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(X3 LAILD Active B9 5 > T4 2 /3—4  (Active NPC Inverter; Neutral point Clamped
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TI8%DNEMMELZERL, tEBEOHRELEEEOHETHD. RAIYFUTEBEHELIE
WedE, BRNI—2DFEA LV FV A VANEEBIEEZSEFLFTOWS I LRI >TES.
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#fF 2 2R ®8 4 : Study on high-frequency power converters using SiC bipolar junction transistors
JE i HA RS : April 24th, 2018 - September 7th, 2018
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= 4 : United Kingdom

B 2% #% B8 4 : The University of Nottingham

#f 2% = 4 % : Power Electronics, Machines and Control Group
ZAMEESL : Alberto Castellazzi

oJEAL R =

During this study, I carried out an experimental study on power conversion circuits using silicon
carbide (SiC) power devices. Since 2009, I have been engaged in SiC material characterization and
device fabrication, and after receiving Ph.D degree in 2015, I started the study of circuit application
using SiC devices. I am proposing a device model based on device physics and constructing a circuit

simulation environment for high-frequency switching circuit.

I stayed at the University of Nottingham, UK, for the study of high-power conversion circuits. At the
University of Nottingham, there is a very large research group named Power Electronics, Machines
and Control Group (PEMC), where a comprehensive study on the application and control of electric
devices as well as the circuit application were conducted by collaborating with industry. In particular,

kW-class high power conversion circuits are intensively investigated.

The research group is very large exceeding 100 people, and there were a lot of differences found
compared with the laboratories at Kyoto University. For example, they share almost all the
equipments for experiments. At universities in Japan, equipments are registered in each laboratory
individually, but in the PEMC group the equipments are basically registered as common assets and
shared freely in the group. The working rate of the equipments are extremely high and effectively

utilized compared to Japan.
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There are a lot of students and post-docs coming from not only Europe but also Africa and Asia in the
group. There are a lot of flats for the people coming from abroad in the campus, and researchers can

stay easily from other countries.

During the stay, I have learned how to design kW-class power converters and launch high-power
systems. I focused on a DC-AC inverter, 3-level active neutral point clamped inverters (aNPC). The
DC input is 700 V and output AC voltage is 220 V. The prototype achieved a high conversion
efficiency of 98% at 16 kHz, which is similar performance compared to the previous reports. By
analyzing the switching waveforms of the fabricated inverter, I have found that some parasitic
inductances on the PCB board disturbed a fast switching behavior. After this study, I will redesign the
PCB board to reduce the parasitic inductances and try to enhance the switching frequency up to 100
kHz.
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I will continue to collaborate with Prof. Alberto Castellazzi on this study. In addition, I had an great
opportunity to discuss the researchers in the University of Nottingham. For example, I studied a lot
about switching noise in power converters. They have several patents to suppress the switching noise
and gave me very important suggestions. Suppression of the switching noise is particularly important

in high-switching frequency converters. These suggestions will make our study more fruitful.

Finally, it was a great opportunity for me to stay in UK. I would like to express my gratitude to the
financial support from the Kyoto University Global Frontier Project for Young Professionals: the John

Mung Program.




