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To extend further the electrical performance envelope of power and radio frequency
(RF) electronics, device engineers are actively pursuing the development of generationafter-next ultra-wide bandgap (UWBG) devices. The UWBG materials aluminum
gallium nitride (AlxGa1-xN, where x is the Al compsition), β-type gallium oxide (βGa2O3), and diamond (which possess a bandgap larger than 3.4 eV), give promise to
accomplish such dramatic leap in electrical performance. While UWBG devices are
built to operate under higher power densities compared to current state-of-the-art
gallium nitride (GaN) and silicon carbide (SiC) counterparts, the thermal conductivities
of AlxGa1-xN and β-Ga2O3 are lower than those for GaN and SiC by an order of
magnitude. Therefore, self-heating is a major challenge for these UWBG devices.
Electro-thermal interactions that lead to self-heating in AlxGa1-xN and Ga2O3 devices
need to be accurately evaluated and understood to accomplish the successful transition
from WBG devices to the UWBG technology. In this distinguished departmental
seminar, a process for device-level electro-thermal co-design of UWBG electronics will
be demonstrated. First, laser-based pump-probe techniques such as frequency-domain
thermoreflectance and steady-state thermoreflectance are used to measure the
thermophysical properties of the UWBG materials. An integrated optical thermography
scheme (Raman thermometry, thermoreflectance imaging, and IR thermography) is
then used to understand the self-heating behavior of the UWBG devices. These
experiments are used to build a fully-coupled electro-thermal device model, which is
eventually used to design passive and active thermal management solutions.
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