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ELECTRICAL AND COMMUNICATIONS SYSTEMS DIVISION

Mission, Vision and Strategic Directions

The technologies of electrical and communications systems are fundamental to the continuing emergence of the nation’s information-based industries and economies in the 21st century. The development of microelectronic devices and their integration into complex systems have transformed our ability to generate engineering solutions for difficult problems.

MISSION:  The mission of the ECS Division is to address fundamental research issues underlying component technologies and intelligent engineering systems, to support the integration of components and systems in a variety of application domains, and to ensure the education of a diverse workforce that will support continued development of technologies as drivers for the global economy.

VISION (FY2002-2006):  The ECS Division focuses on the convergence of major technology streams in micro/nanoelectronics, communications, computation, and bioelectronics that will result in a myriad of rapid technological changes addressing the following major challenges and opportunities in the coming decade:

· Miniaturization of electronic, magnetic, spintronic, and photonic structures into the nanoscale and quantum regimes.

· New embedded microsystems that integrate MEMS, sensing, imaging actuation, computation, communications and the use of advanced control algorithms for a variety of chemical, biological, biomedical, and environmental applications.

· The confluence of biological and nanoelectronic research as part of an overall thrust in nanobiodevices.

· Wireless technologies breaking the physical tethers that impact critical national communications infrastructure.

· Microelectronic and Information technologies for high temperature, high frequency, and high power applications in automotive, aviation, space, and power industries.

· New methodologies and enabling technologies for ultra-high capacity optical communications, networking, ultra-high density information storage and processing.

· Sensing and distributed sensing systems for applications in medical imaging, environmental remote sensing, buried structure detection, ocean floor mapping, and satellite surveillance. 

· Analytical and high-end computational methods and tools for modeling and simulation of engineering systems of large size and complexity, including sensing and detection, communications and transportation.

· Power and energy related devices, systems and distributed networks.

· Adaptive and neuro-dynamic control and learning that will enable the engineering of intelligent biological and environmental systems involving increased complexity and uncertainty.

ECS recognizes that the education will have an increasingly critical role in continuing economic growth in the nation. The promotion of a diverse and talented workforce in multidisciplinary areas of microelectronics, communications, networks, control systems, and information technology, and the preparation of future generations of outstanding researchers and educators in these areas will be important considerations in ECS investment strategies.  The Division will continue to strengthen and enhance the Research Experience for Undergraduates (REU) and Research Experience for Teachers (RET) program by encouraging and providing supplemental grants to NNUN, ERCs, STCs, and IGERT grantees as well as to the individual investigators of the division’s core programs.  ECS further envisions the development of new and innovative programs that provides students and teachers in K-12 with knowledge, education and training.

PROGRAM STRUCTURE:  The ECS Division is organized around three programs that focus on research issues of device and component technologies, systems and computation technologies, and integrative systems: (1) Electronics, Photonics, and Device Technologies (EPDT), (2) Control, Networks, and Computational Intelligence (CNCI), and (3) Integrative Systems (IS).  The management of these programs involves a teaming approach of program directors to reflect the increasing convergence of traditional disciplinary topics and the need for interdisciplinary approaches to new problem areas. 

PROGRAM STRATEGIES:  The strategic development of ECS programs in research and education is supportive of the NSF themes in information technology, nanotechnology, biocomplexity and the environment, mathematics and the development of a diverse and global workforce in areas of critical national need. ECS programs are also directly supportive of ENG programs and initiatives.

Nanotechnology: The scalable miniaturization of future electronic, spintronic, microelectromechanical, bioelectronic, and multifunctional integrated structures into the nanoscale and quantum regimes will provide the basis for the next generation of integrated devices with significantly enhanced system capabilities as well as entirely new functionality.  Experimental and theoretical studies on high performance nanodevices and nanocircuits will be supported, with an emphasis on systems involving the intersection of diverse disciplines such as nano-electromechanical systems, molecular biology, and information/signal processing. This research can lead to new opportunities in increasingly important research areas of molecular and quantum bit devices, spin electronics, biomedical and bioelectronic nanosystems, molecular computing, and quantum information science.

· Photonics and Optoelectronics: Experimental and theoretical research in photonic materials, devices, transmission media, and system principles will be supported to serve as a foundation for future technological advances.  Special emphasis will be placed on enabling photonic technologies, such as wide-band modulators; switches, agile laser sources and amplifiers, to ensure continued growth in high-bandwidth optical communications networks.  Integrated optical circuits with greater on-chip functionality will be of increasing importance for scalable integrated.optoelectronics. The fundamental principles underlying future technological advances in areas such as coherent sources, solid-state lighting, ultrafast optoelectronics, microwave photonics, terahertz lasers and imaging, nonlinear optical devices and systems, and organic photonic devices will be explored. The emergence of nanoscale photonics will stimulate numerous applications in the deep-UV spectral region.

· Integrated microsystems, hybrid systems, and embedded computation:  Integration of sensors, actuators, and computation into working microsystems with a wide range of applications will evolve new types of engineering systems which integrate computation with physical principles, resulting in new analysis and design requirements.  For example, sensor-intensive systems will be used in a wide variety of applications, from smart structures to environmental sensing and the effective integration of sensing and computation in large sensor arrays is an important theme of future research. 

· Wireless technologies, information networks, and distributed complex systems:  Development of systems principles and technologies for wireless networks with applications to communications, computation, control, sensing, embedded systems and engineering networks.  The wide integration of local and global wireless communications will change the character of many engineering systems.  Distributed network systems principles will support the analysis and design of a wide range of applications from environmental sensing systems to active control of service sector activities. 

· Learning, adaptation, and computational intelligence:  Systems, computation, and algorithms for adaptive and learning systems will emphasize distributed networks, and the study of computational principles.  In its general sense, learning and intelligent systems replace the traditional role of engineering analysis and design for specific functionality.   The engineering of intelligent systems becomes a “meta-design” problem with attendant increase in complexity and uncertainty. 

· Power, Energy and Distributed Networks:  ECS will leverage advanced technologies to promote breakthroughs in the energy sector which facilitate greater reliability, deregulation, use of novel energy sources, and other transitions important to the long-term stability and sustainability of energy markets.  ECS in collaboration with other federal agencies will continue to support electric power systems research, and will encourage a paradigm shift towards value-based dynamic optimization concepts that allows effective and closer interface with market-based management mechanisms.  ECS will also support research in critical technologies, such as sensors and actuators to assist optimal decision-making, power generation, transmission, and distribution that offer low cost and/or high performance.
SUPPORTING PHILOSOPHY:  Within the scope of these technical themes, the ECS Division places special emphasis on identification of emerging areas in science and technology that will result in new research directions.   The Small Grants for Exploratory Research (SGER) are a very effective mechanism for this purpose.  Program Directors are encouraged to seek these opportunities, and Division Director’s funds are made available as a matching incentive for these awards.  Group discussions of candidate SGER awards are particularly fruitful in identifying promising technical areas and high payoff investments.

Cooperative programs among divisions in Engineering, across Directorates, particularly with MPS, CISE and BIO, together with other agencies, including NIH, DOD, and DOE, and encouragement for industry partnerships will continue to provide important new research directions, particularly at the intersection of disciplines.

ECS will continue to emphasize funding of activities that integrate education and research, including the Combined Research and Curriculum Development (CRCD) Program, the funding of summer programs for high school students and teachers from K-12 emphasizing opportunities for minority involvement, and funding of workshops and curriculum development programs in key technical areas. 

The promotion of a diverse and talented workforce for the 21st century will remain an important goal of ECS programs.  ECS will continue to encourage participation of women and underrepresented groups in its research programs.  Special emphasis will continue to be placed on the CAREER and ADVANCE programs, and the use of supplemental awards for REUs and RETs. 

ECS FY 2001 Funding by Major Research Topics

(Million Dollars)

Research Topic
Level of Funding
Nanoscience & Technology, Nanobiotechnology 
$20.8

MEMS, Sensors, Integrated Microsystems, 

Biomedical Applications

Optoelectronics, Photonics, Quantum Electronics,

Communications Devices, Quantum Computing
$8.0

Electromagnetics, Communications, Information

Technology, Plasma Engineering
$7.17

Control Theory and Applications, Non-linear and

Robust Control, Hybrid Systems, 

Sensor-based Control
$6.7

Computational Engineering, Domain-specific 

Computing, Sensor Systems, and Robotics
$2.0

Power and Energy and Distributed Networks
$4.8

Neural Network Computation and Control,

Learning and Self-organizing Systems,

Biologically-inspired Computation
$4.5

____________________________________
______

Total
53.97







