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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 Mostfet 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) B S 2T JE@ 1200 V S1IGBT
= Power density e | or
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« 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

Addressed research questions/problems

 Three-level Flying Capacitor converter turned out to be JE]} ‘J%E ‘JEE
best choice because of the following features: LRt

= Low dv/dt stress on the load and low output voltage T A T
distortion x| e | s
= |t enables the use of lower voltage rate devices which 2t S =t B =t

feature a better Figure of Merit (FoM)
= Challenges related to higher device number and structure
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» Comparison between the 650 V devices, GaN technologyo
shows the highest future potential: I
= [ ower 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 .
= (ate driver circuit and commutation loop performance tests

 Experimental testing of a single-phase Flying Capacitorz ™"

o 300
converter:

= Thermal characterization
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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

Adopted methodologies

» Simulation of the complete power converter (with closed loop control) Dl@(:.&

using the software PLECS Tspice’
« 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 Altgum
of the electronic conditioning circuity using the software LTspice o g
» PCB design with Altium V|VADO |

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

& XILINX.

 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
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* 01DPIRO - Advanced Topics in Energy Storage System and Electric Vehicle Drivetrain
Design (didattica di eccellenza) (7/9/2022, 4 credits)

* 01SINPG - Antropologia dei contesti scolastici ed educativi (16/6/2021, 6 credits)

* 02LWHRV - Communication (23/12/2020, 1 credits)

* 01SIOPG - Didattica, tecnologie e ricerca educativa (14/6/2021, 6 credits)

* 01SHMRYV - Entrepreneurial Finance (6/1/2021, 1 credits)

« 02LCPRV - Experimental modeling: costruzione di modelli da dati sperimentali (9/2/2021,
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1QSFIV - Global energy trends and outlook (13/2/2021, 2 credits)
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TUNVRYV - Navigating the hiring process: CV, tests, interview (8/1/2021,1 credits)
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TUNYRV - Personal branding (11/1/2021, 1 credits)
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« 02SFURV - Programmazione scientifica avanzata in matlab (27/4/2021, 6 credits)
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