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The future is fi lled with possibilities, and breakthrough sciences such as nanotechnology 

are moving us ever closer to the next scientifi c revolution. 

Purdue University is proud to facilitate such progress through the inaugural 

Discovery Lecture Series seminar, “Transforming Society through Emerging Technologies: 

The National Nanotechnology Initiative at Five Years.”

Sponsored by Purdue’s Discovery Park, the Discovery Lecture Series is designed to serve 

as a forum where the nation’s leading experts can share their insights with researchers 

and the general public, helping to promote understanding of the profound implications of 

constantly evolving research and technology. 

I would like to extend a special thanks to each of our panelists for their willingness to 

share insights about the vast potential of nanotechnology. I would also like to recognize 

the generosity and vision of the Lilly Endowment, which has committed more than 

$50 million to Discovery Park endeavors, including the Discovery Lecture Series.

We hope this seminar will both enlighten and inspire all who attend.

Martin C. Jischke

President, Purdue University
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Transforming Society through Emerging Technologies: 
The National Nanotechnology Initiative (NNI) at Five Years

MEDIA PANEL

1:30 p.m.  Giant Ideas for Nano’s Future — Samuel Moore, Senior Associate Editor,  
IEEE Spectrum; Candace Stuart, Editor-in-Chief, Small Times; and Josh Wolfe, 
Managing Partner, Lux Capital

PANEL DISCUSSION

3:00 p.m. NNI Vision and Outcomes — Mihail “Mike” Roco, U.S. National Science and 
Technology Council’s Subcommittee on Nanoscale Science, Engineering and Technology 
and the Senior Advisor for Nanotechnology at the National Science Foundation 

3:15 p.m. Progress in Modeling and Simulation at the Nanoscale  — Peter Cummings, 
John R. Hall Professor of Chemical Engineering, Vanderbilt University, and Director, 
Nanomaterials Theory Institute, Oak Ridge National Laboratory 

3:30 p.m. NNI Impact on Industry — George Scalise, President of the Semiconductor 
Industry Association

3:45 p.m. Establishing a Nanotechnology Business — Richard Brotzman,  
Vice President of Research and Development, Nanophase Technologies Corporation

4:00 p.m. Discussion, Question-and-Answer Session

4:15 p.m. Venture Capital Investments in Nanotechnology — Josh Wolfe,  
Managing Partner, Lux Capital

4:30 p.m. Nanofabrication — R. Fabian Pease, William Ayer Professor of Electrical 
Engineering, Stanford University

4:45 p.m. Engineering in Nanoelectronics — Phaedon Avouris, IBM Fellow and Manager of 
Nanometer Scale Science and Technology, IBM T. J. Watson Research Center

5:00 p.m. Discussion, Question-and-Answer Session
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PUBLIC INTEREST FORUM

5:30 p.m. Welcome — Martin C. Jischke, President, Purdue University

6:00 p.m. Nanotechnology for Cancer Treatment — Gregory Downing, Director, 
Office of Technology and Industrial Relations, National Cancer Institute, National 
Institutes of Health

6:15 p.m. Societal Implications of Nanotechnology — David Guston, Professor 
of Political Science and Associate Director, Consortium for Science, Policy and 
Outcomes, Arizona State University  

6:30 p.m. Public Engagement and Societal Implications — Vivian Weil, Director, 
Center for the Study of Ethics in the Professions, Illinois Institute of Technology

6:45 p.m.  Discussion, Question-and-Answer Session
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From Vision to Reality: The NNI at Five Years 
BY MIHAIL “MIKE” ROCO

Science and engineering are at the heart of the human endeavor leading to a “knowl-
edge society.” They also are the primary drivers of global technological competition. 
The newest key player in this science and technology arena is nanotechnology, the 

ability to organize individual atoms and molecules in both natural and man-made 
systems. It is on the nanoscale, in fact, where the fundamental properties and functions 
of all systems emerge and may be changed. With its ability to control matter on this 
fundamental level, nanotechnology has the potential to transform society by advancing 
our understanding of nature, enhancing industrial productivity and medical care, and 
expanding the limits of sustainable economic growth. 

In 2000, however, we were still asking ourselves if the promise of nanotechnology was 
for real. The answer to this question became clearer over the next several years, until 
finally — in 2005 — industry, businesses, and governments in more than 60 countries 
invested over $8 billion in nanotechnology research and development (R&D) with re-
ported production of over $100 billion. The worldwide rate of increase for both R&D and 
products incorporating nanotechnology has been over 25 percent.

The trigger for this investment came from the National Science Foundation and the 
National Nanotechnology Initiative (NNI) with their long-term and inclusive approach 
in governing nanotechnology. This investment led to strategic programs such as the 
Network for Computational Nanotechnology, which has nearly 9,000 users annually; the 
Institute for Nanoelectronics, which is working on beyond CMOS transistors; and the 
Center of Excellence in Biosciences, which is based out of Purdue University. 

The development of Purdue’s Birck Nanotechnology Center (BNC) as one of the lead-
ing national and international platforms of new technology has symbolic meaning. It 
reflects the transition from a largely fragmented field just a few years ago to one where 
multidisciplinary talent, government and industry resources, and various partnerships 
and business practices come together to address the complexity of nanosystems and 
converging technologies and their integration into applications. The BNC is a measure 
of success of what the NNI foresaw through a “grand coalition” in its 2000 research 
directions report. But the BNC has moved even faster than what was expected five years 
ago. It has reached the critical mass needed for major advancements and international 
leadership in computational nanotechnology and nanoelectronics. It is multidisciplinary; 
has multiagency and industry support (NSF, NASA, DOD, NIH, 21st Century Research and 
Technology Fund of the State, Semiconductor Research Corporation, etc.); does outreach 
with the public; supports research, education, entrepreneurship, and industry; and has 
user facilities. 
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This is part of a national and international effort sparked by the NNI in 2000. The NNI 
has established more than 50 large research and education centers in its first five years. It 
also is supporting approximately 4,000 active R&D projects, yielding over 50 percent of 
patents and highly cited nanotechnology articles worldwide. The NSF alone educated and 
trained about 10,000 students and teachers in 2005. 

Major advances in technology are often marked by the process of convergence and 
divergence of the fields of science and engineering. One of the most significant develop-
ments in modern times is convergence at the nanoscale. With Discovery Park, Purdue 
University will become an engine of this convergence. 

Today, nanotechnology is expanding from passive nanostructured components to 
active nanosystems and from scientific discovery to technological innovation in areas 
such as advanced materials, electronics, and pharmaceuticals. Nanotechnology also is 
expanding to new areas of relevance, such as biomedical, energy, environment, agricul-
ture and food systems, and controlled molecular architectures for manufacturing. And it 
is expanding at the global level and on an accelerating path. For this reason, it is essential 
to have a robust R&D program, select the most suitable investments, anticipate possible 
scenarios, and address societal aspects from the beginning of large R&D investments. 

Currently, the main question is what are the most important challenges to realizing the 
promise of nanotechnology? My response would be promoting transformative nanotech-
nology for human benefit and competitive advantage, aligning nanotechnology projects 
with societal needs and aspirations, and taking a visionary approach in planning and 
keeping the engine of innovation moving through fundamental research in a new era of 
accelerated change and converging technologies. Discovery Park is a new kind of orga-
nization — a multifunctional S&E platform — that is equipped to best address these 
challenges. 
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Mihail “Mike” Roco 

Mihail “Mike” Roco is senior advisor for 
nanotechnology at the National Science 
Foundation and has chaired the U.S. 
National Science and Technology Council’s 
subcommittee on Nanoscale Science, 
Engineering and Technology (NSET) since 
its inception in 2000. He also coordinates 
NSF’s Grant Opportunities for Liaison 
with Industry program. Previously he was 
professor of mechanical engineering at the 
University of Kentucky and held visiting 
professorships at several other universities.

Roco is credited with 13 inventions. He 
has authored or coauthored numerous 
archival articles and 12 books, including 
Particulate Two-phase Flow, Nano-
structure Science and Technology, 
Societal Implications of Nanoscience 
and Nanotechnology, Converging Tech-
nologies for Improving Human Perfor-
mance, and The Coevolution of Human 
Potential and Converging Technologies. 
Roco was a researcher in multiphase sys-
tems, visualization techniques, computer 
simulations, nanoparticles, and nanosys-
tems in the 1980s, and in 1991 initiated the 
fi rst federal government program focused 
on nanoscale science and engineering. He 
also is a key architect of the National Nan-
otechnology Initiative. Under his chair-
manship, the NNI budget has increased 
about tenfold to $1 billion. In addition, he 

coordinated the preparation of the U.S. 
National Science and Technology reports 
Nanotechnology Research Directions 
(1999) and National Nanotechnology 
Initiative (2000).

Roco is a correspondent member of the 
Swiss Academy of Engineering Sciences, 
a fellow of the American Society of Me-
chanical Engineers, a fellow of the Institute 
of Physics, and a fellow of the American 
Institute of Chemical Engineers. He is 
editor-in-chief of the Journal of 
Nanoparticle Research and has served as 
editor for the Journal of Fluids Engi-
neering and the Journal of Measure-
ment Science and Technology. He is 
a member of the Executive Governance 
Board for Sandia and Los Alamos National 
Laboratories, the Review Board for the 
National Research Council Institute 
(Canada), the International Risk Gover-
nance Council, and boards in Europe, Asia, 
and Australia. 

Roco was selected “Engineer of the Year” 
by NSF and the U.S. National Society of 
Professional Engineers in 1999 and again 
in 2004. Among his other honors are 
Germany’s Carl Duisberg Award, a Burgers 
Professorship Award in the Netherlands, 
the U.S. University Research Professor-
ship award, and a 2002 Best of Small Tech 
Award as “Leader of the American Nano-
technology Revolution.” Forbes recognized 
him in 2003 as fi rst among “Nanotechnol-
ogy’s Power Brokers,” Scientifi c American 
named him one of 2004’s top 50 technol-
ogy leaders, and NASA Brief listed him 
among 2005’s Top 50 Innovators. He also 
received the AIChE Forum award in 2005.
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Progress in Modeling and Simulation  
at the Nanoscale
BY PETER CUMMINGS

The synthesis, characterization, and manipulation of nanoscale structures opens up 
a broad range of opportunities in both fundamental and applied science, while also 
posing formidable experimental challenges. Because experimental observations are 

being made at the nanoscale, many such measurements cannot be interpreted without 
a theoretical model of the interaction between the measuring device and the mea-
sured structure (e.g., proximal probes and neutron scattering). Additionally, in order 
to achieve high reproducibility and product quality in the large-scale manufacture of 
nanostructured materials, we need a deep understanding of the connection between 
the manipulation of macroscale processing variables (temperature, pressure, exposure 
time, concentration, etc.) and dynamics at the nanoscale. In view of these considerations, 
theory, modeling, and simulation (TMS) have been expected to play a significant role in 
nanoscience and nanotechnology, ever since the beginning of the National Nanotechnol-
ogy Initiative (NNI)1. The result has been strong interplay between theory and simulation 
on the one hand, and experiment on the other, leading to rapid advances in various areas 
of nanoscience and to improvements in both theory and experiment. 

TMS for nanoscience and nanotechnology involves a wide range of methods, from the 
most fundamental methods based in quantum mechanics, and where the object of study 
might be limited to a few hundred atoms and their electrons, to methods applicable at the 
macroscale, such as fluid mechanics and solid mechanics implemented in finite-element-
based simulations. In between these extremes are methods used to predict the collective 
behavior of hundreds to billions of atoms — where the theoretical basis is statistical 
mechanics and the main simulation tool is molecular dynamics  —  and mesoscale 
methods, which are applicable to materials too complex to be described atomistically but 
that have too much microscale heterogeneity to be described by macroscale methods. 
Successful predictive modeling of nanoscale phenomena usually requires a combination 
of these techniques. A major goal of the nanoscience modeling community is to integrate 
these methods more seamlessly, leading to so-called “multi-scale” modeling capabilities.

The role of TMS has continued to grow in the last five years and is reflected through 
support by NNI funding agencies and the establishment of large-scale TMS efforts within 
several of the major centers supported by the NNI. The outlook for the future of TMS in 
nanoscience is bright indeed, as new theories and new simulation methods implemented 
on increasingly powerful computing platforms continue to expand the classes of materi-
als and nanoscale phenomena that can be reliably predicted by TMS methods.

1 Dixon, D. M., P. T. Cummings and K. Hess, Investigative Tools: Theory, Modeling and Simulation, in  
Nanotechnology Research Directions: IWGN Workshop Report Vision for Nanotechnology in the Next Decade, 
M. C. Roco, S. Williams, and P. Alivisatos, Editors. 2000, Kluwer Academic Publishers: Dordrecht.
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Peter Cummings 

Peter Cummings is the John R. Hall 
Professor of Chemical Engineering at 
Vanderbilt University. He also holds the 
position of distinguished visiting scientist 
in the Chemical Sciences Division at Oak 
Ridge National Laboratory (ORNL) and 
is director of the Nanomaterials Theory 
Institute, part of the ORNL Center for 
Nanophase Materials Sciences. 

Cummings is internationally renowned 
for his research on computational mo-
lecular approaches to predicting physical 
properties in systems of fundamental and 
industrial interest, such as nanostructured 
materials, supercritical aqueous solutions, 
alkane fl uids, polymer solutions, and 
lubricants. He is the author of more than 
250 refereed publications and frequently 
speaks at international conferences. He 
also is the recipient of many awards, in-
cluding the 1998 Alpha Chi Sigma Award 
from the American Institute of Chemical 
Engineers — the institute’s premier award 

recognizing research achievement by a 
single individual over the previous decade. 
He is an editor of the international journal 
Fluid Phase Equilibria, a member of 
the editorial advisory board of Molecular 
Physics, and a member of the editorial 
boards of Molecular Simulation, 
The Journal of Chemical Thermody-
namics, and the Journal of Theoretical 
and Computational Nanoscience. 

Cummings holds an undergraduate 
degree from the University of Newcastle 
in Australia and a doctorate from the 
University of Melbourne. He began his 
fi rst faculty appointment in 1983 at the 
University of Virginia, where he rapidly 
rose through the ranks to become full 
professor in 1991. In 1994, he took a joint 
position as Distinguished Professor of 
Chemical Engineering, Chemistry and 
Computer Science at the University of Ten-
nessee and distinguished scientist in the 
Chemical Sciences Division at Oak Ridge 
National Laboratory. In 2002, he began his 
academic appointment at Vanderbilt Uni-
versity while remaining heavily involved at 
Oak Ridge.
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The Semiconductor Industry  
in the Nanotechnology Era 
BY GEORGE SCALISE

For four decades, the semiconductor industry has distinguished itself by the rapid pace 
of improvement in its products. For example, the DRAM chip developed in 1970 had 
a capacity of 1,000 bits, while contemporary DRAM chips can hold 32 billion bits. 

These improvements have resulted principally from the industry’s ability to exponen-
tially decrease the minimum feature sizes used to fabricate integrated circuits. Equally 
important is the decreasing cost-per-function, which has led to significant improvements 
in productivity and quality of life through proliferation of computers, electronic com-
munication, and consumer electronics. All of these improvements have been enabled by 
large investments in basic research at universities by the federal government, individual 
companies, and consortia. 

In the last two decades, the size of the required investment has motivated industry 
collaboration and spawned many R&D partnerships, consortia, and other cooperative 
ventures. The Semiconductor Industry Association (SIA) has launched several initiatives 
in precompetitive cooperation and research, the latest of which is the Nanoelectronics 
Research Initiative (NRI). The NRI’s 15-year goal is to demonstrate novel computing 
devices with critical dimensions below 10 nanometers, and to develop the necessary 
supporting technologies such as materials, manufacturing methods, architectures, and 
design technologies. The NRI’s first phase is to encourage new ideas, and its second phase 
is to demonstrate proof-of-concept in simple computer circuits. The results will enable 
the semiconductor industry to extend Moore’s Law far beyond the year 2020, when the 
limits of the current technology are reached. The NRI will work closely with the National 
Nanotechnology Initiative (NNI) to achieve its results. 

Meanwhile, the National Science Foundation (NSF) plans to jointly fund a university-
based research program for long-term nanoelectronics exploration. In addition, the NRI 
has announced its first research grants to fund the creation of two new university-based 
nanoelectronics research centers — one in California and one in New York — as well as 
to support research at five NSF nanoscience centers, including the one at Purdue. 

The semiconductor industry’s future success depends on new ideas and innovations. 
The challenge is so formidable that industry, the government, and academia must work 
together to address it. Successful collaboration will contribute to scientific progress that 
is key to national security, improved health, more jobs, a higher standard of living, and 
cultural progress.
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George Scalise

George Scalise is president of the Semicon-
ductor Industry Association (SIA), where 
he directs a staff focused on international 
trade and government affairs, workforce, 
technology, environmental safety and 
health, and communications. 

Scalise came to the SIA from Apple 
Computer, where he served as executive 
vice president of operations. Prior to that, 
he held executive management positions 
at National Semiconductor, Maxtor 
Corporation, Advanced Micro Devices, 
Fairchild Semiconductor, and Motorola 
Semiconductor.

A graduate of Purdue University with a 
bachelor’s degree in mechanical engineer-
ing, Scalise is a highly respected technol-
ogy industry spokesperson who has a 
special interest and expertise related to 
technology, international trade, and com-
petition issues. He was a founding member 
of the Semiconductor Research Corpora-
tion, an industry-funded organization 
that provides resources for precompeti-
tive semiconductor research at American 
universities. 

Scalise currently serves on President 
George W. Bush’s Council of Advisors on 
Science and Technology and is chairman 
of the board of directors for the Federal 
Reserve Bank of San Francisco. He also 
chairs the Executive Committee of the 
Conference of Chairmen of the Federal Re-
serve System, and he serves on the boards 
of Cadence Design Systems, Intermolecu-
lar, iSuppli Corporation, and Dubai Silicon 
Oasis. In addition, Scalise has served on 
the boards of SEMATECH, Semiconductor 
Research Corporation, and the Bay Area 
Economic Forum, and he was a member 
of the Council on Foreign Relations Eco-
nomic Task Force on Japan. 

He participates on advisory committees 
for the Leavey School of Business at Santa 
Clara University, the School of Engineering 
at the University of Southern California, 
and the College of Engineering at Purdue 
University. He is also a member of the 
California Council on Science and Technol-
ogy Fellows Program. He was named a 
Distinguished Engineering Alumnus of 
Purdue University in 2002, and he chaired 
the Secretary of Energy Advisory Board for 
the U.S. Department of Energy. 
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Establishing a Nanotechnology Business 
BY RICHARD BROTZMAN

There are several fundamental needs to consider when transitioning nanotechnology 
discovery into a business and, ultimately, the marketplace. These needs include steady 
cash flow, market focus, the right pool of skills, correct timing, and adequate funding. 

Developers of a nanotechnology business must establish a steady flow of fiscal re-
sources. A mix of government and private funding can support the research phase, where 
the level of funding can remain slow and steady. However, a more public approach is 
required to accelerate the business growth phase. For example, Nanophase Technologies 
Corporation had venture capital support for over five years until our capabilities matured 
and markets were identified, justifying an IPO to acquire the capital needed to grow the 
business. 

A nanotechnology business must also develop a marketing plan. The business must 
critically evaluate and qualify potential markets, identify lead customers within each 
market, and develop a business strategy for successful market penetration. For instance, 
Nanophase offers engineered solutions to meet customers’ specific requirements.

The correct skill set establishes the right chemistry for success. Once potential markets 
are identified, all functional areas must merge — including research and development, 
process engineering, and business development functions — to collectively determine 
how core technologies can serve multiple commercial markets, how to improve and 
evolve the company’s manufacturing technologies, and how to develop new nanomateri-
als and applications that provide value to current and potential customers. Nanophase 
chose to initially focus on applications where nanomaterials improved existing products 
(i.e., cosmetics and coatings) because these applications typically have a shorter time to 
market. However, as we discover market needs, our development focus is shifting to en-
able products such as CMP. Nanophase has learned that nanomaterial solutions not only 
provide improved performance, but also, in many cases, lower overall system costs. 

Timing of both the business plan and research and development activities is critical. 
The duration of the research phase is unpredictable, whereas the growth of a business is 
much more controllable once opportunities are identified. The key is to balance execution 
between sales, scaling processes to meet customer needs, and developing new solutions. 
Integral considerations for turning an idea into a commercial product or service also in-
clude a keen sense of the marketplace, knowledge of intellectual property, and regulatory 
considerations for various industries.

Nanophase developed partnerships with established market leaders in order to 
gain access to international markets. To date, Nanophase has partnerships with BASF, 
Rohm & Haas, and Altana. These partners have also provided financial support to meet 
Nanophase’s capital requirements. For example, BASF loaned Nanophase $1.3 million to 
construct a nanoparticle surface treatment facility. 
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Richard Brotzman

Richard Brotzman is the vice president of 
research and development at Nanophase 
Technologies Corporation. He joined the 
company in 1994 and initiated and led 
applications that provide the foundation 
for Nanophase’s integrated platform of 
commercially scaled nanotechnologies. 
Brotzman’s career has been highlighted by 
success in research and new product devel-
opment, as well as technical and strategic 
management. He holds 16 U.S. and foreign 
patents, with more pending. 

Brotzman holds a BS in chemical 
engineering from Lafayette College in 
Easton, Pennsylvania, an MS in engineer-
ing applied science from the University of 
California, Davis, and a PhD in chemistry 
from the University of Washington. He 
boasts more than 16 years of research 
and applications development in the fi eld 
of nanotechnology, and his background 
encompasses leadership positions with 
Nanophase Technologies Corporation, 
TPL, Inc., and PDA Engineering.
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The Economics of Matter 
BY JOSH WOLFE

My venture partners invest in, write about, and live in the realm of mesoscale physics, 
or, by its more popular nomenclature, nanotechnology. Once poorly understood as 
an ill-defined amalgamation of disparate, atomic-level sciences, nanotechnology is 

now a young media darling whose time has come. Sophisticated investors and corporate 
executives grasp that this is no passing fad. 

Five years ago, we saw salient advances in materials science being neglected as the 
herds stampeded toward enterprise hardware and software and optical networking. We 
were convinced that Nicholas Negroponte would have it wrong, and that soon enough 
people would be trading in their bits for atoms. When our research arm, Lux Research, 
released its first annual “Nanotech Report” in 2001, 98 percent of Fortune 1000 execu-
tives were unable to define “nanotechnology.” Today, nanotechnology has become a 
presidential priority, has taken center stage on CNBC, and has even surfaced as a subject 
of activist chatter and environmental concern. The message from decision makers and 
power players echoed loud and clear and with a sense of urgency — from corporate 
boardrooms on Main Street to corner offices on Wall Street to legislative chambers in 
Washington, DC.

My friend Phil Bond, undersecretary of commerce for technology, gave me an elegant 
analogy between soccer-wunderkind Freddy Adu and the state of the nanotechnology 
industry. Adu is a very young player whose name is frequently in the media, though many 
people don’t know what he looks like and have never seen him play. But most have heard 
he is a rising star — perhaps the greatest to come for the next few years. There’s also a 
good deal of criticism about Adu: that he needs to develop more, that he’s overhyped, that 
he could go overseas in a few years, etc. Nanotechnology has received the same kind of 
positive and negative coverage.

Also recall the movie The Graduate, in which Dustin Hoffman’s character is told that 
one word — “plastics”  — represents the future of business. Today, that word is “nano-
technology.” Just as plastics revolutionized the structural properties of matter — enter-
ing into industries as various as communications, electronics, food and beverage, and 
entertainment — now, nanoscale advances offer the ability to control the structural and 
functional properties of matter. This includes electric, thermal, magnetic, and optical 
properties, which are applicable to every industry imaginable.  
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Josh Wolfe

Josh Wolfe is cofounder and managing 
partner of Lux Capital, focusing on the 
fi rm’s venture investments in nanotechnol-
ogy. He has led Lux’s direct investments 
in Nanosys, Molecular Imprints, and 
Cambrios. He sits on the board of Lux Re-
search, a research and advisory fi rm serv-
ing Fortune 100, government, and buy-side 
clients, as well as on the board of Ang-
strom Publishing, a media joint venture 
with Forbes, Inc. He also serves as an 
advisor to Merrill Lynch on its TechBrains 
Advisory Board. Previously, he worked 
in Salomon Smith Barney’s Investment 
Banking group, Merrill Lynch’s Financial 
Futures and Options/Government Strategy 
Group, and Prudential Securities’ Munici-
pal Finance department. 

Wolfe was a Westinghouse semifi nalist 
at age 15 and conducted and published 
cutting-edge HIV/AIDS and immunopa-
thology research. He has been published in 
the leading medical/immunology journals 
Nature Biotechnology, Cell Vision, and 
The Journal of Leukocyte Biology. He 
also has contributed to or been acknowl-
edged in numerous published books. He 
graduated with distinction from Cornell 
University with a BS in economics and 
fi nance.

Wolfe has a column in Forbes magazine, 
is the author of the book The Nanotech 
Report, and is editor of Forbes’ fastest-
growing monthly investment publication, 
the Forbes/Wolfe Nanotech Report. His 
public policy work includes cofounding 
the NanoBusiness Alliance — the industry 
organization for nanotechnology — and 
joining President Bush in the Oval Offi ce 
during the historic signing of the 21st Cen-
tury Nanotech R&D Act in December 2003. 

Wolfe has been an invited speaker at 
more than 150 events, including those at 
Harvard Business School, Yale, Columbia, 
Cornell, the Wharton School, the National 
Science Foundation, and the Food and 
Drug Administration. He also has spoken 
in France, Spain, Germany, Canada, the 
United Kingdom, and Singapore. Red 
Herring has called him “Mr. Nano.” Steve 
Forbes has called him “America’s Leading 
Authority on Nanotechnology.” Wolfe was 
honored by Crain’s Magazine as one 
of its “40 under 40” and has appeared in 
Business Week, The New York Times, 
Forbes, The Wall Street Journal, Wired, 
The New York Post, and on CBS News. He 
is a regular guest on CNBC’s Kudlow & 
Kramer, Bullseye, and Closing Bell. 

A native of Brooklyn, Wolfe is a found-
ing member of the junior committee for 
both The East Harlem School at Exodus 
House and New York’s Hospital for Special 
Surgery.
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Nanofabrication 
BY R. FABIAN PEASE

Nanotechnology comprises the techniques for making things small (<100 nm) 
— i.e., nanopatterning — and the resulting applications, ranging from the results of 
undirected nanopatterning such as Goretex, paint, and reactive gold nanoparticles, 

to those of directed nanopatterning such as semiconductor and photonic circuits and ge-
nomic microarrays. Fanciful extensions to useful nanorobots and nanorotating machin-
ery can be discarded, certainly for my lifetime and probably forever.

Nanotechnology predates the NNI by several decades. The late 1950s saw the invention 
of the integrated circuit, the landmark papers by Buck and Shoulders and by Feynman, 
and early examples of nanopatterning by Moellenstedt. I “wrote” a 10-nm feature in 1963. 
In the early 1970s, the quantitative advantages of scaling electronic circuits to smaller 
dimensions were formalized, and fabricating vertical structures to monolayer precision 
through molecular-beam epitaxy and Langmuir Blodgett technology became accepted 
techniques. Also in the 1970s, electron beam lithography became a standard technique 
for pattern generation and demonstrated features down to 5 nm. The throughput limita-
tions of this technique also became apparent. The National Science Foundation set up the 
National Submicron facility during this time as well, and the facility has now morphed 
into the National Nanotechnology Infrastructure Network. 

Nanopatterning has paid off spectacularly for semiconductor circuitry. As features 
are scaled down, the speed of a given circuit has increased linearly and the energy per 
computing function has decreased as the cube of the scaling factor. Unfortunately, the 
equipment now being developed for semiconductors is too expensive and too specialized 
for other applications. The next generation (“45-nm node”) of semiconductor circuit pat-
terning tools will cost $30 million and can only accommodate 300-mm diameter silicon 
wafers partially immersed in water. Alternative nanofabrication techniques include 
nanoprinting, which has evolved into a variety of techniques with capabilities to replicate 
10-nm features at about 1 cm2/s. 

What is still missing is the ability to make and inspect the necessary templates eco-
nomically. I have some ideas — a few of them borrowed from the disk storage industry. 
We also need to be able to place the patterns to sub-10 nm precision and ensure the 
absence of defects. A related challenge is how to fabricate nanostructures on non-flat 
(e.g., doubly curved) surfaces. Non-directed patterning, such as self-assembly techniques, 
can help by rapidly filling in specified areas with nano structures on the sub-25 nm scale. 
When we meet all of these challenges, we will have even more opportunities for pushing 
nanotechnology into a wide variety of applications. 
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R. Fabian Pease

R. Fabian Pease is the William Ayer Profes-
sor of Electrical Engineering at Stanford 
University. He has been a professor at 
Stanford since 1978 and was appointed to 
his current position in 2001.

His group’s areas of research include 
micro- and nano-fabrication and their 
application to electronic and magnetic 
devices and structures. Among other 
achievements, this work has included the 
original demonstration of lithography 
with the scanning tunneling microscope 
and the invention of the micro-channel 
heat sink. 

While on sabbatical in 1993 and 1994, 
Pease conducted research on the synthesis 
of DNA microarrays at Affymetrix 
Corporation. From 1996 to 1998, he was 
assigned to the Defense Advanced Re-
search Projects Agency, where he initiated 
programs in advanced microelectronics 
and molecular-level printing. He has also 
served as a consultant to IBM, Xerox, Etec 
Systems, and Lawrence Livermore Labs, 
and is on the technical advisory boards of 
Ultratech Stepper and Affymetrix. 

Pease is a fellow of the IEEE and has 
served the association in a variety of 
capacities. He is also a member of the 
National Academy of Engineering. With 
his student David Tuckerman, he received 
the fi rst IEEE Paul Rappaport Award. He 
received the IEEE Cledo Brunetti Award in 
2001 for advancing high-resolution pat-
terning technologies, high-performance 
thermal management, and scanning elec-
tron microscopy for microelectronics. His 
other honors include the Richard P. Feyn-
man Prize for Microfabrication, which he 
shared with his student Tom Newman, for 
writing a page of text in a 6-micron square 
with 25 nm linewidths; and a Title A Fel-
lowship from Trinity College, Cambridge. 
He has published more than 200 articles 
and authored several book chapters. 

Pease holds BA, MA, and PhD degrees 
from Cambridge University. His PhD thesis 
was on high-resolution scanning electron 
microscopy. Earlier in his career, Pease 
served as a radar offi cer in the Royal Air 
Force and as an assistant professor of 
electrical engineering at UC Berkeley. He 
also served on the technical staff of Bell 
Laboratories, where he fi rst worked on 
digital television and later led a group that 
developed processes for electron beam 
lithographic mask manufacture, and dem-
onstrated a pioneering LSI circuit built 
with electron beam lithography. 
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Nanotechnology and Nanoelectronics 
BY PHAEDON AVOURIS

Of all of nanotechnology’s possible applications, none is more natural than electron-
ics. For nearly 50 years, progress in electronics has largely been brought about by 
the process of scaling (i.e., the miniaturization of electronic devices). Scaling leads 

to faster, more efficient devices and a higher level of integration. For example, since 1970 
the gate length of a transistor has been decreased by about 1,000 times. In fact, the gate 
length of a transistor dropped below 100 nm in the year 2000, making electronics a fully 
established and immensely successful nanotechnology. 

The increased power of electronics has produced our current information revolution, 
profoundly affecting many aspects of our lives, including the way we work and communi-
cate. Currently, all electronics are based on the general principle of transporting electrical 
charges. As scaling proceeds to smaller dimensions, a number of fundamental physical 
problems and technological difficulties develop. There are several options for overcom-
ing these difficulties and continuing to improve electronics at the device level. A drastic 
option is to abandon the charge transport principle on which current electronics is based. 
In principle, we could use other properties such as the electron spin. Significant research 
is currently devoted to exploring such directions. 

Another choice would be to retain as much as possible of the existing technology and 
circuit architecture and employ a new material with superior characteristics on which to 
base the technology. Furthermore, by employing chemical synthesis of the critical com-
ponents of the device and some form of guided assembly into circuits, the most techni-
cally challenging and expensive fabrication steps may be bypassed. These considerations 
naturally point us to confined, one-dimensional (1D) materials such as carbon nano-
tubes (CNTs) and nanowires. At the length scales used in devices, the electrons do not 
experience any resistance (i.e., the CNTs behave as ballistic conductors). Indeed, single 
molecule CNTFETs have been fabricated with many of their properties far exceeding 
those of silicon MOSFETs. Complementary devices of p- and n-type CNTFETs and logic 
gates have been demonstrated. There are also recent developments on energy-efficient, 
integrated circuits based on a single CNT molecule. The hope is that a unified electronic 
and optoelectronic technology based on CNTs can be developed. Currently, our CNT elec-
tronics effort focuses on the assembly process, and the first results are encouraging. We 
hope that by the time silicon technology reaches its natural limits, the new carbon-based 
technology will be ready to replace it. 
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Phaedon Avouris

Phaedon Avouris is an IBM Fellow and 
manager of nanometer scale science and 
technology at IBM’s T. J. Watson Research 
Center in Yorktown Heights, New York. He 
received his BS from the Aristotelian Uni-
versity in Greece and his PhD in physical 
chemistry from Michigan State University. 
After doing postdoctoral work at UCLA 
and AT&T Bell Laboratories, he joined 
IBM’s Research Division in 1978. 

Over the years, Avouris’ research has 
involved a wide variety of subjects, includ-
ing laser spectroscopy, surface physics 
and chemistry, scanning tunneling mi-
croscopy, atom manipulation, and nano-
electronics. His current research focuses 
on experimental and theoretical studies 
of the electrical properties and transport 
mechanisms in carbon nanotubes, mol-
ecules, and nanowires. The work includes 
the design, fabrication, and study of model 
nanoelectronic devices and circuits. 

Avouris has published more than 300 
scientifi c papers. He has served as adjunct 
professor of chemistry at Columbia 
University and adjunct professor of 
electrical and computer engineering at 
the University of Illinois. He is a fellow 

of the American Academy of Arts and 
Sciences, the American Physical Society, 
the Institute of Physics of the U.K., the 
Academy of Athens, the IBM Academy of 
Technology, the American Association for 
the Advancement of Science, the American 
Vacuum Society, and the New York Acad-
emy of Sciences. He has received the Irving 
Langmuir Prize of the American Physical 
Society, the Medard W. Welch Award of the 
American Vacuum Society, the Feynman 
Prize for Molecular Nanotechnology, the 
ACSIN Nanoscience Prize, the IEEE’s 
Raper Award, the Distinguished Alumnus 
Award from Michigan State University, and 
a number of IBM Corporation “Outstand-
ing Technical Achievement” awards. He is 
coeditor of the Springer-Verlag book series 
on nanoscience and is currently serving 
on the editorial advisory boards of Nano 
Letters, Nanotechnology, International 
Journal of Nanoscience, Journal of 
Nanoengineering and Nanosystems, 
Journal of Computational and Theo-
retical Nanoscience, Surface Review 
and Letters, and the Journal of Electron 
Spectroscopy. 
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Nanotechnology for Cancer Treatment 
BY GREGORY DOWNING, D.O.

Nanotechnology offers a plethora of opportunities for addressing the most complex 
and intractable problems of cancer. In recent years, the National Cancer Institute 
(NCI) has supported innovative studies designed to explore nanotechnology applica-

tions to diagnose, treat, monitor, and prevent cancer. 
Today, nanodevices are detecting cancer at its earliest stages, pinpointing its location 

within the body, delivering anticancer drugs specifically to malignant cells, and deter-
mining whether cancer drugs are killing malignant cells. As research continues and 
nanodevices are evaluated for safety and efficacy, nanotechnology will result in signifi-
cant advances in early detection, molecular imaging, assessment and therapeutic efficacy, 
targeted and multifunctional therapeutics, and the prevention and control of cancer.

Based on promising initial results, in 2004 the NCI launched the Alliance for Nano-
technology in Cancer, a five-year, $144 million initiative aimed at catalyzing a national 
network of multidisciplinary, nanotechnology-based studies and product development 
activities. The alliance is directing research efforts and facilitating partnerships across 
the scientific and research communities and the public and private sectors. These efforts 
capitalize on the multidisciplinary nature of nanotechnology development and will has-
ten the elimination of suffering and death due to cancer.

Each week, an increasing number of papers are published in scientific literature, 
reporting on advances in the field as nanotechnology moves from discovery to clinical 
development to commercialization, combating the No. 1 disease killer in this country.
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Gregory Downing, D.O.

Gregory Downing is director of the Offi ce 
of Technology and Industrial Relations 
(OTIR) within the Offi ce of the Director 
at the National Cancer Institute (NCI), 
National Institutes of Health. In this role, 
he facilitates collaboration among federal, 
academic, and private biomedical research 
sectors to support technology development 
that will yield innovative diagnostic, detec-
tion, and targeted treatment strategies for 
cancer. He also supervises the administra-
tion of grants and contracts for programs 
in nanotechnology, biosensors, therapeutic 
delivery systems, and new technology 
platforms and imaging systems. He serves 
on several committees, including the NCI-
FDA Interagency Oncology Task Force and 
the Biomedical Information Science and 
Technology Consortium. 

Downing began his career at the NIH in 
1994 as a fellow at the National Institute for 
Child Health and Human Development, and 
he subsequently served in the Offi ce of Sci-
ence Policy and Planning as a health science 
policy analyst and deputy director. Today, 
he continues to lead the implementation of 
training and other programs that support 
the research policy goals of the NIH. 

Downing earned his medical degree 
from Michigan State University and his 
PhD in pharmacology from the University 
of Kansas. He completed his residency in 
pediatrics and fellowship in neonatology 
before joining the faculty of the University 
of Missouri-Kansas City in the Department 
of Neonatology at The Children’s Mercy 
Hospital. 

Downing is certifi ed by the American 
Board of Pediatrics in pediatrics and 
neonatology-perinatal medicine. He sits 
on the editorial board of the Journal of 
Maternal-Fetal Investigation and is 
associate editor of Disease Biomarkers. 
He has published numerous articles and 
research in the fi elds of pharmacology 
and medicine and has contributed to 
three books.
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Real-time Technology Assessment
BY DAVID GUSTON

Iwould like to describe a social technology that my colleagues at Arizona State Univer-
sity (ASU) and I call “real-time technology assessment,” which is the core intellectual 
idea and practice behind the recently created and NSF-funded Center for Nanotechnol-

ogy in Society at Arizona State (CNS-ASU). 
Real-time technology assessment (RTTA) is a social technology that relies on fun-

damental understandings of the social, moral, political, and economic dynamics of 
knowledge-based innovation that have developed over the past three decades. These 
understandings reveal the complex, value-laden choices in knowledge production and ap-
plication. The goal of RTTA is to redesign knowledge production and application to make 
these choices more explicit, informed, transparent, accountable, and participatory.

At CNS-ASU, RTTA combines problem-oriented empirical research and dynamics of 
nanotechnology with research on and engagement with the values that both nanoscale 
science and engineering (NSE) researchers and various publics hold. By creating oppor-
tunities for researchers and members of the public to reflect on those values (and on their 
interactions themselves), CNS-ASU hopes to 1) anticipate socio-technical developments 
so that more effective deliberation and social learning can occur earlier in the innovation 
process, and 2) increase the likelihood that decisions and outcomes will be more attuned 
to the needs and aspirations of the broader society. 

In the mid-1970s, the research community in the United States incorporated a new so-
cial technology, lodged in Institutional Review Boards and framed by informed consent, 
aimed at preventing the abuse of human research subjects. In the 1980s, the university 
research community incorporated a new social technology, lodged in offices of technol-
ogy transfer and framed by intellectual property as a measure of economic contribution, 
aimed at improving the connection between academic research and some of society’s 
economic aspirations. 

What I envision for NSE and other emerging technologies is that the public and private 
sector research communities will incorporate a new social technology, lodged in diverse 
collaborations for research, education, and engagement and framed by the reflexive ap-
proach to innovation articulated by RTTA, aimed at improving the vast array of economic 
and noneconomic connections between research and societal outcomes.
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David Guston is professor of political 
science and associate director of the Con-
sortium for Science, Policy and Outcomes 
at Arizona State University. He is also 
director of the Center for Nanotechnology 
in Society (CNS-ASU), an NSF-designated 
Nanoscale Science and Engineering Center. 
CNS-ASU is beginning the fi rst year of 
its fi ve-year, $6.2 million grant from NSF 
to explore the societal implications of 
nanotechnologies.

Guston’s book, Between Politics and 
Science: Assuring the Integrity and 
Productivity of Research, won the 2002 
Don K. Price Prize from the American 
Political Science Association for best book 
about science and technology policy. 

Guston is the North American editor of 
the peer-reviewed journal Science and 
Public Policy, and he is co-vice chair of 
the 2006 Gordon Research Conference on 
Science and Technology Policy.

In 2002, he was elected a fellow of the 
American Association for the Advance-
ment of Science (AAAS), and he is the cur-
rent chair of the AAAS Section on Societal 
Impacts of Science and Engineering. 

Guston holds a bachelor’s degree from 
Yale University and a PhD from MIT. He 
did his postdoctoral training at the Belfer 
Center for Science and International Af-
fairs in Harvard University’s Kennedy 
School of Government. 
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The Rush to Market, Lack of Knowledge,  
and Public Trust
BY VIVIAN WEIL

What should rivet our attention now is the rush to get nano products into the market 
long before the nanoscale phenomena these products exploit are understood. 
Nanoscale materials often present unusual structures and activities as compared 

to ordinary-scale amounts of the same material. Research moves relatively slowly to 
understand how these properties arise and what makes possible the desirable behaviors 
exhibited. Research into consequences, side effects, and by-products that may not be 
desirable is just getting off the ground. Yet, seemingly, new nano products get prompt 
federal regulatory clearance to enter the marketplace.

To illustrate: On December 2, 2005, a company received federal approval to sell cathe-
ters coated with a compound of nanoscale silver particles for use in wounds produced by 
surgery. The company has already begun shipping the devices to companies that welcome 
an alternative to antibiotics. From antiquity, physicians have known about the antiseptic 
powers of silver. But it is not yet clear to scientists how the surprisingly low concentra-
tions of silver in these new nano coatings kill so many bacteria, nor is it clear how the 
remarkable capacity of these coatings to adhere to glass and plastic arises.1

The need for more fundamental knowledge is glaring, as is the need for investigation 
of unwelcome consequences, side effects, and byproducts. Recent studies probing public 
attitudes toward new nano products indicate that the public counts on companies to test 
new products adequately before releasing them to the market. And it relies on the federal 
government to impose regulations as needed to protect the public from new materials 
and devices that pose unacceptable risks.2

The most critical ethical concern at this moment is lack of knowledge, from funda-
mental understanding of the structures and behaviors of nano products to knowledge 
of negative as well as positive features of products in the workplace and marketplace. 
Workers are the first line of exposure. And we need to know whether there are adequate 
procedures in small and large companies and in federal regulatory bodies for determin-
ing when new products may be released. Right now we do not have the knowledge we 
need to clarify other ethical issues. But we know that public trust is essential to the vi-
ability of new technologies, and involvement of the public in the implementation of nano 
discoveries is key.

1 Barnaby J. Feder. “Old Curative Gets New Life at Tiny Scale,” The New York Times, December 20, 2005, p. D5
2 Jane Macoubrie. Informed Public Perceptions of Nanotechnology and Trust in Government, Project on 

Emerging Nanotechnologies, The Pew Charitable Trusts, Woodrow Wilson International Center for Scholars, 
September 8, 2005, pp. 1–26.
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Vivian Weil is director of the Center for 
the Study of Ethics in the Professions and 
professor of ethics at the Illinois Institute 
of Technology. She previously served as di-
rector of the National Science Foundation’s 
Ethics and Values Studies Program. 

Weil concentrates on ethical issues and 
questions of responsibility in engineer-
ing and science. Her publications include 
overviews of and specifi c topics in 
engineering ethics and scientifi c research 
ethics. Among the specifi c topics are 
dissemination and sharing of scientifi c 
and technical information, intellectual 
property, contracting in engineering and 
science, university/industry research 
relationships, ethics in engineering educa-
tion, mentoring, whistle-blowing, and 
emerging technologies. The latter include 
nuclear energy, information technologies, 
biotechnology, and a current concentration 
on nanoscience and technology. Weil made 
presentations about ethics at two NSF 
conferences on the societal implications of 
nanoscience and nanotechnology, and she 
presented at the meeting to launch NSF’s 
National Nanotechnology Infrastructure 
Network call for proposals in January 2003. 

She edited Beyond Whistleblowing: 
Defi ning Engineers’ Responsibilities, co-
edited Owning Scientifi c and Technical 
Information, and helped with a special 
issue of Synthese on applied science. For 
the 2001 volume Trying Times: Science 
and Responsibilities after Daubert, 
she edited the papers, annotated the 
bibliography, and wrote the introduction. 
Her publications in the nano area include 
“Ethical Issues in Nanotechnology” in So-
cietal Implications of Nanoscience and 
Technology (2001), “Zeroing In on Ethical 
Issues in Nanotechnology” in Proceedings 
of the IEEE (2003), and “Ethics and Nano: 
A Survey” in Societal Implications of 
Nanoscience and Technology (2005).

Weil is a founding member of the As-
sociation for Practical and Professional 
Ethics, a charter member of the executive 
committee, and has served as chair of the 
executive committee since 2002. She is a 
member of the American Philosophical 
Association (APA) and has served on a 
number of APA committees. She served 
a term as member of the International 
Council for Science’s Standing Committee 
on Responsibility and Ethics in Science, 
and she is currently serving on a Technical 
Advisory Group (TAG) on nanotechnology 
for the President’s Council of Advisors on 
Science and Technology. She is a fellow of 
the American Association for the Advance-
ment of Science. She serves on editorial 
boards for several journals, including 
Science and Engineering Ethics. She 
received an AB and an MA in philosophy 
from the University of Chicago and a 
PhD in philosophy from the University 
of Illinois at Chicago. 
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Media Panelists
Today’s media panel, titled “Giant Ideas for Nano’s Future,” features discussion 
from national journalists who cover science, business, and technology issues. The 
journalists will discuss the potential for nanotechnology, what types of stories they 
are looking for, public perception about nanotechnology, and the challenges they 
face as journalists covering this dynamic industry. 

Samuel Moore 
Samuel Moore is a senior associate editor at IEEE Spectrum, the flagship monthly 
magazine of the Institute of Electrical and Electronics Engineers. Moore has covered nano-
technology and biomedical technology at Spectrum since 2000. He has been responsible 
for much of the magazine’s reporting of advanced chip-making techniques, quantum com-
puting, new electronic and optical devices, biotechnology, organic and molecular 
electronics, and nanotechnology funding. Moore previously covered process technology, 
specialty chemicals, and electronic materials at Chemical Week. Before pursuing 
journalism, he studied marine snail reproductive behavior at the University of California, 
San Francisco. He holds a BS in biomedical engineering from Brown University and an MA 
in journalism from New York University’s Science and Environmental Reporting Program. 
He is a member of the IEEE and the National Association of Science Writers.

Candace Stuart 
Candace Stuart is editor-in-chief of Small Times, an international business magazine 
and Web site that focuses on nanotechnology. She oversees the editorial staff and publica-
tions at Small Times, where she also contributes as a writer. She originated and now 
produces the annual Small Times state-by-state economic rankings, and launched its 
university rankings in 2005. 

Stuart joined Small Times in 2001 as a founding senior writer, and served as the 
features editor and magazine editor before becoming editor-in-chief in 2005. She previ-
ously worked at the Detroit News as an assistant business editor and as a wire editor on 
the national desk. She began her journalism career at the South Bend Tribune in South 
Bend, Indiana. She holds a master’s degree in journalism from Indiana University with a 
specialty in science writing, as well as a bachelor’s degree in English from Kenyon College.

Josh Wolfe 
Josh Wolfe, cofounder and managing partner of Lux Capital, writes a nanotechnology  
column for Forbes magazine. He also is the editor of the monthly Forbes/Wolfe 
Nanotech Report and the author of the book The Nanotech Report. He is a senior 
associate of the Foresight Institute for Nanotechnology, the coordinator for the Institute 
of Molecular Manufacturing’s Prize in Computational Nanotechnology, and a member of  
the Cognitive Science Society. He graduated with distinction from Cornell University with 
a bachelor’s degree in economics and finance. For more of Wolfe’s credentials, refer to his 
full bio on page 15.
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About Discovery Park
Situated on 40 acres at the west edge of the West Lafayette campus, Purdue’s Discovery 
Park represents a new archetype for research — a perfect example of the kind of 
interdisciplinary environment that produces today’s cutting-edge research. The park has 
attracted more than $200 million in capital and research funding since its inception, and 
it already involves an estimated 850 faculty members.

Discovery Park’s engineers, biologists, economists, and computer scientists — just to 
name a few — are working side-by-side with a common mission in mind. They are 
pooling the insights from their various disciplines to help solve today’s complex 
problems. And they’re generating new ideas, new technologies, new products, and more. 

Discovery Park’s Centers
■ Bindley Bioscience Center 
■ Birck Nanotechnology Center
■ Burton D. Morgan Center for Entrepreneurship
■ Center for Advanced Manufacturing
■ Center for the Environment
■ Cyber Center
■ Discovery Learning Center
■ e-Enterprise Center
■ Energy Center
■ Oncological Sciences Center

The Network for Computational Nanotechnology
Housed within the Birck Nanotechnology Center in Discovery Park, the Network for 
Computational Nanotechnology (NCN) uses advanced theory and simulations to explore 
new ideas for digital switching devices, such as innovative types of transistors, which 
promise to help researchers create future electronics. A major focus of the NCN is to as-
semble diverse teams of researchers to create computer simulations that show the entire 
workings of a design — from its tiniest, nearly atomic-scale basic building blocks, to its 
largest components, which are visible to the naked eye.

The NCN was created in 2002 with a five-year, $10.5 million NSF grant. Other university 
members of the NCN are the University of Illinois, the University of Florida, Norfolk State 
University, Northwestern University, Stanford University, and the University of Texas,  
El Paso. The NCN recently became one of five recipients of an additional $2 million from 
the NSF and the Nanoelectronics Research Corp., with the goal of accelerating nanoelec-
tronics research. 

BIRCK NANOTECHNOLOGY CENTER AT DISCOVERY PARK
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Support from the Lilly Endowment
The Discovery Lecture Series is made possible in part by Lilly Endowment Inc. An  
Indianapolis-based private philanthropic foundation, the Lilly Endowment has com-
mitted more than $50 million to the ongoing development of Purdue’s Discovery Park. 
In 2001, the endowment provided more than $26 million to help launch the park’s first 
interdisciplinary research centers. In 2005, $25 million in grant money helped launch 
four new interdisciplinary research centers and provided operational support for the six 
existing centers. Three members of the Lilly family established the foundation in 1937 
through gifts of stock in Eli Lilly and Company, the family’s pharmaceutical business.
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