Annex 5
Centre for Semiconductor Heterostructure Research 

Introduction


The present revolution in communication, computing and entertainment has become possible due to tremendous development of faster and smaller semiconductor devices. The enabling technology has been the material synthesis, fabrication techniques and packaging. Very Large Scale Integrated circuits (VLSI) are the monopoly of Silicon. However, III-V Semiconductors (“III-Vs”) are indispensable for the realization of a wide range of applications. Optical communication systems require lasers as well as detectors based on III-Vs. Likewise, this class of materials is dominant in key high frequency electronics components for wireless communication such as mobile telephone systems as well as control systems used in defence and space. Advanced solar cells for use in space as well as terrestrial applications have been made with this group of materials. Compound semiconductor devices dominate the 10-100 GHz range for high power and high frequency requirements with a variety of structures such as HEMT, PHEMT, and MHEMT. Great diversity in the nature and performance of these devices due to selection of materials, thickness and doping in the stack with band gap engineering providing an additional handle to tailor the material to suit the requirement.


During the last two decades, the nitride semiconductors have emerged strongly for high frequency as well as light emission applications. Indeed it is possible to replace household lighting systems with these light emitting diodes (LED) to conserve the power and achieve long life usage. Further, dilute nitrides have emerged from conventional III-V semiconductors such as GaAs or InP by the insertion of nitrogen into the group V sub-lattice, which has profound influence on the electronic properties of these materials and allows a widely extended band structure engineering. This is expected to lead to novel devices, e.g. for optical data transmission, solar cells, biophotonics or gas sensing, some of which are already making their way into the market. (See following Figure)


Electronics based on the existing semiconductor device technologies of          Si and GaAs cannot tolerate greatly elevated temperatures or chemically hostile environments .The wide gap semiconductors SiC and GaN and perhaps sometime in the future diamond with their excellent thermal conductivities, large breakdown fields and resistance to chemical attacks will be the material of choice for these applications. In the optical device arena ever increasing demand for higher density optical disk storage and full colour display are the drivers for wide band gap emitters.
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Higher Speed

Sb-based materials have highest electron and hole mobilities and velocities.

Lower Power Consumption

Sb-based materials have lowest bandgaps and reach electron peak velocity at
lowest electric fields.

Sb-based HBTS provide new, enabling capabilities due to 10-100x
Iimprovement in speed-power product.





Photovoltaic solar cells, which directly convert sunlight into electricity, are made of semiconducting materials. Heterostructure III-V solar cells fabricated on germanium substrates are extensively used by our space organization as they deliver 20% efficiency. More complex multi-junction cells deliver 27% efficiency and special structures have been predicted to deliver 40% efficiency on terrestrial applications. These cells also perform better at elevated temperatures compared to silicon solar cells and hence can be used with concentrators. Thus, photovoltaic application of heterostructures is extremely important for our space as well as terrestrial programmes.


In addition to these proven applications being carried out around the globe with III-V materials, the possibilities of creating low dimensional quantum structures including nano-dots are unending. Due to the lack of necessary sophisticated facilities available in India, we are missing out on all the actions. This proposal is the first step in correcting the situation.
National status

From the above discussion it becomes clear that hetero-structure research holds the key to many areas of applications in future. The national effort in heterostructure research has been pathetically low restricted to only three or four groups. There are only three Molecular Beam epitaxy systems and three MOCVD systems functioning in the whole country. An MMIC fabrication facility has been set up by DRDO at Hyderabad and ISRO is planning to set up a solar cell fabrication facility. On the whole research in semiconducting materials and heterojunctions is minimal and needs a boost particularly in view of its importance in the strategic sectors like space and defence. A very large number of researchers in India do not have access to advanced structures and materials. 
Proposal 


In view of the importance of this area it is proposed to set up a National facility to carry out research in the area of semiconductor heterostructures and related devices and materials. The Centre for Semiconductor Heterostructure Research (CSHR) will provide facilities initially for carrying out advanced research in the areas mentioned below which are important for the national energy and security needs: 

Semiconductor research is capital intensive and requires sustained support both in terms of finances and skilled manpower. CSHR can be based on the model of Nuclear Science Centre, New Delhi where researchers from various universities and institutions in the country are encouraged to actively participate and contribute. The proposed centre will address all aspects from material growth and characterization to theory of material properties, device modeling and fabrication as well as device characterization in a comprehensive way. This will lead to a knowledge base that can be exploited for use in innovative optoelectronic and electronic devices.

· Establishing critical mass of researchers in disciplines that constitute to the technical work packages

· Integrating of knowledge, equipment, man power and technical resources

· Structuring Indian research activities for enhanced efficiency and more economical use of resources.

· Defining key research challenges and initiating joint research

· Establishing strong links with universities to achieve leadership in the innovative technologies based on heterostructure research.

· Initiate, develop, coordinate and promote activities of spreading of excellence.

Thus the Centre will serve important national needs by developing required technologies as well as generating trained and skilled manpower.

Facilities 
Location


The CSHR should be an independent research centre but located close to a premium research institute such as a national research laboratory or an IIT. Since expensive and sophisticated facilities will be housed which will be mostly imported, location should be in a metropolitan city with access to an international airport for ease of operation and maintenance. A committee should be formed to finalize this issue. 

Space and Infrastructure


CSHR should have approximately 10 acres of land space for setting up reasonable facilities and future expansion.


The building will have at least 2000 m2 of clean rooms. Some of the rooms will have to be class 10 or better. Most of the space will have to be at least class 10000.


HVAC, Utilities like high purity gas, liquid nitrogen, deionized water plant, UPS and DG back up for electricity will be required.


The Centre should have adequate building for staff and also a guest house for the visiting scientists and students.

Manpower


We estimate that the Centre should eventually have approximately 50 full time scientists and 50 technical staff. These can be supported by about 15 administrative staff. There should be provision for considerable number of visiting or temporary scientists. All other services such as security and maintenance should be outsourced to contractors.

Equipments


Initially the CSHR will concentrate on the fields mentioned above. It will require equipment for materials growth, device processing, and characterization at every level. 

Materials Growth


Molecular Beam Epitaxy (at least three systems) 



GaN



III-As,Sb


Metal Organic Vapor phase deposition (MOCVD) (at least two systems)



GaN



III-As, P


Hydride Vapour Phase Epitaxy (HVPE)



GaN


Liquid Phase Epitaxy



II-VI compounds
Materials Characterisation


High Resolution X - Ray Diffraction(HRXRD)


Photoluminescence


Fourier Transform Infrared spectrometer


Raman spectrometer


Transmission Electron microscope


Secondary Electron Microscope with EDAX, EBIC, Cathodoluminescence


X ray Photo electron spectroscopy


Atomic Force Microscope, Optical Microscope


Low temperature, High Magnetic field transport measurements

Device Processing


Lithography - Optical


Metallization - Thermal, E beam, Sputtering


Dielectric deposition - Plasma Enhanced Chemical Vapour Deposition

Temperature controlled Furnaces for oxide growth, annealing etc


Etching - Wet chemical and Dry etching


Processing - Ashing


Bonding - Die and wire

Device characterization and Process simulation


Electrical - Current Voltage, Capacitance voltage, microwave measurement systems, solar simulator, 


Workstations, simulation packages 

Funds

It is estimated that Rs.300 crore spread over a period of five years starting year 2008 in the XI plan. This would exclude the land cost. 

Potential and existing applications of Gallium Nitride devices.


Blue, green and white light and UV emitters for (a) traffic lights,       (b) displays, (c) Solid state household lighting.


water, food, air sterilization and detection of biological agents. 


Visible-blind and solar blind photo-detectors


High power microwave devices


High power microwave switches


Wireless communications


High temperature electronics


Terahertz electronics
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