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GaN-HEMT technology on silicon substrate finds extensive applications in the
areas of high temperature, high power and high frequency due to the availability of less
expensive and large size substrates. However, there are few serious issues which are yet
to be solved. One among the serious issues is the trap states at different locations
existing in AlIGaN/GaN/Si HEMTs which deteriorates the device performance mainly
due to current collapse and gate leakage respectively. Excessive gate leakage can limit
the breakdown voltage while high current collapse makes the device not good at radio
frequency (1f) conditions. Thus the excess traps limit the high power and high
frequency application of the AIGaN/GaN HEMT.The location of these trap states can be
as AlGaN surface, the AlGaN/GaN hetero-interface and the deep level buffer traps.

The trap states can be due to various factors such as interruption of crystal
periodicity, dangling bonds, interface roughness, dislocations, impurities and defects. |
Therefore, an extensive investigation on the trapping properties of the AlGaN/GaN/Si
HEMT is needed to improve both the crystal quality as well as the device performance.
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In this study, the MOCVD growth of AlGaN/GaN heterostructures on Si using |
thick buffer layers or the super lattice structures (SLS) and consequent improvements in
crystal quality and current transport properties were presented. A detailed XRC
characterization of the AlGaN/GaN HEMT heterostructures grown using thicker SLS
showed lower edge dislocation densities. The Hall measurements revealed high
mobilities of AlGaN/GaN heterostructures grown using thick SLS layers. In additioh,
the trapping properties from frequency dependent conductance analyses showed a
remarkable decrease in fast traps related to the AlGaN/GaN layers confirming
improvements in the crystal quality using thicker SLS. The increase in mobilities is
attributed due to the reduction of dislocation related scattering in the case of HEMT
structures grown with thicker SLS.

A detailed description about preparation of process compatible AlLOs; by
oxidative annealing technique was also discussed. The device characteristics of Al,O3
based AlGaN/GaN MOS-HEMT compared with the normal HEMT shows lower
leakage and higher breakdown voltage. The power device figure-of-merit (FOM) of
AlGaN/GaN HEMT with and without AL,O3 was 1.53 x 10% and 1.89 x 10® V2.2em™
respectively. The B-V and FOM value of MOS-HEMT is the highest reported for any
dielectric at Lgs< 4 pm without using any slant fields or overlapping gate insulators.
Furthermore, the trapping characteristics by frequency dependent conductance analyses
on the MOS-HEMT showed fast traps corresponding to the AlGaN/GaN heterostructure |
and absence of surface related slow traps. The distinct surface related slow traps were
not observed in the case of MOS-HEMT revealing the passivation effects due to the
Al,Os as well as due to surface annealing conditions.

The potential importance of using a thin in-situ MOCVD grown AIN as a
passivating layer for AlGaN/GaN MIS-HEMTs on Si substrates was also presented. The
influence of AIN layer’s growth temperature on surface traps and their role in device
characteristics were also briefly discussed. The trapping properties of AIN/AIGaN/GaN
MIS-heterostructures were analyzed by frequency dependent conductance method. The
results revealed that low growth temperature of AIN layer favor less defect
AIN/AlGaN/GaN MIS-HEMT structures. The device characteristics also support the
results of the conductance analyses.
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