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Over the last several decades, silicon has been the most important and famous material in modern electronic devices due to its natural abundance, and excellent electrical properties. Although the development of the modern semiconductor technology has been enormously achieved by silicon and its related materials, silicon shows poor light-emitting properties due to its intrinsic nature of indirect band gap. So, gaining light from silicon has been a challenging issue for the past few decades.
In 1990s, strong light emission in electrochemically etched porous silicon and nanostructured silicon had attracted much attention for silicon-based photonic device applications. After the researches have been kept for more than two decades, the main focus of studies has moved to the size independent (SI) aspects at the interfaces or by the doping from the size dependent (SD) one of quantum confinement. Naturally, the fabrication process moves to free-standing silicon quantum dots (Si QDs) fabricated by chemical methods from the electrochemical etching or the physical deposition.
The SD luminescence has an advantage to control the emission wavelength easily by the size variation, however, it limits only the range around to red emission from near IR. On the other hands, SI luminescence has been reported to extend the luminescence to all visible range by using surface modification or doping with various materials. However, its mechanism is not established clearly and has been discussed actively nowadays.
In this presentation, I will introduce our recent efforts on controlling the luminescence properties and elucidating the luminescence origins of Si QDs fabricated by the physical deposition and the chemical methods. The properties of Si QDs are characterized by various microscopic and optical measurements. From the analysis of the result, I will address the luminescence mechanism of doped and surface-modified Si QDs.
