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Electrical Characterization of Extrinsic and Intrinsic Point Defects in GaN

Understanding of point defects is essential to optimize crystal growth and device processes and design
device structures as well as predict device characteristics. Compared to Si or GaAs, understanding as
well as measurement techniques for point defects in GaN is halfway to go. One reason of the difficulty is
the existence of dislocation. Dislocations are known to interact with point defects. In addition,
dislocations also form deep levels in the bandgap. Last 10 years, we have focused on characterization of
homoepitaxial GaN grown on low-threading-dislocation (low-TDD) high-quality GaN substrates to
eliminate the effects of dislocations. We performed systematic studies on E3 (Ec—0.6eV) and H1
(Ev+0.9eV) levels by using deep-level transient spectroscopy (DLTS) and revealed clear one-by-one
quantitative correspondence to Fe and C impurity concentrations. There are extrinsic (impurity-
originated) point defects.

Intrinsic point defects, such as vacancies, interstitials and their complexes, affect device characteristics
as well. During device processes such as ion implantation and reactive etching, intrinsic defects are
introduced. Identification and development of suppression methods are particularly important. We
utilized intentional introduction of intrinsic defects by electron beam irradiation with an energy of >130
keV. Although scattering cross section is quite small, we can introduce Frenkel (vacancy-interstitial) pairs
of N as well as Ga. Uniform defect formation in the depth direction can be possible due to the small
cross section, which is very helpful for analysis. Thanks to mass difference between Ga and N, we can
selectively introduce N vacancy-interstitial pairs by using low energy electron beam. The obtained DLTS
spectra were very complicated, suggesting formation of various complex defects and reaction of defects
during irradiation process. At this moment, we identified deep levels originating from N interstitial for
both n-type and p-type GaN. Based on annealing behaviors, migration energy of the defect is obtained
to be around 2.0 eV. Energy levels of deep levels and migration energy show fair agreements with the
first-principle calculations.
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