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Novel contributions
• Comparison of different switch technologies by a new FOM to select the best power switch

already in the preliminary converter design

• Replacement of State-of-the-art DC-Link Film capacitors with ceramic capacitor

• Optimization of the commutation loop to enable the elimination of the commutation

capacitor

• High-efficiency, high power density converter design combining the advantages offered by:

▪ GaN devices

▪ multilevel topology

▪ 𝐶𝑒𝑟𝑎𝑙𝑖𝑛𝑘® TDK capacitors

Addressed research questions/problems

Research context and motivation
• The goal of the PhD activity is the design, optimization and realization of a three-phase

three-level multilevel Flying Capacitor converter employing WBG devices

• Presently, the 800V two-level inverter employing 1200V Si IGBT or SiC Mosfet is the state-

of-art structure for variable speed drive inverters and grid-connected rectifiers. It presents

some margin of improvements:

▪ Efficiency (i.e. low load)

▪ Power density

• These goals can be achieved adopting the combination of wide bandgap (WBG) devices

and novel inverter topologies (i.e. multilevel converter)

• The main challenges are a more complicated hardware structure and control

Adopted methodologies

Future work

PhD program in

Electrical, Electronics and

Communications Engineering

XXXVI Cycle

1200 V Si IGBT
or

1200 V SiC Mosfet≈ 800 V

• Three-level Flying Capacitor converter turned out to be

best choice because of the following features:

▪ Low dv/dt stress on the load and low output voltage

distortion

▪ It enables the use of lower voltage rate devices which

feature a better Figure of Merit (FoM)

▪ Challenges related to higher device number and structure

complexity

• Comparison between the 650 V devices, GaN technology

shows the highest future potential:

▪ Lower conduction and switching losses

▪ Challenges related to gate driving, higher dv/dt stress on the

load and cooling system

• Evaluation of the ceramic capacitor to replace film

capacitors for power density improvement :

▪ Experimental evaluation of the effective capacitance and

rms current capability of the 𝐶𝑒𝑟𝑎𝑙𝑖𝑛𝑘®TDK ceramic

capacitor

• Experimental testing on a two-level half-bridge board:

▪ Devices DPT tests

▪ Gate driver circuit and commutation loop performance tests

• Experimental testing of a single-phase Flying Capacitor

converter:

▪ Thermal characterization
▪ Converter loss measurements
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• Simulation of the complete power converter (with closed loop control)

using the software PLECS

• Matlab simulation to evaluate the converter component stresses and the

impact of different control and modulation strategies

• Evaluation of the power switches commutation waveforms and simulation

of the electronic conditioning circuity using the software LTspice

• PCB design with Altium

• Open loop control code implemented on Xilinx Zynq 7020 FPGA (i.e. C
code and VHDL code)

• Test of the driving circuit for two devices in parallel in a

single-phase two-level bridge leg configuration (the PCB

board has been already designed and assembled)

• Evaluate MicrolabBox from dSpace as control unit

• Design and test a 50 kW three-phase three-level Flying

Capacitor converter


