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Abstract

The superior characteristics of silicon carbide, compared with silicon,
have suggested considering this material for the next generation of power
semiconductor devices. Among the different power switches, the bipolar
junction transistor (BJT) can provide a very low forward voltage drop, a high
current capability and a fast switching speed. However, in order to compete on
the market, it is crucial to a have high current gain and a breakdown voltage
close to ideal. Moreover, the absence of conductivity modulation and long-term
stability has to be solved.

In this thesis, these topics are investigated comparing simulations and
measurements. Initially, an efficient etched JTE has been simulated and
fabricated. In agreement with the simulations, the fabricated diodes exhibit
the highest BV of around 4.3 kV when a two-zone JTE is implemented.
Furthermore, the simulations and measurements demonstrate a good
agreement between the electric field distribution inside the device and the
optical luminescence measured at breakdown.

Additionally, an accurate model to simulate the forward characteristics
of 4H-SiC BJTs is presented. In order to validate the model, the simulated
current gains are compared with measurements at different temperatures
and different base-emitter geometries. Moreover, the simulations and
measurements of the on-resistance are compared at different base currents
and different temperatures. This comparison, coupled with a detailed analysis
of the carrier concentration inside the BJT, indicates that internal forward
biasing of the base-collector junction limits the BJT to operate at high current
density and low forward voltage drop simultaneously. In agreement with the
measurements, a design with a highly-doped extrinsic base is proposed to
alleviate this problem.

In addition to the static characteristics, the comparison of measured and
simulated switching waveforms demonstrates that the SiC BJT can provide fast
switching speed when it acts as a unipolar device. This is crucial to have low
power losses during transient.

Finally, the long-term stability is investigated. It is observed that the
electrical stress of the base-emitter diode produces current gain degradation;
however, the degradation mechanisms are still unclear. In fact, the analysis of
the measured Gummel plot suggests that the reduction of the carrier lifetime in
the base-emitter region might be only one of the causes of this degradation. In
addition, the current gain degradation due to ionizing radiation is investigated
comparing the simulations and measurements. The simulations suggest that
the creation of positive charge in the passivation layer can increase the base
current; this increase is also observed in the electrical measurements.
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