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1.  Description of Project

Nanotechnology is a broad interdisciplinary area of research that has been growing explosively worldwide in the past few years. The promise of unprecedented control over the material world at atomic, molecular and macromolecular levels underlies its potential for revolutionizing the way in which materials and products are created, developed and manufactured and the range and nature of functionalities that can be accessed by this technology. 

This rapidly evolving field manifests itself in areas such as biology, geology, materials science, engineering, electronics, and medicine, among others, in ways that can have beneficial impacts on everyone. Current investments in nanotechnology are also broad based and growing with a primary focus on basic research that is addressing the fundamental challenges of nanostructure science and engineering. While this level of support indicates the importance of the field, it still addresses primarily the first phase in bringing new nanoengineered products to market. 

The objective of NEXT is to build on and complement basic research investments and advances by providing for a network of facilities that will better understand and address the scale up issues of moving from nanoscience to nanomanufacturing. The “primary nodes” of this network would consist of synthesis facilities, nano-bio facilities, nano-imprint facilities, nano-imaging and metrology facilities, electrical, optical and magnetic measurements facilities, and facilities with complementary capabilities located at academic and/or government laboratories. Network capabilities would be developed to enable remote access and utilization not only between these primary nodes but also to a much larger set of academic, educational and industrial facilities. 

The intent of NEXT is not the development of full-scale commercial products using nanotechnology, an effort that clearly belongs in the purview of the private sector. NEXT speaks to the issue of nanomanufacturing facilities, in the precompetitive environment, that is, in that regime between basic nanotechnology research and commercially available nanoengineered products. It is also important to note that development of an infrastructure such as NEXT is consistent with prior NSF support for efforts such as the MOSIS facility and the National Nanotechnology Users Network (NNUN). 

2. Strategic Intent and Connections to NSF Goals

People-NEXT would significantly enhance and accelerate the development of the scientific and engineering human resource base needed to allow nanotechnology to realize its eventual potential in the commercial marketplace. It would provide scientists and engineers the necessary infrastructure and capabilities to develop enabling tools and facilities essential to support innovative work through concept development, modeling, design, synthesis, characterization, reliability and manipulation of nano-materials and nano-devices, and the integration of materials and devices into practical nano-systems.  It will also provide the infrastructure and logistics for the integration of research and education and for the training of future engineers and scientists, especially in the area of nanomanufacturing.

Ideas-NEXT bridges the gap between basic nano engineering and science research on the one hand, and commercially produced nanomanufactured goods on the other. As such it will be the genesis for a set of new research challenges and opportunities that will arise at this intersection.  It provides the physical capability for scale-up of synthesis, new characterization facilities (including the development of new instrumentation beyond the state-of-the art), new approaches for the determination of properties of materials at the nanoscale, new models and simulation techniques, device fabrication and testing for reliability, system architecture and integration, optimization of process parameters, reproducibility, and robust manufacturing.

Tools-A national network of facilities is needed to realize the promise of our growing research investments in nanoscale science and engineering, and thereby enabling new discoveries in nanotechnology for the benefit of society.  This network would provide interdisciplinary and complementary infrastructure where engineers and scientists can integrate a wide range of electronic, magnetic, optical, structural, mechanical, chemical and biological materials, created and manipulated at the nanoscale, into components to form useful and commercially viable systems.

3. Status and Timeframe of Planning

Basic research in nanotechnology is currently supported by 10 federal agencies through the National Nanotechnology Initiative (NNI) and at NSF through the Nanotechnology Science and Engineering (NSE) Initiative. Recent ENG COV experiences have produced recommendations that NSF look to complement basic research in nanotechnology with infrastructure investments to facilitate the development of precompetitive nanomanufacturing facilities.  ENG’s DMII Division plans to enhance its staff with nanomanufacturing expertise and to develop a program focus on that topic.  Other ENG divisions and DMR have expressed interest in nanomanufacturing and nanomanufacturing facilities as well.

Following up on this interest, two workshops on the concept of NEXT were convened in FY2001.  The first met at the DMII’s Design and Manufacturing Conference in Tampa, Florida in January 2001.  The second met at NSF in February 2001. Over thirty-five experts in nanotechnology participated in these activities and strongly endorsed the development of NEXT concept. Additional workshops are planned to clarify specific facility components and operation.

4. Partnerships Envisioned

The NEXT concept envisions an array of facilities, or “primary nodes” located at academic institutions across the country. . They will be integrated into a network, which will enable access to a broad class of users in academe, government and industry. In particular, it is anticipated that partnerships with government laboratories will be a natural outgrowth of this activity. Both teleobservation and teleoperation capability will be provided to facilitate access.  These features will be similar to the capability available in the NEES network.  NEXT will thereby comprise a partnership between academe, government and industry.  Involvement of institutions serving underrepresented populations both as users and facility nodes will be a very high priority.  Involvement of the K-12 community will also be strongly encouraged through outreach activities such as RET supplements and similar mechanisms. 

5. User Community and Its Access to NEXT

The interdisciplinary nature of Nanotechnology translates to a very broad user community involving all engineering disciplines and members of the physical, chemical, biological, computer and social sciences. The focus on a wide networked capability will facilitate access to specialists from academe, K-12 education, government and industry.   

6. Expected Outcomes and Impacts

NEXT will provide a capability that does not currently exist in this country or elsewhere in the world.  It will provide a critical link between basic research in nanotechnology and the ultimate commercialization of nanoscale devices and systems. 

In terms of People, NEXT will provide research opportunities for engineering and science academics, and industry and government personnel.  It will play a significant role in developing the engineering and science workforce for the nanomanufacturing sector.  It can also provide opportunities for the K-12 education pipeline and thereby encourage more Americans to enter science and engineering workforce.   In terms of Ideas, NEXT will support (1) empirical investigation and testing of materials for nanoscience and engineering that can address novel and potentially useful applications (2) development of special processes and novel chemistries for nano-materials and nano-devices based on self assembled structures, and (3) development of systems architectures and product realization that integrate nanomaterials or devices into micro and meso scale components, including design, fabrication, integration and connectivity, and characterization. In terms of Tools, NEXT provides an infrastructure component to the nanotechnology portfolio which will uniquely initiate, impact, and accelerate the development of commercial nanoengineered products for society. 

7. Preliminary Cost and Schedule Estimates

Estimates indicate that $130 million – in constant 2002 dollars – will be required over seven years for acquisition, deployment and installation costs for the NEXT facilities and network. This includes an initial ENG investment of $5M in FY2002 and $125M over a six-year period requested from the MRE account.
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8. Justification for MRE Funding

NEXT is the precursor to commercial manufacturing using nanotechnology. The concept being proposed does not currently exist in the US, and will not be developed without NSF support.  The risk is too high for industry development, and too expensive for individual universities to develop.  In a global sense, the cost of NEXT represents a small investment with an extraordinary potential payoff for the country and society.  It is the right time to make a commitment to this extremely important endeavor if we are to assure that our nation will truly realize not just the scientific, but also the economic promise and potential of this revolutionary technology. 

