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ABSTRACT 

This dissertation is about carrier dynamics and recombination mechanisms in 

GaInN/GaN green multiple quantum well light-emitting diodes. The goal is to understand 

the limitations in high efficiency green light-emitting diodes for high power general 

illumination. Electroluminescence and photoluminescence spectroscopy are the primary 

methods employed.  

In the first part, I present the temperature evolution of photoluminescence in GaInN-

based green light-emitting diodes. The temperature was varied from room temperature to 

7.7 K. At low temperature, the donor-acceptor pair transition was observed. By a depth-

resolved cathodoluminescence spectroscopy method such a transition was located within 

the n-GaN layer. The photoluminescence efficiency was measured by resonant excitation 

of the quantum wells. Even at low temperature, this quantity was found to be highly 

dependent on the excitation power density and shows a characteristic maximum. The 

power density of maximum photoluminescence efficiency was found to shift to lower 

values with decreasing temperature. Based on the above, an estimate of the upper limit of 

the internal quantum efficiency at room temperature was provided. 

The second part investigates the electroluminescence as a function of variable low 

temperature and current. We found the light-emitting diode is still conductive and 

illuminating at a temperature as low as 7.7 K. From RT to 158 K, the quantum well 

emission shifts to shorter wavelength. This is attributed to the normal band gap shift with 

temperature. From 158 K to 7.7 K it shifts back to longer wavelength. This can be 

explained by temperature induced carrier localization. The external quantum efficiency 

was found to show a maximum between both regimes near 158 K. A possible explanation 

is given by the temperature dependences of recombination mechanism and carrier 

transport. 

The third part shows that the electroluminescence intensity of a light-emitting diode 

was significantly enhanced under a photon bias. The difference in luminescence intensity 

can not merely be attributed to additional photoluminescence. Instead it is attributed to 

the screening of the piezoelectric polarized quantum wells by photon generated electron-

hole dipoles. Such enhancement is found highly dependent on the carrier injection. These 
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findings indicate that the piezoelectric field and carrier loss are highly relevant to the low 

efficiency of the LED.  

The fourth part is about the enhancement of light-emitting diode performance by 

epitaxy on nano-patterned sapphire substrate. GaInN-based multiple quantum well light-

emitting diodes with a peak wavelength of 536 nm were grown on nano-patterned 

sapphire substrates. The partial light output power of the un-encapsulated patterned light-

emitting diode reaches 5.2 mW at 100 mA, almost three times of the reference light-

emitting diode grown on un-patterned sapphire substrate. The maximum internal 

quantum efficiency for the patterned light-emitting diode was 22.2 %, over twice of the 

un-patterned one. From a study of spectral interference patterns and far field patterns, a 

58 % higher light extraction efficiency was found in the patterned light-emitting diode 

over the un-patterned one. A TEM analysis indeed found a lower density of threading 

dislocations in the patterned light-emitting diode. Apparently, the nano-pattern technique 

improves both, the crystal quality and the light extraction.  

 


