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By 2030, about 80% of all US electricity is expected to flow through power electronics. This
will require power electronic devices and circuits with much higher efficiency and smaller
form-factor than today’s silicon-based systems. III-Nitride semiconductors and other ultra-wide
bandgap materials are ideal platforms for the new generation of power electronics thanks to the
combination of excellent transport properties and the high critical electric field enabled by their
wide bandgap [1]. This talk will discuss recent progress in our group in developing high voltage
power transistors and diodes based on wide bandgap materials.
Vertical GaN-based FinFET power transistors have a great potential for 1200 V applications
(Figure 1-2)[2]. The high current density, in combination with minimum parasitics, allow these
devices to achieve beyond-state-of-the-art switching performance as summarized in Table 1. In
addition, their simple structure and absence of p-type layers is expected to significantly lower
their manufacturing cost compared to the traditional vertical transistor architectures. The
manufacturing cost can be reduced even further by fabricating these devices on either silicon
wafers or engineered substrates, although some key trade-offs between leakage currents and
performance need to be carefully studied.
The talk will also discuss the opportunities and challenges brought to power electronic devices
by ultra-wide bandgap materials beyond GaN. Specifically, some recent results on AlGaNchannel transistors [3] (Figure 3-4) and vertical diamond devices will be benchmarked with the
state-of-the-art devices, and a roadmap for future device development will be presented.
The talk will conclude with a summary of recent work on the heterogeneous integration of
power switches, gate drivers and control electronics - a key requirement for reaching the full
potential of wide bandgap materials. A new GaN CMOS-driver compatible with standard GaN
power devices will be demonstrated (Figure 5-6)[4] as an example system.
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