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Abstract 

The III-nitride family (AlN, GaN, InN, and their alloys) has been regarded as one of the most 

significant semiconductors, and has therefore been heavily investigated in the past two decades for 

both optoelectronics (light emitting diodes, photodetectors, etc.), and power electronics applications 

(high mobility electron transistor, etc) [1]. Excitingly, the InGaN-based light emitters have 

revolutionized the lighting industry, promoting energy-efficient and eco-friendly modern solid-state 

lighting and lasing technologies. Similarly, by alloying GaN with AlN, we can synthesize AlGaN 

ternary alloys with tunable direct bandgaps from 3.4 eV (GaN) to 6.1 eV (AlN), corresponding to a 

wide UV spectral range from 360 nm to 210 nm, for a broad range of applications including air/water 

purification, UV curing, data storage, optical communication, etc. Hence, the AlGaN alloys have 

attracted enormous attention in the nitride community for use in efficient AlGaN-based UV LED [2,3], 

lasers and photodetectors [4]. In the field of power electronics, AlGaN alloys possess superb material 

properties including large critical electric fields, high electron mobility, and an excellent power figure 
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 of merit, making them very suitable for developing power electronic devices [5]. In this presentation, 

we will focus on the development of AlGaN-based high efficient UV LEDs, UV lasers, UV detectors 

as well as AlGaN/GaN heterojunction based HEMTs. Particularly, we will discuss the successful 

demonstration of the high efficient deep-ultraviolet light-emitting diodes grown on large misoriented 

sapphire substrates, ultraviolet lasers in the form of graded index separated confinement 

heterostructure (GRINSCH), the high photoresponsive solar-blind photodetectors in the form of 

AlGaN-based nanowires, as well as the high performance of HEMT. In the first part, high quality Al1-

xGaxN/Al1-yGayN multiple quantum wells (MQWs) with sharp interfaces and emitting at ~280 nm 

was successfully grown on sapphire substrate with a misorientation angle as large as 4°. Wavy MQWs 

are observed due to step bunching formed at the step edges of the highly misoriented substrate. A 

significantly enhanced photoluminescence intensity (at least 10 times higher), improved internal 

quantum efficiency over 90%, and a much longer carrier lifetime were achieved for QWs grown on 4° 

misoriented sapphire substrate when compared with that grown on 0.2° misoriented sapphire. 

Importantly, the wafer-level output power of the ultraviolet light emitting diodes on 4° misoriented 

sapphire substrate were nearly doubled. In the second part, we will discuss about the UV lasers in the 

form of GRINSCH. In the third part, we will discuss the research on the solar-blind PDs based on self-

assembled defect-free wide bandgap AlGaN nanowires on the low cost, large-scale silicon substrate, 

demonstrating superior photoresponse capability with high reproducibility, reliability and scalability. 

And in the last part, we will cover recent progress of development of high performance AlGaN/GaN 

based HEMT devices.  
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