JCOTS Nanotechnology Whitepaper Draft

Nanotechnology is the enabling force behind the next industrial revolution which will
impact nearly every aspect of our lives. In fact, the revolution has already begun. Last
year, thirty billion dollars worth of manufactured goods incorporated nanotechnology.
Commercial products from skin cream and stain resistant clothing to nanoelectronics and

magnetic storage devices are in the market and have entered the Nano is here now.
mainstream. The true potential of nanotechnology, however, has »
yet to be realized in advanced electronics, healthcare, energy, In 2005: $30 billion manufactured

. . oods incorporated nanotechnology.
homeland security and defense. All of these are important g P v

economic sectors for Virginia. To help realize this potential, $
billion was invested worldwide by corporations, governmen
and venture capitalists on nanotechnology research and
development. Companies from the developers and man

By 2014: $2.6 trillion in global
manufactured good will incorporate
nanotechnology.

-LuxResearch 2006

federal laboratories.
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fabrication or imaging at the nanoscale (4Wave, Inc. (Sterling)
s (Chantilly)), to those that make the nanomaterials (Luna

nanoWorks (Dan NanoChemonics (Pulaski) Materials “It°s (nanotechnology) going to impact

Modification, Inc. (McLean), NanoMatrix, Inc. (Richmond), virtually every one of our business areas
P ; and products.”

and NBE (B.Iacksbu g)), and to companies that are or will “Sharon Smith, Director of Technology,

become the integrators and end users of nanotechnology, (see Lockheed Martin Corporation.

insert on page two). (Orlando Sentinel, Sept. 11, 2006)

Microelectronics

Microelectronic devices are now the leading manufactured export of the Commonwealth.
In 2005 the value of memory devices exported ($645.6M) by Micron Technology and
Infineon surpassed tobacco products ($439.5M), it is understood that this is the first time
in the 400 year history of Virginia that a technology product has surpassed agriculture in



export. Nanotechnology is already impacting microelectronics and will continue to
become more significant as electronics get increasingly faster and smaller. The
microelectronics industry drives the application of nanotechnology in high volume
production through the use of materials, structures that approach atomic dimensions to
create new electronic device properties. Virginia companies engaged in nanotechnology
include Micron Technology (Manassas), Qimonda (Richmond), BAE Systems
(Manassas), and NBE (Blacksburg). For example, Micron continues to expand in
Virginia and is investing $1.2 B in 2006 to ramp up production in Manassas, creating
860 new jobs since late 2005, and hiring from our institutes including Virginia Tech,

University of Virginia, Old Dominion, Virginia Commonwealth ,
Northern Virginia Community College. The impact of this inv

individual hires and impacts the economy of the

eorge Mason, and
goes beyond the

surrounding area and the Commonwealth. (See
Micron’s Multiplying effect in Manasas,
Washington Post 9/25/06
http://www.washingtonpost.com/wp-
dyn/content/article/2006/09/24/AR20060924
pf.html )
Important research programs at our universities are
advancing future generations of nanogelectronics,
(see research section below). Cutting e research
in collaboration with industry will help )
maintain and build this economic sector.

Furthermore, there are other efforts focused on the
production, properties, and use of carbonaceous
nanomaterials, at academic institutions across the
Commonwealth such as Luna nanoWorks,
Jefferson Laboratory and NASA Langley.

Sample of Virginia Companies Interested in Nanotechnology

Equipment Manufacturers
4Wave, Inc (Sterling)
Vistec Semiconductor Systems (Chantilly)

NanoMaterials

Luna nanoWorks (Danville)
NanoChemonics (Pulaski)

Materials Modification, Inc. (McLean)
NanoMatrix, Inc. (Richmond)

NBE (Blacksburg)

Coatings and films

CPFilms, Inc (Martinsville)
NanoSonic (Blacksburg)

Materials Modification, Inc. (McLean)

Microelectronics

Micron Technology (Manassas)
Qimonda (Richmond)

BAE Systems (Manassas)

NBE (Blacksburg)

Lifesciences

Abtech Scientific, Inc. (Richmond)

Luna Innovations, Inc. (Blacksburg, Charlottesville)
NanoMatrix, Inc. (Richmond)

Defense

Luna Innovations, Inc. (Blacksburg, Charlottesville)
Lockheed Martin Corporation (Manasas)
NanoSonic, Inc. (Blacksburg)

Northrop Grumman Newport News (Newport News)

Science Applications International Corporation, SAIC (McLean)

Other
Phillip Morris (Richmond)
NanoTITAN (Potomac Falls)

Lifesciences

Nanotechnology will have a profound impact on how we prevent, detect and treat
disease. Nanoscale materials will allow evaluation and treatment at the cellular level. It



http://www.washingtonpost.com/wp-dyn/content/article/2006/09/24/AR2006092400791_pf.html
http://www.washingtonpost.com/wp-dyn/content/article/2006/09/24/AR2006092400791_pf.html
http://www.washingtonpost.com/wp-dyn/content/article/2006/09/24/AR2006092400791_pf.html
http://www.nanotechwire.com/news.asp?nid=955

will be possible, for example, for nanoparticles treated to target cancerous cells to be sent
directly to the tumor leaving healthy cells undamaged, or magnetic nanomaterials with
thereputics may be directed to a point of injury to promote retinal repair. Advanced
imaging will allow detection of disease at a much earlier stage and lab-on-a-chip
technologies will enable rapid and cheap diagnosis in a physician’s office or the field.
Virginia has unique strengths in nanomedicine. Originally developed at Virginia Tech,
Luna has exclusive rights to a new composition of matter called TRIMETASPHERE™
carbon nanomaterials - a fullerene sphere enclosing three metal atoms in a nitride
molecule. The entrapped metals provide unique physical, chemical, thermal, magnetic,
biological, optical and electronic properties that differentiate them.from other carbon
nanomaterials. Luna’s nanoWorks Division is working with i xperts to develop
enhanced Magnetic Resonance Imaging (MRI) contrast age $ billion/year industry)
to reduce toxicity while having increased sensitivity for imaging to detect
disease earlier.

and tissue scaffolds that may be used in wound hea gical applications, and in
rway at VCU and UVA.

nanobioprobes, that are capable of penetratio : at specific sites within single
S ) . Single walled carbon
nanotubes, chemica i i coupled to biological indicator
molecules, enable-the that could be used as alternatives to
whole animal chemical toxicity asse as biological warfare agent detection
and monltor' N . search is strong across V|rg|n|a Wlth efforts

technicians and
lab-on-a chip.

stantial equipment a week, can be made in just thirty minutes with a

Energy
Energy is one of the most significant challenges of our generation. Improvements in the
efficient use of fossil fuels, collection of combustion by-products, development of
alternative energy sources, and conservation efforts will need to be pursued in concert to
meet all of our future energy demand. Nanotechnology will be key to development of
alternative energy sources such as biorenewables, photovoltaics (solar cells), fuel cells,
and wind power. Much of this work, however, remains in the research stage. Nanoscale
catalysts will be critical in the development of biodiesels as well as for improved
combustion Kinetics to facilitate clean coal technologies. Many approaches and materials



are being investigated for photovoltaics, such as improving traditional silicon based
systems with surface modifications and amorphous silicon. Lighter, cheaper, and flexible
organic based photovoltaic systems are of interest and may eventually be incorporated in
windows, paint on buildings, etc. These systems have the potential for a tremendous
impact on local energy production and will affect the way new buildings are designed.
Organic materials such as self assembled monolayers, organic systems involving
fullerenes, carbon nanotubes, titanium oxide nanoparticles and silicon/germanium
quantum dots are under investigation at many of the Commonwealth’s universities and at
Luna nanoWorks. The Surface Meteorology and Solar Energy Project, an applied
science program at NASA-Langley, provides satellite derived solar and meteorological
data which will help show regional viability of solar power an mplement the
research efforts at the universities. Fuel cells may have a tr dous impact on reducing
the country’s dependency on foreign oil. Solid oxide fuel C) may see more

s them to use a
range of combustible fuels such as gasoline, diesel, I : re ideal for
applications such as home use and distributed po

reaction rate kinetics for candidate materials. Anot ng topic area is materials
se in hydrogen or methanol-
based fuel cells. Before the “hydroge i
challenges need to be addressed. Beyo talysts, and reaction

in gas masks as we ightweight protective clothing. Fuel cell and photovoltaic
technologies will enable light, portable power supplies. Nanotechnology is also playing a
role in all forms of vehicles, from enhanced armor, stronger, lighter materials for ships
and aircraft, and in coatings for corrosion control and stealth. (NanoSonic (Blacksburg),
Luna Innovations, (Blacksburg, Charlottesville, Danville), Northrop Grumman
Newport News (Newport News), Lockheed Martin (Manasas)). Advanced electronics
for military applications will involve nanotechnology, in areas such as spintronics,
molecular electronics, quantum dot electronics, and nanotube electronics and will impact
the microelectronics industry (see above) as well as those integrating the technology into
advanced systems. (Lockheed Martin (Manasas), Science Applications International



Corporation, SAIC (McLean), Northrop Grumman Newport News (Newport News),
BAE Systems (Manassas))

Vision Statement: “Position Virginia in the forefront of nanotechnology from research
to manufacturing with the ultimate goal of growing and attracting vibrant nanotechnology
businesses thus creating a multitude of high technology jobs.”

Mission to Achieve Vision A

(These sections to be fleshed out during the remaining JCOTS meetings)

Education and Workforce Development
To prepare the necessary workforce, education n evels. Strong

nanotechnology. Community colleges will be critic
but for educating students working toward transfer to

Just for training technicians,
ear or advanced degrees. The

> been quite successful, drawing students from across the
tions. In the RET programs, however, it is often quite
difficult to find € achers interested in participating to fill the available slots.
Perhaps a mechan as professional education credits would encourage teachers to
participate.

At the undergraduate level, there are several courses being offered that focus on
nanotechnology. Several universities have received Nanotechnology Undergraduate
Education awards from NSF, including JMU, VT, and UVA. These programs enable the
development of classes and/or laboratories that focus on nanotechnology. The program
at James Madison University has integrated nanotechnology throughout the chemistry
curriculum. A unique aspect of their program is the use pre-service science teachers
(upper level teaching students) as laboratory assistants in the nanotechnology laboratory
classes to give them exposure to nanotechnology as well as experience running a lab.



The organization and operation of a chemistry laboratory is often a difficult skill for new
teachers to obtain and master. This program not only impacts the chemistry students at
JMU, but the middle and high school students that are subsequently taught by the trained
teachers also benefit and the exposure to nanotechnology is much broader.

The development of asynchronous undergraduate engineering degree programs to support
nanotechnology and electrical engineering is required to support the increasing need of
working professionals in Virginia’s microelectronics industry who want to pursue
Bachelors degrees while working shift schedules. These programs would support
continued professional development needs across the Commonwealth.

Graduate level nanotechnology courses are being offered as
engineering curriculum at our institutions. A Certificate
professionals is offered by George Mason University.
Foundation Partnership for Innovation ($600,000)
University, the College of William & Mary, Old

of the science and

Graduate Engineering Program, CGEP. CGEP also ed some funding from the
i am to deliver shared

Research

Virginia’s academic in 3
) ~ elopment that support each of these industry

sectors. Excellent , ilities-have been established, but with so

A netwo itical i entation: Nanotechnology research and development
requires state esis and fabrication equipment and characterization

Although some general purpose instruments are needed at every institution, it is
unnecessary and unreasonable to duplicate some of the high-end pieces of equipment
critical to this research.

Over the past 5 years, a solution to this issue has frequently been proposed: a “virtual
center” was proposed as VMEC was being founded; more recently, a users network was
suggested by a working group commissioned by VRTAC to develop a white paper for
nanomanufacturing in 2003. In May 2006, the same concept was presented to VRTAC
outlining the need to establish a cooperative network of state-of-the-art characterization
and fabrication facilities at academic institutions across the Commonwealth. The key
elements required to form this network are the identification of existing instruments to be



included, development of policies to enable assess, a one time purchase of a few critical
instruments currently unavailable in the Commonwealth, a mechanism for future annual
purchases and upgrades (i.e. a targeted ETF), and sustained support for the operating
scientists that are necessary to maximize the potential of this equipment. There exists a
strong foundation, however, and many facilities with excellent capabilities are present.
Virginia Commonwealth University, the University of Virginia, and Virginia Tech have
cleanroom facilities which encompass micro and nanoelectronics research and are
equipped with state-of-the art semiconductor deposition, fabrication, and testing
equipment. Relevant facilities and equipment (with cleanrooms in some cases) also exist
at James Madison, William and Mary, Old Dominion, Norfolk State, the Applied
Research Center (ARC) located next to Jefferson Laboratory, ason, NASA
Langley and across the Commonwealth.

Potential Research Directions to be discussed at Oct 3"

all of these areas involve nanotechnology, this is tech
Advisory Committees aware of other statewide acti

Energy, Conservation and the Envi
e Alternative Energy

« Biorenewables (UVA, VT, J

Fuel Cells (VT, UVA, VCU, JN

, GMU, HU, NASA)

(VT, UVA, WM, JMU GMU)

olicy

in Virginia
d systems (UVA, VT, VCU, ODU, WM, IMU, GMU)
, VCU, GMU, VT, NSU)

Quantum Dot Electronics (UVA, VCU, VT, ODU)
Nanotube-based Electronics (VT, ODU, VCU, UVA, JMU, WM, GMU, JLAB,

NASA)

Lifespan Biology and Medicine
e Biological Processes (UVA, VCU, JIMU, EVMS, GMU)
e Regenerative Medicine (UVA, VCU, VT, WM, JMU)
e Diabetes/Obesity (VT, UVA, EVMS, GMU)
e Cancer and the Virginia Biomarker Network (EVMS, WM, VCU, VT, GMU,
ODU, JMU, UVA)
e Healthy Aging (EVMS, UVA, GMU, WM)



Business Development

Over the past couple of years, we have discussed as a committee many issues related to
business development and looked at other state’s activities as potential models, such as
the Ben Franklin Technology Partners in Pennsylvania,( http://www.benfranklin.org/ ).
We may want a subgroup to look more closely at these models for the roadmapping of
this section. Jim Kadtke recommends an evaluation of innovation-based economic
growth models and preliminary study of innovation activities to create a Virginia
Innovation Initiative. Please see his summary suggestions, also attached.

Virginia has a solid entry into the nanoelectronics business are
investments that companies such as Micron Technology, B
have made in their corporate facilities in Virginia. The o

the major

stems, and Qimonda
echnology markets are
in developing
products. Virginia must work with the existing cor i i continued
investments are made so that Virginia stays a leader i Furthermore,

core expertise to assist in the growth of nanotechno sinesses to build a national
reputation as a leader in nanotechnolog plished by nurturing
nanotechnology companies that compleme isti areas of technical expertise

as it best meets the \ inesses and start-ups in its market niche.
Resources can in

Incentives fc
marketplace.
e Provide mechanisms for small businesses to access to laboratory facilities for
product development to reduce the initial R&D costs.
Business Consulting and Services
e Provide mentoring to small businesses on business finance and management
issues.
e Develop centralized business administration services such as accounting and
human resources.
¢ Identify and promote sales and distribution networks.

t technology transfer from state universities into the


http://www.benfranklin.org/

e Establish networking opportunities, which can include small business forums, the

development of a business-to-business and university-business network.
Policy Development

e Provide data to state legislature on workforce development needs of the
nanotechnology companies in the Commonwealth.

e Work with the Commonwealth to develop policies that stimulate a strong climate
for nanotechnology business start-up and growth and relocation of existing
businesses to Virginia.

Outreach

e Promote nanotechnology businesses and products.

e Promote the pro-nanotechnology business environmen
Virginia

ommonwealth of

Manufacturing
To look at specific incentives and needs to attract maj i ilities or to
keep growing small businesses in Virginia Needs, t
For example, Machinery and Tool T



