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National Nanomanufacturing Network and InterNano

Establish a network of experts and stakeholders to identify challenges,
solutions, and approaches for a nanomanufacturing roadmap

A catalyst for nanomanufacturing R & D advancement in the US via:
— Cooperative activities (workshops, conference, initiatives)
— An information clearinghouse (InterNano)

To support, and help launch, communities of practice in nanomanufacturing in both
real and cyber space

Mark Tuominen - Director of NNN
Jeff Morse - Managing Director of NNN
Robert Stevens — Web Development
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~ Center for Hierarchical Manufacturing  nsr nanoscale science
) SO | and Engineering Center
I@: UMass Amherst 2006-2016

James Watkins-Director, Mark Tuominen-Co-Director

Snapshot:

* An NSF Nanoscale Science and Engineering Center
o Funded through NSF’ s Division of Civil, Mechanical and Manufacturing Innovation

* $4 million/year in NSF Support
o The CHM is funded by NSF through 2016
* 39 Faculty in 8 disciplines at 6 Institutions (27 Faculty at UMass)
 UMass Amherst (Lead Institute), Michigan, MIT, Rice, Indiana, Mt. Holyoke, Puerto Rico,

Springfield Technical Community College
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- In addition to its own research program, the w .
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manages the National Nanomanufacturing P“h
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NNN Working With Stakeholders to Establish a
Sustainable Nanomanufacturing Ecosystem

NanoMFG
Processes

(Science)

Information * Tools - Know-how * Roadmaps
WA National
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Example NNN Outreach Activities

« NNN Workshops and Conferences e )

— First NNN Nanomanufacturing Summit (May 2009) ”

— Workshop on "Research Challenges for Nanomanufacturing Systems" (Feb. 2008)

— E-Workshop on "Deterministic Doping" for ITRS Roadmap (Nov. 2008) (SRC/NNN)

— Significant coordinating or participating roles in many other nanomanufacturing
events and meetings

— US-EU Workshop on Nanofabrication Technologies for Scaled Roll-to-Roll and
Print Manufacturing (Oct 23-24, 2013 Barcelona)

— Nanoinformatics 2013 (October 15, 2013,Philadelphia, PA)

— Nanomanufacturing Summit 2013 (October 15-17, 3013, Philadelphia, PA)

— Participated in organizing/planning activities for Air Force/Research Lab funded

NanoBioManufacturing Consortium

— NIST-NNN Workshop on Nanofabrication Technologies for Roll-to-Roll Processing(Septemebr 27-28, 2011,
Boston, MA)

— Promoting regional/state initiative strategies in several nanomanufacturing areas

— Lead ISO TC 229 standards project on "Terminology and Definitions for
Nanomanufacturing Processes”
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ISO Terminology Standard Published

TECHNICAL [SO/TS
SPECIFICATION 80004-8

Nanotechnologies — Vocabulary —

Part 8:
Nanomanufacturing processes

Nanotechnologies — Vocabulaire —

Partie 8: Processus de nanofabrication

NN N ational

W Nanomanufacturing
01-1 N Network

156 terms and definitions:
focusing on various types of
nanomanufacturing processes

Sections:
» General terms

» Directed assembly
» Self assembly

» Synthesis

» Fabrication

Tuominen project leader

31 participant countries
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// ~ Nanoinformatics //-

Infecmatics for Nanemanufadtiing
NNN Workshop: October 15, 201 4; Univ. of Pennsylvania

[{4

Workshop Topics

* Informatics to speed development time and lower cost

« What has been developed already and how mature is it?

* Help to identify what data, analysis, and testing has been done
» Some data can be public, others will necessarily be private
 Manufacturing requires satisfying multiple requirements

» Basic research experiments and Design-of-Experiment data

* First principles modeling and statistical modeling
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Nanomanufacturing

Summit 2013

& 12th ' Annual NanoBusiness Conference

October 15-17, 2013 - University of Pennsylvania - Phlladelphla
é§' Nanomgnufacturing gﬂqggn . %‘Penn

Network

Nanomanufacturing /*  Nanoinformatics /-

Summit 2013 e

I Na pess Conference

October 15-17, 2013

+ Co-organized with NanoBCA, UPenn ‘& Penn univ. of pennsyivania -festerhon 5
* 2-days, Plenary, Topical Tracks s <

*  Primary attendees from Industry “‘"’7- r’ & 4
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R2R

Nanofabrication Technologies
for Scaled Roll-to-Roll an
October 23-24, 2013 - Barcelona

Attendees are invited to prepare remarks addressing technical topics such as:

e Generating low-cost, commodity-scale materials sets

° Demonstrating precision cooperative assembly

Utilization of surface directed/guided assembly of critical features via
imprint stamping

Fabrication of ordered hybrid nanocomposites at high rates
Nanoimprint processes

Process integration

Online and off-line metrology

Global R&D efforts and developing manufacturing capabilities, especially
in Europe and the U.S.

Rl N. J =~
éﬁnfgﬁmamg .z:z. CHM — ..'. IC N

Institut Catala
e Nanatecna

nologia

VT

Workshop Outcomes: Needs cited including
*Standards efforts are critical

Metrology remains a challenge

*Process modeling and control needed

*Cluster type public private partnerships desired
*Materials remain limited

Vacuum/thermal processes limited
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Print Manufacturing

Mariona Sanz,

Hans Hartmann Pedersen
Jeffrey Morse
Network

James Watkins
Jouni Ahopelto
Marc Verschuuren
Vivek Subramanian
Antonio Facchetti
Theodor Nielsen
Helmut Schift

Jay Guo

Michael Mihlberger
Stephen Chou

Clivia Sotomayor Torres
Lee Richter

Paul Poodt

Werner Zapka
Carolyn Ellinger
Mark Poliks

Arne Schleunitz

Ken Carter

Ministry of Economics, Catalan
European Commission
National Nanomanufacturing

CHM/University of Massachusetts
VTT/Printocent

Philips

University of California Berkeley
Polyera, Northwestern University
NIL Technologies

PSI/Eulitha

University of Michigan

Profactor

Princeton University

ICN

NIST

TNO/Holst Center

Xaar Corporation

Kodak

Binghamton University/CAMMS
MicroResist Technologies
CHM/University of Massachusetts
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Workshop on Nanofabrication Technologies

for Roll-to-Roll Processing
September 27-28, 2011 - Seaport Convention Center, BostomMA

An Academic-Industry Workshop on Technologies for American Manufacturing Competitiveness

This workshop will bring together invited researchers, institutions, and leading companies involved in roll-to-
roll processing and scalable nanomanufacturing methodologies, to identify and discuss challenges for
successful merging of these technologies in advanced device manufacturing

Technical Topics to be Addresses will include:
*Generating low-cost, commodity-scale materials sets
*Demonstrating precision cooperative assembly
-Utilization of surface directed/guided assembly of
critical features via imprint stamping

*Fabrication of ordered hybrid nanocomposites at high
rates

*Nanoimprint processes

*Process integration

*Online metrology

*Global R&D efforts and developing manufacturing
capabilities, especially in Europe and Asia
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InteriNano

Resources for Nanomanufacturing

Scope

. nanomanufacturing processes

. tools for nanomanufacturing

. nanoscale objects and nanostructured
materials

. nanomanufacturing characterization
techniques

. environmental, health and safety
considerations for nanomanufacturing

. social and economic implications of
nanomanufacturing

. informatics and standards for
nanomanufacturing

. commercialization, regulation and
intellectual property
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- Alternative Test Strategies, Predictive
> Models to Assist Nanomaterials Safety
Assessment

B p 5% D With the exponential growth of engineered nanomaterials
.- . (ENMs) extending from research and development to
commercial products, the daunting challenge of conducting
effective risk assessment and Iife-cycle analysis for these
materials is presented. Of primary concern is the potential for human exposure that
may lead to adverse outcomes, which traditionally utilizes animal studies and specific
protocols to identify exposure nisks. With increasing emphasis on understanding the
basis for adverse outcomes, numerous approaches incorporating predictive modeling
combined with expanded in vitro and short term in vivo studies have fostered a
conceptual shift in toxicological studies of ENMs

Driven by advances In chemical testing methodologies, a new paradigm for
understanding exposure risks for ENMs will combine high throughput screening (HTS)
high content screening (HCS), and predictive modeling to significantly reduce the
reliance on animal studies while increasing the rate of data driven knowledge and the
understanding of nanomaterials. While this should draw a collective sigh of relief from
government regulators and industry alike, specific data are limited to establish
effective policies for risk assessment covering emerging ENMs without the need for
further extensive studies and financial burdens

MOTE.M

iy = New Grayscale Technique Opens a
I ’ I Third Dimension for Nanoscale
- Lithography

Engineers at the NIST Center for
Nanoscale Science and Technology
(CNST) have developed a new technique
for fabricating high aspect ratio three-
dimensional (3D) nanostructures over large device areas
using a combination of electron beam (e-beam)
lithography, photolithography, and resist spray coating
While it has long been possible to make complicated 3D
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Research Library

Inter

Resources for Nanomanufacturing

Browse by Division and Year
Advanced Search
SROWSE Please select a value to browse from the list below
Collections
o |nterNano Collections (1150)
Document Type o |GERT Seminar Series (14)
Latest Additions o Nanomanufacturing Report Collection (647)
Person o Nanomanufacturing Research Collection (368)
» Nanomanufacturing Nanoscale Science and Engineering Centers (594)
Taxonomy = Center for Hierarchical Manufacturing (332)
Year » Center for High-rate Nanomanufacturing (63)
s Center for Nanoscale Chemical-Electrical-Mechanical Manufacturing Systems (200)
o National Nanomanufacturing Network Archive (168)
Deposit an Item » Conferences and Workshops (112)
About the Library » Nanoinformatics 2010 (30)
» Nanomanufacturing Summit 2011 (27)
InterNano » Nanomanufact ng Symmit 2012 (2_‘)

= New England Nanomanufactunng Summit 2010 (30)

Login » NNN Newsletters (56)
Create Account o Science Technology and Society's Nanotechnology and Society Workshops (31)

: This project is supported by the National Science Foundation under Grant No. CMMI 1025020 - .
[Elprints @ &

Center for Hierarchical Manufacturing

Ky v

terNano Nanomanufacturing Library is powered by EPrints 3 which is developed by the School of Electronics and Computer Science at the University of Southampton. More
information an wWar
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All Resources are linked by the taxonomy

Aaramtly
Nanopatterning/Lithography o Stamiind
(SAM)
Nanosphered
Thin
films
Nanoparticles
Rzl 2o-Roll
Manutactuneg

frcing

'8N National .
9.‘”,, Nanomanufacturing
A-x@ Network

» Areas of Application
» Environment, Health, and Safety
Informatics and Standards
v Nanomanufacturing Characterization Techniques

» Nanomanufacturing
» Nanoscale Objects and Nanostructured Materials
» Social and Economic Impacts

Tool development

710 890 your comment

Resources for Nanomanufacturing

Resources Events News

Click on the B 0 expand each ategory Clix on the CWQOry NAME 12 view relatec content

Processes
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ISO: Nanomanufacturing Processes: Major Sections

Taxonomy » General Terms

* Assembly Techniques

* Biological Techniques

* Nanostructured Materials Synthesis Methods
* Deposition Methods

» Etching Methods

 Nanocomposite Manufacturing Methods

* Nanoparticle Synthesis

* Nanopatterning Lithography

* Roll-to-roll Manufacturing Techniques

* Self-Assembly and Directed Self-Assembly
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Future NNN Focus and Industry Outreach

Economic Analysis

Database Assessment Tools for:
* Industry sector trends

- B
'o

o - Y * Supply chain analysis
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AR o Nt el O\ « Data Mining/Analysis
my Ao Qz a “Q ‘?B * Business/Industry Analytics
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E%l R L ] s |_HessJELCH ;
ST T  Economic Impact
= % 13 & 5 * Forecasting
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R - D e J 3
e B Benefits
‘“ ® w.,,ijmg v * Technology matching
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Scalable Nanomanufacturing Technologies
Guiding Questions

What technologies, applications or commercial products are most enabled by nanomanufacturing and
nanofabrication processes?

What are the biggest barriers or process bottlenecks that need to be addressed to realize scaled
nanomanufacturing?

What enabling/emerging process technologies need to be further developed in order to realize scaled
nanomanufacturing?

Are there specific materials and/or metrology needs that are needed to realize scaled nano manufacturing?
What emerging nanomanufacturing processes will impact present manufacturing platforms and infrastructure?

Does an adequate infrastructure (materials, tools, metrology) exist to sustain scaled nanomanufacturing? Where
is more focus needed?

What sorts of partnerships (public, private, academic, consortia) are needed to accelerate progress towards

volume nanomanufacturing? What areas of collaboration between Asia and US institutions may enable the
highest impact to accelerate nanomanufacturing?
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