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Abstract

The superior characteristics of Silicon Carbide as a wide band gap
semiconductor have motivated many industrial and non-industrial research
groups to consider SiC for the next generations of high power semiconductor
devices. The SiC Bipolar Junction Transistor (BJT) is one candidate for high
power applications due to its low on-state power loss and fast switching
capability. However, to compete with other switching devices such as Field
Effect Transistors (FETs) or IGBTs, it is necessary for a power SiC BJT to
provide a high current gain to reduce the power required from the drive circuit.
In this thesis implantation free 4H-SiC BJTs with linearly graded base layer
have been demonstrated with common-emitter current gain of 50 and open-
base breakdown voltage of 2700 V. Also an efficient junction termination
extension (JTE) with 80% of theoretical parallel-plane breakdown voltage was
analyzed by fabrication of high voltage PiN diodes to achieve an optimum dose
of remaining JTE charge. Surface passivation of 4H-SiC BJT is an essential
factor for efficient power BJTs. Therefore different passivation techniques were
compared and showed that around 60% higher maximum current gain can
be achieved by a newsurface passivation layer with low interface trap density
that consists of PECVD oxide followed by post-deposition oxide anneal in N2O
ambient. This surface passivation along with doublezone JTE were used for
fabrication of high power BJTs that result in successful demonstration of 2800
V breakdown voltage for small area (0.3 × 0.3 mm) and large area (1.8 × 1.8
mm) BJTs with a maximum dc current gain of 55 and 52, respectively. The
small area BJT showed RON = 4mΩcm2, while for the large are BJT RON = 6.8
mΩcm2. Finally, a Darlington transistor with a maximum current gain of 2900
at room temperature and 640 at 200 °C is reported. The high current gain of
the Darlington transistor is achieved by optimum design for the ratio of the
active area of the driver BJT to the output BJT.
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