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Abstract

Cryogenic power electronics offer numerous game-changing benefits, including 1) improved
performance of power semiconductor devices, such as silicon (Si)- and gallium nitride (GaN)-
based, offering decreased specific on-state resistance and increased switching speed; 2) faster
switching frequency operation at cryogenic temperature, greatly reducing the need for passive (e.g.
EMI filtering); thereby reducing filter weight; 3) less cooling requirement at extremely low
ambient temperatures, and 4) light and/or efficient busbar designs due to the low resistivity of
conductors at cryogenic temperature.

This seminar will provide several key perspectives for the cryogenic power electronics design from
the component up to the converter level. First, the characteristics of critical components, including
power semiconductors and magnetics, at cryogenic temperature are introduced. Second, special
considerations, trade, and design studies of cryogenic power stage and filter are discussed. Then,
two examples of a 40 kW Si-based and a 1| MW SiC-based cryogenically-cooled inverter system
for electric aircraft propulsion are illustrated, with cooling design, safety considerations, and the
protection scheme highlighted.

Upon completion, seminar attendees will have a firm grasp on the cryogenic power electronics
design and be provided with a range of possible options in order to better utilize the cryogenic
cooling system in power converters.
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