
HRTEM Investigation of Microstructural Defects in degraded AlGaN/GaN 

HEMTs 

 
A. C. Lang

1
, J. L. Hart

1
, D. Meyer

2
, J. G. Wen

3
, and M. L. Taheri

1
 

 
1
. Department of Materials Science and Engineering, Drexel University, Philadelphia, PA, 19140 

2
. U.S. Naval Research Laboratory, Washington, DC 20375 

3
. Electron Microscopy Center, Argonne National Laboratory, Argonne, IL 60439 

 

AlGaN/GaN high electron mobility transistors (HEMTs) are among the most promising devices 

for future high-power and radio-frequency applications
1
.  AlGaN/GaN HEMTs exhibit superb 

performance but are limited by their unknown reliability and unpredictable degradation.  These 

devices take advantage of a two-dimensional electron-gas (2DEG) that forms at the interface 

between AlGaN and GaN.  The evolution of strain at this interface plays a very large role in 

device operation.  There are several proposal mechanisms of degradation, including, but not 

limited to, the inverse piezoelectric effect, which describes degradation due to the piezoelectric 

nature of GaN, and electrochemical degradation, which can manifest itself in pit formation at the 

drain side edge of the gate and in metal-semiconductor interdiffusion
2
.  The connecting thread 

between all proposed mechanisms is the depletion of the 2DEG and an increase in leakage 

current resulting in device degradation and ultimately failure.  In our previous work, we observed 

the formation of defects under the drain side edge of the gate during on-state device operation
3
.  

The amount of defects present increased with bias duration and this was related to changes in ID 

and the increase of strain near the AlGaN/GaN interface. 

This work explores the physical degradation present due to failure caused by both source/drain 

voltage driven and gate voltage driven breakdown.  The primary difference between these two 

failure modes is in the electrical-field distribution under the gate contact; this drives different 

mechanisms of failure in electrical studies, but has not been evaluated using physical 

characterization.  We see changes in the strain distribution and defect morphology as a result of 

these two failure modes.  In particular, samples degraded via gate voltage driven conditions 

appear to have more complex defect structures in the AlGaN/GaN interfacial region, figure 1 

shows the typical degraded morphology of these devices.   

 

All samples were prepared using a FEI DB235 Dual-Beam FIB, and thinned to transparency in a 

NanoMill at 300eV.  HRTEM imaging was performed at 200kV using the Argonne chromatic 

aberration-corrected TEM (ACAT) while conventional imaging was performed on a JEOL 2100 

LaB6. Weak-beam dark-field images of the degraded devices are coupled with HRTEM images 

and geometric phase analysis in order to quantify the types of defects present and strain 

evolution throughout the active and high strain regions of the devices.  This research serves to 

improve the understanding of failure mechanisms of GaN HEMTs during operation and can lead 

to improved degradation models and better device reliability.  
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 Figure 1: HRTEM images showing typical morphology of AlGaN/GaN HEMTs a) a pristine 

device showing no visible defects and a clean AlGaN/GaN interface, b) a source/drain voltage 

driven degraded device the interface is marked with defects, and c) a gate voltage driven 

degraded device, the interface is similarly defected as in b) but, in addition, there are dislocations 

present within the AlGaN layer, these dislocations appear to climb through the AlGaN layer. 

 

 

 

 


