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Abstract

4H-SIiC is a promising semiconductor material for highly efficient power
device fabrication. However, the commercialization of 4H-SiC bipolar power
devices has been hindered by the degradation of current characteristic caused by
the expansion of Shockley stacking faults (SSF) under forward biasing of the
devices. The expansion of these SSFs is caused by the glide of the 30°-Si partial
dislocations (PDs) bounding the SSFs. The PD glide is not induced only under
the forward biasing, but also under the irradiation of light as referred to as a
radiation-enhanced dislocation glide (REDG). REDG is also observed in many
other materials such as Si and GaAs, but its fundamental mechanism is not clear.
Therefore, we have investigated the PD glide under the light irradiation by
photoluminescence experiments.

Chapter 1 of this thesis is the introduction. Chapter 2 describes general

characteristics of 4H-SIC and its defects. Chapter 3 presents principles and
experimental configurations of photoluminescence systems employed in this study.
Chapter 4 shows a series of experiments, which leads to conclusions that REDG,
I. e., the PD glide velocity is proportional to the square of the optical excitation
intensity in 4H-SIC. These results were explained by the reduction of the effective
formation energy of the SSF by trapping electron-hole pairs by SSFs. Chapter 5
shows further that the enhancement rate of the PD glide is governed directly by the
light intensity, not by the photogenerated carriers. This fact indicates that the
glide enhancement in 4H-SIC cannot be explained by the widely speculated
mechanism that the energy released by the recombination of electron-hole pairs is
utilized to assist the PD glide. Here the photoionization of PD is proposed to be
the main cause of the glide enhancement. Chapter 6 shows the experimental
finding that the photoluminescence from the mobile PDs under optical excitation is
polarized in the direction perpendicular to their dislocation lines. In contrast, the
PL from the immobile PDs is not polarized. The symmetry of wavefunctions of
carriers trapped around PDs is discussed.

The suppression of the SSF expansion under the current injection is necessary
for the commercialization of 4H-SIC bipolar power devices. The findings
described in this thesis are expected to shed light on research activities to achieve
suppression of the SSF expansion in 4H-SiC bipolar power devices.




