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Background and Significance InGaN based material is a promising semiconductor for the emerging 
low cost, high performance solid state lighting due to its wide bandgap energy covering the whole 
visible wavelength. Although tremendous progress has been made for InGaN/GaN quantum well LEDs, 
the performance of such devices in the green, yellow, red wavelength range has been plagued by the 
very low efficiency and “efficiency droop”, i.e. the decrease of the external quantum efficiency with 
increasing current. The underlying mechanism has been extensively investigated. Defects and carrier 
delocalization, polarization field, Auger recombination, carrier leakage, and poor hole transport have 
been identified as some of the most probable causes. Multi-color emission has been realized by using 
InGaN/GaN core-multi-shell and well/disk-in-a-wire structures and by exploring various hybrid 
nanowire heterostructures 
Methodology Radio-frequency plasma-assisted molecular beam epitaxy is used for the growth of 
catalyst-free, vertically aligned InGaN/GaN dot-in-a-wire heterostructures on Si(111) substrates. GaN 
nanowires are formed under nitrogen rich conditions. Due to the superior 3-D carrier confinement 
provided by the vertically aligned InGaN/GaN quantum dots in GaN nanowire, we have demonstrated 
phosphor-free white LEDs with a record high (~ 56.8%) internal quantum efficiency. The devices also 
exhibit zero efficiency droop up to high injection current densities of ~ 640A/cm2 and relatively high 
color rendering properties, that are ideally suited for future smart lighting applications. This work 
constitutes a significant progress for achieving low cost, high performance phosphor-free white LEDs 
utilizing nanowire heterostructures. 

 

 
Figure 1: (a) A 45 degree tilted SEM image of the InGaN/GaN dot-in-a-wire heterostructures. (b) 
Schematic of InGaN/GaN dot-in-a-wire LEDs. (c) The room temperature internal quantum efficiency of 
undoped and p-doped LEDs versus injection currents. The microscopy image of the white LED device is 
shown in the inset. 
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