology transferFacilitate technology transfer

Develop educational resources, a skilled workforce, and the Develop educational resources, a skilled workforce, and the 
supporting research infrastructure and tools supporting research infrastructure and tools 

Support responsible development of nanotechnologySupport responsible development of nanotechnology

The National Nanotechnology Initiative: The National Nanotechnology Initiative: 
Vision and GoalsVision and Goals
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ManagementManagement EOP + AgenciesEOP + Agencies
Establishment of nanotechnology as high priority R&D areaEstablishment of nanotechnology as high priority R&D area

Budget creation, funding allocation to agencies, & spendingBudget creation, funding allocation to agencies, & spending

Negotiations with CongressNegotiations with Congress

CoordinationCoordination NSET SubcommitteeNSET Subcommittee
Coordinates development of strategic plan for NNICoordinates development of strategic plan for NNI

Providing mechanisms for interagency communication and Providing mechanisms for interagency communication and 
coordination on nanotechnology R&Dcoordination on nanotechnology R&D

ReportingReporting NNCONNCO
Publishes reports on behalf of the NSET and the NNI for use Publishes reports on behalf of the NSET and the NNI for use 
by Congress, academia, industry, and the publicby Congress, academia, industry, and the public

Serves as public point of contact for NNIServes as public point of contact for NNI

So how does the NNI actually work?So how does the NNI actually work?
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Consolidated reportingConsolidated reporting on on nanoscalenanoscale science, engineering, and science, engineering, and 
technology efforts across the federal complextechnology efforts across the federal complex

CrossCross--cutting workshops, publications, strategic planning, and cutting workshops, publications, strategic planning, and 
information exchangeinformation exchange among both research and regulatory among both research and regulatory 
bodiesbodies

Coordinated interactionsCoordinated interactions with state and regional efforts, with state and regional efforts, 
international bodies, industry, and othersinternational bodies, industry, and others

Joint development of tools, methodologies, and facilitiesJoint development of tools, methodologies, and facilities, such , such 
as the Nanotechnology Characterization Laboratory established as the Nanotechnology Characterization Laboratory established 
by the National Cancer Institute of NIH in collaboration with NIby the National Cancer Institute of NIH in collaboration with NIST ST 
and FDAand FDA

Joint grant solicitationsJoint grant solicitations, such as an annual call regarding , such as an annual call regarding 
environmental and human health effects of manufactured environmental and human health effects of manufactured 
nanomaterialsnanomaterials led by EPA and involving NSF, NIEHS, and NIOSHled by EPA and involving NSF, NIEHS, and NIOSH

Some interagency NNI activitiesSome interagency NNI activities
facilitated by NSET and NNCOfacilitated by NSET and NNCO
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Industry interactions and input to NNIIndustry interactions and input to NNI

Presentations at businessPresentations at business--oriented conferences and oriented conferences and 
ongoing discussions with industry representatives ongoing discussions with industry representatives 
such as the such as the NanoBusinessNanoBusiness Alliance (meeting with Alliance (meeting with 
NSET 1/30/07)NSET 1/30/07)

Consultative Boards on Advancing Nanotechnology Consultative Boards on Advancing Nanotechnology 
((CBANsCBANs) serve as a mechanism to facilitate input ) serve as a mechanism to facilitate input 
from industryfrom industry

Existing Existing CBANsCBANs with various industry groups, via with various industry groups, via 
agreements with professional or trade associations:agreements with professional or trade associations:

ChemicalsChemicals

ElectronicsElectronics

Industrial ResearchIndustrial Research

Forest ProductsForest Products
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Environmental, Health, and Environmental, Health, and 
Safety Research NeedsSafety Research Needs

Supplement to theSupplement to the
President's FY 2007 BudgetPresident's FY 2007 Budget

NNI activities and documents inform agencies, NNI activities and documents inform agencies, 
and report outcomes, and serve as resourcesand report outcomes, and serve as resources
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NSET Subcommittee working groups NSET Subcommittee working groups 

Focused interest and expertise in topical areasFocused interest and expertise in topical areas

Four working groups established:Four working groups established:
Nanotechnology Environmental and Health Nanotechnology Environmental and Health 
Implications (NEHI)Implications (NEHI)

Nanotechnology Innovation and Liaison With Industry Nanotechnology Innovation and Liaison With Industry 
(NILI)(NILI)

Global Issues in Nanotechnology (GIN)Global Issues in Nanotechnology (GIN)

Nanotechnology Public Engagement and Nanotechnology Public Engagement and 
Communications (NPEC)Communications (NPEC)

Additional informal task forces and subgroups Additional informal task forces and subgroups 
as neededas needed
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1,447

The NNI budget in the FY 2008 requestThe NNI budget in the FY 2008 request

Federal NNI expenditures have steadily grown from Federal NNI expenditures have steadily grown from 
the initiativethe initiative’’s start in FY 2001.  From s start in FY 2001.  From OSTPOSTP’’ss ““oneone--
pagerpager”” associated with the FY 2008 budget request:associated with the FY 2008 budget request:
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NNI areas of investmentNNI areas of investment
(Program Component Areas)(Program Component Areas)

Fundamental Fundamental NanoscaleNanoscale Phenomena and Processes Phenomena and Processes 

NanomaterialsNanomaterials

NanoscaleNanoscale Devices and SystemsDevices and Systems

Instrumentation Research, Metrology,Instrumentation Research, Metrology,
and Standards for Nanotechnologyand Standards for Nanotechnology

NanomanufacturingNanomanufacturing

Major Research Facilities andMajor Research Facilities and
Instrumentation AcquisitionInstrumentation Acquisition

Societal Dimensions (EHS, ELSI, Education)Societal Dimensions (EHS, ELSI, Education)
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FY 2008 budget request by PCAFY 2008 budget request by PCA
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External reviews of the NNIExternal reviews of the NNI

PCAST is designated as the National PCAST is designated as the National 
Nanotechnology Advisory Panel and Nanotechnology Advisory Panel and 
is called upon to assess the NNI is called upon to assess the NNI 
every two years; their first report was every two years; their first report was 
issued 5/05issued 5/05

The National Research Council of the The National Research Council of the 
National Academies is to provide a National Academies is to provide a 
triennial review of the NNI; their first triennial review of the NNI; their first 
such report was published late in such report was published late in 
20062006

NSET has made efforts to evaluate and address NSET has made efforts to evaluate and address 
the recommendations of the PCAST and NRC the recommendations of the PCAST and NRC 
reports as appropriatereports as appropriate
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Industry impacts and NNI activitiesIndustry impacts and NNI activities

"Nanotechnology" is not a monolithic industry, but a "Nanotechnology" is not a monolithic industry, but a 
set of enabling capabilitiesset of enabling capabilities

What are the implications for industry?What are the implications for industry?
Novel or enhanced properties of materials (arising from Novel or enhanced properties of materials (arising from 
control of material structure at the control of material structure at the nanoscalenanoscale via controlled via controlled 
growth, selfgrowth, self--assembly, patterning, assembling with assembly, patterning, assembling with 
nanoscalenanoscale precision, etc.)precision, etc.)

Incremental improvements in products (textiles), disruptive Incremental improvements in products (textiles), disruptive 
new technologies (quantum computing), cleaner or cheaper new technologies (quantum computing), cleaner or cheaper 
methods of manufacture (tailored catalysts)methods of manufacture (tailored catalysts)

Impacts ranging over a very diverse set of application areas, Impacts ranging over a very diverse set of application areas, 
from drug delivery to lightweight structural materials to from drug delivery to lightweight structural materials to 
water purification to electronics to selfwater purification to electronics to self--cleaning coatings to cleaning coatings to 
sporting goodssporting goods…… and many moreand many more
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EnvironmentEnvironment
sensorssensors

remediation remediation 

emissions reductionemissions reduction

membranes and membranes and 
separationsseparations

coatingscoatings

green processinggreen processing

radioactive waste radioactive waste 
containment, etc.containment, etc.

EnergyEnergy
hydrogen storagehydrogen storage

solidsolid--state lightingstate lighting

lowlow--power displayspower displays

fuel cellsfuel cells

battery materialsbattery materials

solar powersolar power

catalysiscatalysis

weight reductionweight reduction

propellants and explosivespropellants and explosives

nanoscalenanoscale energy (ATP energy (ATP 
motors, etc.)motors, etc.)

Potential Nanotechnology Impact AreasPotential Nanotechnology Impact Areas
in Energy & Environmentin Energy & Environment
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schematic of remediation processelectron micrograph of Fe nanoparticles

W. Zhang et al., Lehigh (funding from NSF, EPA)

Treatment of ContaminatedTreatment of Contaminated
Groundwater with Iron Groundwater with Iron NanoparticlesNanoparticles

Fe Fe nanoparticlesnanoparticles with Pt or Pd degrade trichloroethylene with Pt or Pd degrade trichloroethylene 
(TCE) (TCE) –– up to 96%up to 96%
break down a wide variety of contaminantsbreak down a wide variety of contaminants
high reactivity due to large surface area (~33.5 m2/g)high reactivity due to large surface area (~33.5 m2/g)
injectableinjectable, for soil and groundwater remediation, for soil and groundwater remediation
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NNI agency funding for small businessesNNI agency funding for small businesses

Small Business Innovation Research (SBIR) and Small Business Innovation Research (SBIR) and 
Small Business Technology Transfer (STTR) Small Business Technology Transfer (STTR) 
programs include nanotechnologyprograms include nanotechnology--specific topics specific topics 
and nanotechnology components within other topicsand nanotechnology components within other topics
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Suitable Standards are Critical For Suitable Standards are Critical For 
Nanotech Development and CommercializationNanotech Development and Commercialization

Commercial progress in nanotechnology requires Commercial progress in nanotechnology requires 
standards based on solid science and engineeringstandards based on solid science and engineering

Imperative for best technologies to be incorporated into Imperative for best technologies to be incorporated into 
internationallyinternationally--developed specifications and standardsdeveloped specifications and standards
Standards not so founded can constrain innovation and Standards not so founded can constrain innovation and 
entrench inferior technologiesentrench inferior technologies
Documents on consensus specifications serve as highly Documents on consensus specifications serve as highly 
informative and instructional information for advancing fieldinformative and instructional information for advancing field

Standards are key to addressing the highly multiStandards are key to addressing the highly multi--
disciplinary and broad based nature of disciplinary and broad based nature of 
nanotechnologynanotechnology——crosscross--sectorialsectorial standards typicalstandards typical

across scientific fields including biochemistry, molecular across scientific fields including biochemistry, molecular 
biology, engineering, physics, chemistry, medicine,biology, engineering, physics, chemistry, medicine,……

Standards on nomenclature, measurement, and Standards on nomenclature, measurement, and envienvi--
ronmentronment, health, and safety (EHS) are a high priority, health, and safety (EHS) are a high priority
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International Standards OrganizationsInternational Standards Organizations

National Body 
International 

Standards 
Organizations

Treaty-Based 
International 

Standards 
Organizations

Standards 
Development 

Orgs. With 
Global Reach

http://www.ieee.org/portal/site/iportals
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NNI infrastructure includesNNI infrastructure includes
many centers and networksmany centers and networks

User facilities available to the entire research and User facilities available to the entire research and 
development community include the National development community include the National 
Nanotechnology Infrastructure Network (NNIN),Nanotechnology Infrastructure Network (NNIN),

supported by supported by 
NSF, which NSF, which 
includes 13 includes 13 
university sites, university sites, 
and the five and the five 
DOE DOE NanoscaleNanoscale
Science Science 
Research Research 
Centers Centers 
((NSRCsNSRCs) at ) at 
National National 
Laboratories.Laboratories.
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Center for 
Integrated 

Nanotechnologies

Center for 
Nanophase 
Materials 
Sciences

Molecular
Foundry 

Center for 
Nanoscale 
Materials

Center for 
Functional 

Nanomaterials

Argonne 
National Laboratory

Brookhaven 
National Laboratory

Oak Ridge 
National 

Laboratory
Sandia National 

Laboratories & Los Alamos 
National Laboratory

Lawrence Berkeley 
National Laboratory

The Five Department of Energy (DOE)The Five Department of Energy (DOE)
NanoscaleNanoscale Science Research Centers (Science Research Centers (NSRCsNSRCs) ) 
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Four of the Five Four of the Five NSRCsNSRCs are in operationare in operation

Center for Nanophase Materials Sciences
(Oak Ridge National Laboratory)

Center for Nanoscale Materials
(Argonne National Laboratory)

Molecular Foundry
(Lawrence Berkeley 
National Laboratory)

Center for Integrated Nanotechnologies 
(Sandia & Los Alamos National Labs)

Center for Functional Nanomaterials
(Brookhaven National Laboratory)

- just completing construction

24
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Research facilities for synthesis, processing, Research facilities for synthesis, processing, 
analysis, and characterization of analysis, and characterization of nanoscalenanoscale materialsmaterials

Provide specialized equipment, unique tools, and Provide specialized equipment, unique tools, and 
dedicated scientific and support staff that are difficult dedicated scientific and support staff that are difficult 
for individual institutions to put in place and maintainfor individual institutions to put in place and maintain

Operated as user facilities and available to all.  Operated as user facilities and available to all.  
Access determined by peer review of proposals.  No Access determined by peer review of proposals.  No 
cost for cost for precompetitiveprecompetitive, non, non--proprietary work leading proprietary work leading 
to publication; cost recovery for proprietary work.to publication; cost recovery for proprietary work.

CoCo--located at DOE National Laboratories with located at DOE National Laboratories with 
existing major user facilities (synchrotron radiation existing major user facilities (synchrotron radiation 
light sources, neutron scattering facilities, other light sources, neutron scattering facilities, other 
specialized facilities) to provide characterization and specialized facilities) to provide characterization and 
analysis capabilitiesanalysis capabilities

NanoscaleNanoscale Science Research Centers: Basic InfoScience Research Centers: Basic Info
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Unique tools: xUnique tools: x--ray synchrotron ray synchrotron beamlinesbeamlines
with with nanoscalenanoscale resolutionresolution

Unique instruments to study individual nanostructuresUnique instruments to study individual nanostructures

Quantitative structure, strain, orientation imagingQuantitative structure, strain, orientation imaging

Sensitive trace element and chemical state analysisSensitive trace element and chemical state analysis

Joint Joint nanoprobenanoprobe effort effort 
between CNM and the between CNM and the 
Advanced Photon Advanced Photon 
Source at Argonne Source at Argonne 
National LaboratoryNational Laboratory

Similar efforts Similar efforts 
underway via CFN underway via CFN 
and the National and the National 
Synchrotron Light Synchrotron Light 
Source at Brookhaven Source at Brookhaven 
National LaboratoryNational Laboratory
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Examples of industry research at Examples of industry research at NSRCsNSRCs
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H+
H+

H+

H+

H+

H+
H+H+

H+
H+

H+

H+

H+
H+

Chemical Amplification limits? Speed 
enhancement & size reduction by resist 

components preorganization
Speed vs. roughness
Catalytic turnover vs. volume
Transparency vs. switching speed
Dissolution contrast vs. developer

nm interfacial & structural control!

SAM-PAG monomer

SAM-PAG: boosts interfacial 
resist gain & increases catalyst  
concentration to correct profile 
slope from light signal losses 
through depth of material

Corrected 
profile

Sloped 
profile

MS/MS: size & structure assay

1st SAM-Photo-acid generator (PAG) monolayer light 
sensitive catalyst precursor @ interface-to correct profile 
at base of feature
1st Preorganized Resist -precise base & switch 
placement: smooth speed
1st Poly-PAG polymeric light sensitive catalyst precursor 
1st Nano Si & Ge LDI-TOF-MS 4/19/05- nanoparticle 
mass & structure assay

Examples of industry research at Examples of industry research at NSRCsNSRCs

Molecular Foundry at LBNLMolecular Foundry at LBNL
Polymers Facility Polymers Facility –– R. P. R. P. MeagleyMeagley, Intel Corporation, Intel Corporation
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7-channel SQUID signal
of Néel relaxation

Map of binding of superpara-
magnetic nanoparticles

Commercially available 
particles are too small, 
irregularly shaped, 
polydisperse, and 
agglomerated.  Less than 
5% contribute to signal 
(the others are too small).

CINT developed particles 
are larger, lower 
polydispersity, and >50% 
are of the appropriate size 
and contribute to signal.

Examples of industry research at Examples of industry research at NSRCsNSRCs

Senior Scientific LLC Senior Scientific LLC 
is a startup developing is a startup developing 
magnetic detection magnetic detection 
techniques for cancer, techniques for cancer, 
organ rejection, and organ rejection, and 
Alzheimer's plaques; Alzheimer's plaques; 
their technology: their technology: 

Role of CINT (at Sandia and Los Role of CINT (at Sandia and Los 
Alamos National Laboratories):Alamos National Laboratories):

Custom Custom nanoparticlenanoparticle synthesis synthesis 
with optimal sizes, narrow with optimal sizes, narrow 
polydispersitypolydispersity, magnetite , magnetite 
composition and structurecomposition and structure

Developing coatings to allow Developing coatings to allow 
particles to cross the bloodparticles to cross the blood--
brain barrierbrain barrier
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Novel approaches for rapid, reproducible Novel approaches for rapid, reproducible 
measurements and synthesismeasurements and synthesis
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Novel approaches for rapid, reproducible Novel approaches for rapid, reproducible 
measurements and synthesismeasurements and synthesis
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For more information:For more information:

On the NNI:On the NNI:
http://http://nano.govnano.gov

On DOE On DOE nanosciencenanoscience
and and NSRCsNSRCs::
http://http://nano.energy.govnano.energy.gov

……or visit booth #100!or visit booth #100!
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