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Studies on improving the external quantum efficiency of deep ultraviolet light emitting diodes

III-nitride based Deep Ultraviolet Light Emitting Diodes (DUV LEDs) are promising candidates for replacing conventional 
mercury DUV light sources due to being environment-friendly. However, the External Quantum Efficiency (EQE) of the 

DUV LEDs is pretty low at the current stage, primarily attributed to the low internal quantum efficiency (IQE) and Low Light 
Extraction Efficiency (LEE). Therefore, solving the issues hindering the IQE and the LEE is of importance for advancing the 
DUV LEDs towards various applications such as in medical, air and water purification, etc. In this talk, we will review the 
current status and key factors affecting the IQE and LEE of DUV LEDs and present our research on improving both. Examples 
include proposing a charge inverter made of an electrode-insulator-semiconductor. We will demonstrate the effectiveness of 
the charge inverter in improving the whole transport and injection from the p-electrode into the p+-GaN layer/LEDs, which in 
turn will enhance the IQE and the output power. To improve the LEE for DUV LEDs, we propose an inclined sidewall scattering 
structure imbedded with air cavities that is formed by a metal bottom and a flat parallel top (Bottom-metal) and studied its 
light extraction properties using three-Dimensional Finite Difference Time Domain (3D FDTD) simulations. We find that the 
imbedded air cavity helps the bottom-metal structured DUV LEDs to scatter the light into the escape cone via total internal 
reflection and Fresnel scattering, thus avoiding the light absorption from the sidewall metal mirror in the reported inclined 
sidewall metal structure (sidewall-metal). In addition, the unique air cavity having a bottom metal also increases the scattering 
ability of the bottom-metal structured DUV LEDs owing to the fact that light within the air cavity directing downwards will 
be reflected back towards the parallel top interface of the air cavity/AlGaN and will not be subject to total internal reflection.
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