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Abstract

Electronic components, based on current semiconductor technologies
and operating in radiation rich environments, suffer degradation of their
performance as a result of radiation exposure. Silicon carbide (SiC) provides
an alternate solution as a radiation hard material, because of its wide bandgap
and higher atomic displacement energies, for devices intended for radiation
environment applications. However, the radiation tolerance and reliability of
SiC-based devices needs to be understood by testing devices  under controlled
radiation environments. These kinds of studies have been previously performed
on diodes and MESFETs, but multilayer devices such as bipolar junction
transistors (BJT) have not yet been studied.

In this thesis, SiC material, BJTs fabricated from SiC, and various dielectrics
for SiC passivation are studied by exposure to high energy ion beams with
selected energies and fluences. The studies reveal that the implantation
induced crystal damage in SiC material can be partly recovered at relatively low
temperatures, for damag elevels much lower than needed for amorphization.
The implantation experiments performed on BJTs in the bulk of devices
show that the degradation in deviceperformance produced by low dose ion
implantations can be recovered at 420 oC, however, higher doses produce more
resistant damage. Ion induced damage at the interface of passivation layer and
SiC in BJT has also been examined in this thesis. It is found that damaging of
the interface by ionizing radiation reduces the current gain as well. However,
for this type of damage, annealing at low temperatures further reduces the gain.

Silicon dioxide (SiO2) is today the dielectric material most often used
for gate dielectric or passivation layers, also for SiC. However, in this thesis
several alternate passivation materials are investigated, such as, AlN, Al2O3

and Ta2O5. These materials are deposited by atomic layer deposition (ALD)
both as single layers and in stacks, combining several different layers. Al2O3 is
further investigated with respect to thermalstability and radiation hardness. It
is observed that high temperature treatment of Al2O3 can substantially improve
the performance of the dielectric film. A radiation hardness study furthermore
reveals that Al2O3 is more resistant to ionizing radiation than currently used
SiO2 and it is a suitable candidate for devices in radiation rich applications.
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