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ABSTRACT 

 

Gallium Nitride (GaN) semiconductors are emerging as the next generation of power electronic 

devices. Compared to current Silicon-based devices they have higher mobility, better thermal conductivity, 

and much higher breakdown voltages. Most current commercial GaN devices are grown on non-lattice 

matched substrates including sapphire, Si and SiC. This puts a limit on performance due to large numbers of 

dislocations caused by this mismatch. Recently, pseudo-bulk GaN substrates have become available allowing 

for a reduction in dislocation density of a 100 times or more. 

In growth on mismatched substrates the morphology is dominated by the dislocations. On matched 

substrates there is the potential for very smooth controlled morphology allowing better control of doping and 

alloying. However, it now becomes susceptible to instabilities including step bunching and meandering that 

can impact alloying and electrical properties. Currently, the connection between these various instabilities 

and growth conditions on bulk GaN is limited. This results in difficulties consistently producing devices with 

properties the underlying materials should be capable of. The goal of this work is to make connections to the 

theoretical growth models and provide tools for maintaining desired properties across different growth 

reactors and substrates. 
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