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AlGaN/GaN High Electron Mobility Transistors (HEMTs) have 

emerged as the most promising candidates for high-voltage 

power switching applications, particularly in 300-1000V volt-

age and above 1MHz frequency domain. Among various GaN 

devices, normally-off E-mode GaN HEMTs with the p-GaN 

gate are the most attractive due to their high gate bias swing 

and simpler process implementation. However, although 

there are some speculations on possible breakdown  

mechanisms, the exact location, and physical mechanism are 

not fully understood. Furthermore, the correlation between 

device electrical degradation and physical degradation in  

p-GaN gate AlGaN/GaN layered E-mode HEMTs is not well 

understood. In this project, we have studied the gate  

reliability of p-GaN gate HEMT devices by DC and AC TDDB 

experiments and used high-resolution transmission electron 

microscopy (TEM) for the detailed analysis of the location 

and nature of the breakdown percolation path, which can be 

correlated with the electrical TDDB data. In addition, we are 

also performing a multimode in-situ TEM failure analysis 

study to monitor the failure event in real-time for a better 

understanding of the actual failure mechanism. A detailed 

analysis of the onset of degradation at the p-GaN gate cap 

will be presented and discussed in this presentation.  
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