Major Program

Major program is set up to serve the major needs of the national economy, sustainable development of the society and S&T development. It selects scientific issues with strategic significance, assembles innovative human resources, conducts multidisciplinary research, and plays the leading and guiding role for further improving the ability of making indigenous innovation in China’s basic research.

Major Program projects will be implemented in the way of unified planning and the initiation of projects in batches. Research areas for the Major Program will be proposed on the basis of in-depth discussions and soliciting opinions among scientists according to NSFC priority areas. It is focused on the growth points resulting from long term funding of NSFC projects, and it is expected that the achievement of important breakthroughs can be made in key scientific issues through the considerable amount of funding.

In the Eleventh Five-Year Plan period, NSFC only accepts one integrated application for each Major Program, which should includes both the overall application for the Program and proposals for research projects. Proposals involving only part of the research areas or one of the research projects indicated in the Guide of each Major Program will be not accepted. Each application can contain no more than 5 projects, and in general one project should be carried out by one unit, and may not be more than 2 collaborative research units. Collaborative units may not exceed five, and the applicant must be one of the PIs of the projects proposed.

In writing the application form, “Major Program” should be selected in the funding category and “application for Major Program” or “proposals for projects” in the sub-category, and the research area of the Major Program should be indicated in the annotation. The text of the application should be in accordance with the outlines of the Major Program.

According to the Eleventh Five-Year Plan, the guidelines of 3 Major Program projects will be announced in 2009. Accordingly proposals should be refined on key scientific issues with strategic and fundamental significance and put forward clear, concentrated and interdisciplinary scientific targets. Applicants should have their research teams of relative size, excellent facilities and accumulation of research work and academic leaders with international reputation. Each project will be funded with 10 million yuan for 4 years.

Key Mathematical Issues in Information Processing

The development of mathematics tends to intercross and integrate among its sub-branches, and many new interdisciplinary research areas have been emerged in the 21st Century. Many breakthroughs in mathematics indicate the integration of methods in various different disciplines, which is especially true in the intercrossing of mathematics and information sciences. This project focuses on basic issues in mathematics that are necessarily used in the information processing of communication systems and starts with research on key problems in the area of information processing of the next generation communication systems for developing theory and methods in the next generation of information processing, and further promote the intercrossing and merging of research areas concerned.

I. Scientific goals

It is to make full use of the guiding role of basic research for developing new methods and new skills in accordance with various security requirements and mathematical problems in the complex iteration system and computation complexity, as well as image processing and reconstruction of network systems based on the intercrossing and merging of mathematics and information sciences, and promote the intercrossing and integration of research areas concerned in mathematics on the basis of developing basic theory and methods of information processing through solving new mathematical problems in the field of information sciences.

II. Main research contents
1. Multi party security and optimal design in network systems

Theory and algorithm of algebraic coding and decoding, attack resistance of keys in private key and public key systems and computation of multi party security, and application of group and representation in network design and optimization.

2. Iteration and Frame method in information transmission

Iteration system of functions and computational complexity, finite automatic machine and application in information transmission, harmonic analysis theory and application in data compression, signal enhancement and noise reduction, etc.

3. Geometric analysis in image processing and reconstruction

Geometric flow and symplectic geometry and application in image processing and chromatographic imaging technology based on partial differential equations.
The project is jointly proposed by the Department of Mathematical and Physical Sciences and the Department of Information Sciences, and applications will be handled by the Department of Mathematical and Physical Sciences.
Fundamental Research on Organic/Inorganic Hybrid Semiconductor Materials

With the rapid development of information science and technology, semiconductor materials, as the main material foundation, have played a tremendous role for more than half a century and have been promoting the information optoelectronic technology to develop in the directions of being renewable, ultra-fast response, ultra-high capacity and high-level integration. In recent years, with the emerging of energy crisis and the popularity of environmental awareness, there is an increasingly urgent demand for the development of highly efficient optoelectronic and electro-optical conversion semiconductor materials. Simultaneously, semiconductor materials and related devices with simple manufacturing process and reduced energy consumption are highly required. However, it is difficult for the existing semiconductor materials to meet with the above requirements. Since 1980’s, organic/inorganic hybrid semiconductor materials have been developed through structural and functional composition, offering the possibility of combining both advantages of organic and inorganic components. In these composite systems, the organic component offers useful properties such as design diversity, flexibility, easy processing, etc., while the inorganic component offers potential advantages such as high electrical mobility, mechanical and thermal stability, etc., usually resulting in synergetic and optimization effects. Such composite materials are a new type of semiconducting hybrid materials consisting of two or more organic and inorganic components, becoming one of the key materials for the future development of information and energy technologies. A series of new scientific issues, such as new phenomena, new structures and new effects brought about by the composition, must be resolved in order to promote the development of materials sciences. Research on organic/inorganic hybrid semiconductor materials is characteristic of large-span and multidisciplinary intersection and is one of the most active, creative and forward-looking research direction in materials science. Such research belongs to preferential development areas in the fields of information, energy and new materials in "the National Guideline on Medium and Long Term Plans for Science and Technology Development (2006-2020)" and "the Eleventh Five-Year Plan of the National Natural Science Foundation of China".

I. Scientific goals

Fundamental research on organic/inorganic hybrid semiconductor materials should be implemented on the basis of large-span, multidisciplinary and substantive intersection, and the scientific objectives are as follows: to achieve important innovations on the composite principles, composite structures, characteristics of the composite interfaces, photoelectric conversion processes, carrier transport mechanism, structural stability and related theoretical issues of organic/inorganic hybrid semiconductor materials with the discovery of new phenomena, new structures and new effects due to the organic/inorganic composition in focus, to make breakthroughs in key technologies such as the methods for obtaining high carrier mobility, controllable preparation and low-cost processes with emphasis on exploring new principles, new functions and new mechanisms, and to seek world leading innovative achievements in the fields of thin-film transistors, thin-film solar cells (not dye-sensitized type), which are of potential applications.

II. Main research contents
1. Design of organic/inorganic hybrid semiconductor materials and study of easy fabrication process technology with controllable structure
To investigate the adjustment of materials’ micro-structures during the design and preparation processes. The introduction of innovative composition means and easy preparation and processing methods will be highly encouraged.

2. Research on the surface and interfacial properties of organic/inorganic hybrid semiconductors
To study, in combination with theoretical simulation, the surface and interface structures and characteristics, photoelectric conversion processes as well as the carrier injection and transport mechanisms in different interfaces, in the interfacial buffer layers and in the bulk phases of the composite materials.

3. Study on the structural stability of organic/inorganic hybrid semiconductor materials
To investigate the evolution and control of the structure of organic/inorganic hybrid semiconductor materials as well as the approaches to stabilize the structure under the influence of light and heat.

4. Study on organic/inorganic hybrid semiconductor materials with high carrier mobility
To explore the relationship between the structure and long-distance carrier transport properties of organic/inorganic hybrid semiconductor materials as well as the methods to achieve high carrier mobility. New principles, new functions and new mechanisms will be emphasized.

5. Design and fabrication of organic/inorganic hybrid semiconductor devices
To study the relationship between thin-film morphologic structure and device performance, and to explore the device operation mechanism, device design and device fabrication processes. The integration design and fabrication covering materials and devices will be encouraged.

The project is jointly recommended by the Department of Engineering and Materials Sciences, Department of Chemical Sciences, Department of Information Sciences and Department of Mathematical and Physical Sciences. Proposals will be handled by the Department of Engineering and Materials Sciences.
Research on Quantum Effect and Mechanism in Radiometry Technology

In accordance with the need of next generation of focal plane detection technology and the advantage of research in quantum materials, quantum devices and inferred detection in China, this research is to explore the solution for key scientific problems raised in the material preparation and device performance in developing the next generation of radiometry technology, and foster a research team that has not only frontier knowledge but also capability for developing major national strategic technologies for China and lay a solid foundation for China’s radiometry technology to be in the world leading position. The next generation of focal plane detection technology has the following features: (1) radiometry materials and devices must be provided with multi band (multi color) detection capabilities; (2) longer detection distance and higher spatial resolution; (3) low cost, mini size and high reliable integrated detection, and (4) instant information processing of multi color radiometry signals.

I. Scientific goals

It is to make important innovations for scientific issues, such as photoelectric transformation mechanism of radiometry materials, mechanism of photoelectric coupling devices, mechanism of controlling the transport of photo induced carriers, and the mechanism of photo electric signal amplification. It is to make important breakthroughs for key technologies such as narrow gap semiconductor materials, wide gap semiconductor materials and devices. It is to make important progress for the preparation of several new radiometry materials and application of new effect of devices, and achieve one or two applied demonstrations of high sensitivity radiometry technologies.

II. Research contents

1. Mechanism of quantum characteristics of epitaxial growth at large mismatched heterogeneous interfaces

Research on silicon based heterogeneous epitaxial preparation of inferred multi color mercury cadmium telluride materials, phase transfer model of silicon based mercury cadmium telluride epitaxial sphalerite structure, and photo induced carrier transport model of silicon based multi color mercury cadmium telluride inferred detection device.

2. Mechanism of quantum cascade inferred radiometry, performance and mechanism of detection by new types of quantum amplified composite structures

The generation of photovoltaic quantum cascade inferred radiometry materials, the proclaim of the mechanism of eliminating dark current noise and the preparation of photovoltaic quantum cascade inferred radiometry devices; the preparation of GaAs-InAs base TD-QD, and the development of the principle verification radiometry devices in inferred band range with quantum amplification effect. It is encouraged to explore other composite structures and develop principle verification devices having quantum amplification effect.

3. Studies on new principles for ultra violet and inferred radiometry materials and devices and photoelectric coupling effect of plasma excimer in sub band transition

Integrating AlxGa1-xN in sunlight blind bandwidth and GaN/AlGaN of quantum well sub band transition in inferred bandwidth, to develop method for reducing defect density of AlxGa1-xN and technology of IC preparation, optimize the performance of ultra violet inferred radiometry; study the enhancing effect of light density in different bandwidth by using plasma excimer on metal surface for formulating new schemes for optimization of prototype radiometry devices.

4. Studies on new methods and applications of inferred single photon radiometry

To develop high sensitivity single photon remote sensing quantum devices, and new technology for reducing background noise in multi channel single photon frequency transformation, to make selections of multi longitudinal mode of quantum channel of laser pump using new concepts, and to stabilize transformation single photon frequency and expand its frequency range.

The project is jointly proposed by the Department of Mathematical and Physical Sciences and the Department of Information Sciences, and applications will be handled by the Department of Mathematical and Physical Sciences.
