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Background

The electrical efficiency of power electronics for electrical energy conversion (DC-DC or DC-
AC voltage conversion) can be significantly increased using multilevel topologies (e.g., Pi-
type, E-type, ANPC, FCML, etc.). Preliminary work has already achieved electrical transfer
efficiencies of over 99.7%, especially for capacitive loads with a very high reactive power
component (e.g., electrocaloric heat pumps, piezoelectric energy harvesters, DEA actuators).

Problem

Many multilevel topologies require switches that can block both positive and negative
(bidirectional) voltages. However, conventional Si or SiC MOSFETs or GaN HEMTs only have
a unidirectional blocking capability of, for example, 0 to 650 V. Bidirectional blocking
capability has so far been achieved by connecting two transistors in reverse series, which
increases chip area, conduction resistance, and also costs. :

Approach and work packages

The application and advantages of novel bidirectional-
blocking GaN transistors in a 20-level multilevel converter are
being investigated. To this end, a 7-level design is to be
extended to 20 levels, and the resulting, more complex control logic implemented on an
FPGA. Depending on individual interests and prior knowledge, the focus may be placed on
control engineering, power electronics circuit design, sensor technology, measurement
techniques, or GaN semiconductor devices.

Helpful previous knowledge
Power electronics, circuit technology, control engineering, semiconductor technology
Methods and tools

Measurement automation with Python, LabView, or Matlab. Measurements with
oscilloscopes and power meters. Programming of microcontroller Plexim RT Box and/or
FPGA. Evaluation with Matlab or Python. The work utilizes novel GaN components..
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