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Abstract

The temperature dependent electrical characteristics of silicon carbide power
transistors – 4H-SiC metal semiconductor field-effect transistors (MESFETs)
and 4H-SiC bipolar junction transistors (BJTs) have been investigated
through simulation and experimental approaches. Junction temperatures and
temperature distributions in devices under large power densities have been
estimated.

The DC and RF performance of 4H-SiC RF Power MESFETs have
been studied through two-dimensional electro-thermal simulations using
commercial software MEDICI and ISE. The simulated characteristics of
the transistors were compared with the measurement results. Performance
degradation of transistors under self-heating and high operating temperatures
have been analyzed in terms of gate and drain characteristics, power density,
high frequency current gain and power gain. 3D thermal simulations have been
performed for single and multi-finger MESFETs and the simulated junction
temperatures and temperature profiles were compared with the results from
electro-thermal simulations. The reduction in drain current caused by self-
heating was found to be more prominent for transistors with more fingers
and it imposes a limitation on both the output power and the power density
(in W/mm) of multi-fingered large area devices. Thermal issues for design of
high power multi-fingered SiC MESFETs were also investigated. A couple of
useful ways to reduce the self-heating effects were discussed. Trap-induced
performance instabilities of the devices were analyzed by carrying out DC,
transient, and pulse measurements at room and elevated temperatures.

Electrical characteristics of 4H-SiC BJTs have been measured. A reduction
in current gain at elevated temperatures was observed. Based on the collector
current-voltage diagram measured at three different ambient temperatures
the junction temperature was extracted using the assumption that the current
gain only depends on the temperature. Temperature measurements have
been carried out for SiC BJTs. Thermal images of a device under operation
were recorded using an infrared camera. 3D thermal simulations were
conducted using FEMLAB. Both the simulations and the measurement showed
a significant temperature increase in the vicinity of the device when operated
at high power densities, thus causing the decrease of the DC current gain. The
junction temperatures obtained from the thermal imaging, simulation and
extraction agree well.
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