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Unlike conventional semiconductors, high electron mobility transistors (HEMTs) are field effect 
transistors that take advantage of the electron layer at the interface between two different 
semiconductor materials (with different band gaps). GaN HEMTs are the backbones of many high 
frequency applications [1-8]. There are multiple types of HEMTs, of which, AlGaAs/GaAs types are 
the most common. However, AlGaN/GaN types are of interest due to the wide band gap of GaN and 
the ability of AlGaN/GaN to carry high voltage and current.  The resulting heterostructure exhibits 
superior carrier saturation velocity, thermal conductivity, and high breakdown field, all of which are 
required for high temperature and high speed applications [1-8].  AlGaN/GaN HEMTs are 
significantly different from other HEMT structures due to a very strong piezoelectric effect caused 
by the lattice mismatch between AlGaN and GaN. This lattice mismatch, in addition to spontaneous 
polarization fields, give rise to an interfacial charge that is referred to as a two-dimensional electron 
gas (2DEG) [1-8].  In order to increase reliability and performance of AlGaN/GaN structures, the 
electrical degradation of these HEMTs need to be examined under an electric field bias.  By utilizing 
in situ TEM, we plan to clarify the degradation mechanisms associated with defects at the 2DEG by 
direct observation of their nucleation under applied DC bias. 
 
Experiments will be conducted in order to investigate the drain interface region, piezoelectric-
induced strain, and relaxation trap region in the AlGaN layer beneath the gate region.  A diagram of 
the experimental design for the in situ TEM studies is shown in figure 1.  Samples will be tested 
below, at, and above critical voltage values, which have been experimentally determined to be 
approximately 40V [1-8]. The experiments will allow for the monitoring of the evolution of defects 
associated with GaN HEMT electrical degradation.  Specifically, the data generated will give rise to 
predictive mechanistic models of the evolution of defects under various electrical stress conditions. 
This will contribute to improved reliability of HEMT devices. 
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Figure 1:  Experimental design for in situ TEM degradation studies  
of AlGaN/GaN HEMT device heterostructures.   
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