
IEEE PEMC 2026
22nd International Power Electronics
and Motion Control Conference
Sept. 23–25, 2026 — Tallinn, Estonia

Grid Interfaces and Electric Drive Systems in the
Era of Monolithic GaN AC-Switches

Duration: 120 minutes

Abstract. Grid interfaces and electric drive systems have traditionally been dominated by voltage-source converter
(VSC) architectures, largely due to long-standing limitations of power semiconductors to unipolar voltage blocking
devices. In particular, the lack of efficient, compact, and reliable bidirectional/bipolar voltage-blocking switches has
restricted the practical adoption of converter topologies such as current-DC-link/source converters. Recent
advances in monolithic bidirectional GaN AC switches (MBDSs) fundamentally change this situation by enabling
true bipolar voltage blocking with significantly reduced chip area and lower conduction losses. This tutorial provides
a comprehensive overview of grid interfaces and electric drive systems in the era of monolithic GaN AC switches. It
begins with an introduction to the structure, controllability, and performance characteristics of MBDS devices,
including a comparison to conventional unipolar switch solutions. Building on this foundation, converter topologies
that directly benefit from bidirectional/bipolar switching capability are revisited, including new rectifier topologies,
three-level T-type converters, current-source converters (CSCs), with a focus on operating principles, performance
characteristics, dynamics, and reliability aspects in comparison to state-of-the-art VSC solutions. The second part
of the tutorial focuses on drive applications enabled by current-source inverters (CSIs). PMSM and reluctance
motor drive systems are discussed, covering modulation strategies, control concepts, wide voltage-range
operation, and emerging modular CSI architectures for sector and distributed motor drives. Particular attention is
given to safety and reliability aspects, including overvoltage behavior and protection concepts inherent to current-
source systems. The tutorial concludes with an outlook on future research directions and application opportunities
for GaN-enabled PWM rectifier and drive systems.

Duration Topics covered
10 min New Monolithic Bi-Directional/Bipolar AC Switches (MBDSs)
20 min New PFC Rectifier Topologies Benefiting from MBDSs
20 min Inverter and AC/AC Converter Topologies for Drive Systems Benefiting from MBDSs
30 min PMSM Drives and new Modular Drives with Current Source Inverters
20 min New Reluctance Motor Drives with Current Source Inverters
10 min Summary & Outlook
10 min Q&A Session
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