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ABSTRACT 

Today, AlGaN/GaN high electron mobility transistors (HEMT's) are the most 

promising semiconductor devices for microwave power applications due to a wide band 

gap GaN material and formation of two dimensional electron gas (2 DEG) channel of  

~1e13cm-2 concentration at the hetero-interface. However AlGaN/GaN HEMT's suffer 

from the high gate leakage current, drain current collapse/kink effect and long term 

reliability issues. To utilize the full potential of GaN technology, the physical mechanism 

causing these problems must be understood in order to develop the technology and 

improve the device performance. 

The high reverse gate leakage current in AlGaN/GaN HEMT's, one of the most 

challenging problems with this technology, has been modeled by thin surface barrier and 

thermionic trap assisted tunneling models in the literature. However, inverse temperature 

dependence observed in AlGaN/GaN HEMT's in the temperature range from 100K to 

500K could not be explained by these models. We proposed a virtual gate trap assisted 

tunneling model to predict this anomalous behavior. The virtual gate is formed by the 

capturing of electrons by the surface states present, in the vicinity of gate metal, on the 

un-gated surface of AlGaN/GaN HEMT's. The capture/emission rates of electrons 

by/from the surface states strongly depend upon the surface electric field and 

temperature. Hence, the kinetics of electrons in surface states affect the virtual gate 

length. The effect of electric field and temperature on the virtual gate length has been 

modeled in our study and the inverse temperature dependence of gate leakage current is 

explained the variation in the virtual gate length. This model was extended to explain the 

drain current collapse/kink effect in the AlGaN/GaN HEMTs. 

The drain current collapse, another major hindrance in enabling of GaN HEMT's 

technology, is suggested a trap related phenomenon in the literature. The physical 

location of traps, responsible for the current collapse, is still being debated in academia. 

The neutralization of negative polarization charges present at the top AlGaN surface by 

the positively charged surface state donors are believed to be the origin of high 2-DEG 

concentrations in these HEMT's. In our proposed model, we suggested that these surface 

states play a key role in the drain current collapse/ kink effect. Our earlier developed 
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virtual gate trap assisted tunneling model, for the inverse temperature dependence of 

reverse gate leakage, was applied to simulate the experimentally observed kink effect in 

AlGaN/GaN HEMT's. This model postulates that a high resistance region in the channel 

is formed under the virtual gate. The resistance of this region changes abruptly at critical 

field and has a strong correlation with the temperature. The dynamic behavior of this 

region is responsible for the drain current collapse. This undesirable phenomenon of 

current collapse can be circumvented by choosing proper surface preparation prior to 

Si3N4 deposition. 

To further explore the effect of surface treatment on the reverse leakage current 

and drain current collapse SSPL fabricated AlGaN/GaN HEMT's were used in the study. 

Several order increment in magnitude of the reverse gate leakage current were observed 

in Si3N4 passivated HEMT's in comparison to the un-passivated ones. We propose that 

the formation of a thin Si3N4/AlGaN interfacial layer in the un-gated region provides an 

additional leakage path for surface conduction and may constitute a large component of 

reverse current.  The temperature and field dependence of this surface related component 

of the leakage current has been experimentally verified by Conductance Deep Level 

Transient Spectroscopy (CDTLS), transconductance dispersion and temperature 

dependent reverse gate leakage current. These devices do not show any current collapse, 

but their breakdown voltage was reduced drastically in comparison with the un-

passivated AlGaN/GaN HEMT's. 

The AlGaN/GaN epitaxial layers were also studied by electrical characterization 

by mercury probe system. The dispersion in the Capacitance-Voltage (CV) measurement 

was observed. The surface trap energy levels were extracted from conductance (G/w) 

peaks in the experiment.  
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