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Recently, silicon carbide (SiC) semiconductors, one of the wide band gap semiconductors, have
received a great attention as a promising device to replace Si power devices in power conversion systems
due to their superior material properties. The SiC devices offer high temperature operation capability of
200°C that is higher than the limitation temperature of the general Si devices, and it is expected to increase
power density and to reduce a size of power conversion systems. In high temperature operation of the SiC
devices, the thermal management is important, because the thermal margin of the packaged devices is
shrunk. In addition, the thermal properties of the package materials such as thermal conductivity and
specific heat are affected by temperature, and this effect results in variation of the thermal performance of
the packaged semiconductor. In order to operate the SiC devices, stably, at high temperature environment,
the accurate thermal analysis of the packaged device is necessary. In this dissertation, the thermal
measurement and analysis of the packaged SiC devices is introduced for high temperature applications.
This dissertation is organized as follows:

In chapter 1, background and related trend of research are reviewed. In addition, objectives and outline
on this research are introduced.

In chapter 2, the fundamental theories for the thermal analysis of packaged SiC devices are presented.
The heat transfer mechanism, the finite difference method (FDM), the compact thermal model, and the
thermal measurement and characterization methods are described.

In chapter 3, thermal characteristics of a packaged SiC device for high temperature operation is
investigated. The numerical thermal simulation of the packaged SiC SBD using finite difference method
(FDM) is carried out considering the nonlinear thermal properties of the package materials. The transient
thermal resistances of the packaged SiC SBD are experimentally measured, and compared with the
simulated results. It is observed that the time constant of the transient thermal resistance and the steady
state thermal resistance of the packaged SiC SBD are prolonged and increased for the temperature rise,
respectively.

In chapter 4, the temperature dependence of partial thermal resistances of a packaged SiC SBD is
analyzed at elevated temperature environment. The partial thermal resistances of the packaged SiC SBD
are extracted from the transient thermal resistances using the cumulative and differential thermal structure
functions. The extracted partial thermal resistances are compared to the results from the numerical
simulation model, and the comparison results show good agreement. The temperature dependence of the
partial thermal resistances of the SiC device and the SizN, substrate contribute to the overall thermal
resistance variation of the packaged SiC SBD.

In chapter 5, new approach for the thermal measurement of a packaged SiC MOSFET is introduced. In
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the thermal measurement, a relationship of gate-source voltage and temperature of the SiC MOSFET
measured using constant current pulses is employed to measure junction temperature. The transient
thermal resistance of the packaged SiC MOSFET is measured with the constant power injection in heating
condition. A modified thermal resistance analysis by an induced transient (TRAIT) method is suggested
for the thermal characterization of the packaged SiC MOSFET. The modified TRAIT method characterizes
the measured transient thermal resistance with the discrete time constant spectrum and the thermal
structure functions. The results from the modified TRAIT method showed good consistency with that of
the network identification by deconvolution (NID) method. The thermal compact model of the packaged
SiC MOSFET based on a Cauer equivalent thermal network is extracted and validated using the
experimentally measured results in transient temperature response of the device. The partial thermal
resistances of the packaged SiC MOSFET are compared and analyzed with results from the conventional
NID and the numerical FDM simulation.

Chapter 6 concludes this dissertation with the achieved results, and future tasks are discussed.
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