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Abstract

There are numerous mass volume power applications where it is necessary to control the flow of
bidirectional power, including electric vehicles (vehicle to grid, vehicle to home, and vehicle to vehicle),
distributed and grid-tie power systems using regenerated energy and/or energy storage components, and
solid-state circuit breaker protection. Silicon carbide (SiC) and gallium nitride (GaN) based bidirectional
power switches can enable these applications with their compelling advantages of high efficiency, high
blocking voltage capability, and low system weight and volume. In particular, monolithic switches that
allow for bidirectional symmetric conduction and voltage blocking with a chip area close to that of a
similarly rated unidirectional switch are ideally suited to fuel a revolution in power electronics
technology. Today, monolithic bidirectional (MBD) power semiconductor switches are not commercially
available. Instead, back-to-back (anti-series) connection schemes of unidirectional power MOSFETs or
IGBTs are typically used, resulting in a 4X penalty in chip area and high cost. However, various types of
SiC and GaN bidirectional concepts are being investigated including bonded-wafer bidirectional IGBTs,
monolithic dual-gate bidirectional GaN switches, and monolithic back-to-back connected SiC MOSFETs
and JFETs. In the first section of this tutorial, the semiconductor technology of SiC and GaN bidirectional
switches will be reviewed including their operating principles, and their lateral and vertical geometry
configurations. The performance advantages of MBD switches will be highlighted and promising MBD
devices reported to date will be analyzed. As SiC and GaN devices approach mass commercialization
propelled by insertion in electric vehicles and consumer electronics, respectively, fabrication of SiC/GaN
MBD switches is becoming economically viable enabling their wide adoption. The second section will
focus on key volume applications and power converter topologies that will benefit from BD switches. The
world is full of opportunities for integrated motor drives that combine the motor and power electronics in
the same housing. Some of the most promising power converter topologies for these applications such as
matrix converters, current-source inverters, Vienna rectifiers, and T-cell converters will benefit greatly
from the availability of WBG-based BD switches. In fact, some of these promising topologies such as the
matrix converter and PWM current source inverter have been blocked from the marketplace for many
years because of the commercial unavailability of BD switches. In recognition of the compelling
advantages of SiC and GaN bidirectional power switches, the second section of the tutorial will focus on
several specific applications and circuit topologies to explore the transformative impact the availability of
WBG-based BD switches is destined to have on the practicality and future potential of these topologies in
commercial applications. These examples will be carefully chosen to highlight the breadth of applications
and topologies that are likely to benefit significantly from the commercial availability of BD switches, as
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well as some of the practical engineering issues that will be encountered in the process of applying them.
Finally, attention will be devoted to how the applications benefiting from BD switches will grow as the
voltage and current ratings of commercialized BD switches expand in the future.
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