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Breakthrough of the indirect band — gap
limitation for the realization of Si-based laser devices

WANG Qi-Ming®

State Key Joint Laboratory on Integrated Optoelectronics Institute of Semiconductors Chinese Academy of Sciences Beijing 100083  China

Abstract The realization of high efficiency luminescence and stimulated emission is of great significance for
the development of Si-based photonics and advanced Si-based micro-optoelectronics. However the luminescen-
cet efficiency of Si is too low even barely enough to realize stimulated emission due to the indirect energy band
structure. Therefore searching for ways to artificially modify the original Si material properties is an important
project. Many efforts have been made towards this target with different degrees of success including research on
luminescence from B-FeSi, Ge/Si multi-quantum wells dots and supper-lattices the radiative transition be-
tween subband levels in SiGe/Si quantum wells luminescence from nano-scale Si nc —Si  in SiO, rare —
earth RE ion doped SiO, and novel Si-based materials with direct band-gaps and modified chemical bonds.
An effective luminescent device with an SiO, RE active medium and metal-insulator-semiconductor ~ MIS
structure has been successfully fabricated and it is expected that a Si-based laser device will be realized within
this decade through precise design of the device structure and application of new technologies. This would be a
great contribution to the development of Si-based photonics and integrated optoelectronics.
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