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Strategic International Collaborative Research Program (SICORP)
Japan—EU Joint Research Program
Executive Summary of Final Report

1. Project title : lInnovation Reliable Nitride based Power Devices and Applications
(InRel-NPower) |

2. Research period : 01/2018 ~ 11/2020

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Hideto Miyake Prof. Mie University AIN development
Co-PI Yoshihiro Kangawa | Prof. Kyushu ab initio-based
University approach
Collaborator Kanako Shojiki Dr. Mie University AIN development
and
characterization
Collaborator Kenjiro Uesugi Dr. Mie University AIN development
and AlGaN epitaxy
Collaborator | Shiyu Xiao Dr. Mie University AIN development
and structural
analysis
Total number of participants throughout the research period: 5

Partner-side

Name Title Affiliation Role in the research
project
Pl Gaudenzio Prof. University of Project management
Meneghesso Padova
Co-PI Joff Derluyn CTO EpiGaN Material and Epitaxy
Co-PI Farid Medjdoub Senior CNRS Device Processing
scientist
Co-PI Abhishek Banerjee | R&D ON Characterization and
Engineer | Semiconductor | Reliability
Co-PI Elke Meissner Scientific | Fraunhofer IISB | Material and Epitaxy
Manager
Co-PI Cristophe Prof. Ghent Characterization
Detavernier University

Total number of participants throughout the research period: 6

4. Summary of the international joint research

The purpose of this research project is to develop robust and reliable high- and
medium-voltage power devices for industrial and automotive applications by fully exploiting
the high potential of wide-gap nitride semiconductor materials, and to contribute to the
highly efficient use of energy. In order to achieve this goal, we developed the next
generation HEMTs (High Electron Mobility Transistors) using GaN on Si substrates and
AlGaN on AIN templates. To develop AlGaN-based HEMTs, we first developed AIN
templates by Face-to-Face high temperature annealing (FFA), Solid Source Solution Growth
(3SG), and sublimation methods, and determined the superiority and inferiority of each
fabrication method. Next, we developed AlGaN HEMTs using the most promising AIN
template fabricated by the FFA method and succeeded in fabricating HEMTs that operate



stably up to high temperatures (200 °C). It is superior than GaN-based HEMTs whose
current density decreases above 150 °C. The AlGaN HEMTs are expected to be installed in
industrial and automotive power conversion systems and implemented in society in the
future.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

We promoted the development of AlGaN-based HEMTs. We set the following development
targets: (1) threading dislocation density of the AIN template of 108 cm™ or less, (2) 2DEG
density of 2 x 10* cm or more, (3) sheet resistance of 300 Q/sq or less, and (4) breakdown
voltage of 2.5 kV or more. For the targets set in (1) through (4), we succeeded in meeting
the challenges in (1), (2), and (4). However, the target value for (3) could not be exceeded.
This is due to the degradation of electron mobility caused by the alloy scattering of AlGaN. In
this project, the Al composition of AlGaN was set at 50%, but shifting this to the Al-rich side
is expected to improve the sheet resistance. In any case, we have succeeded in developing
a device that generally satisfies the initial target.

5-2 Synergistic effects of the joint research

Using the FFA-AIN template developed at Mie University, AlGaN heteroepitaxial growth,
HEMT structure fabrication and its characterization were carried out by the European
research group. We also succeeded in understanding the origin of the vertical leakage
current, which was analyzed at the European research group, through theoretical analysis
performed at Kyushu University. As described above, we have succeeded in achieving a
synergistic effect of international joint research among five countries in Japan and Europe
(Italy, Belgium, France, and Germany). To achieve this, Mie University hosted young
researchers from European research group for a short period of time in order to promote
close personnel exchanges.

5-3 Scientific, industrial, or societal impacts/effects of the outputs

Five European companies, Bosch, CE+T, EpiGaN, ON Semiconductor, and Siemens, are
participating in this international joint research project, and each company has obtained
research results. If we can install a low-energy loss power conversion system based on the
obtained research results, it will contribute to the effective use of energy for the realization of
a sustainable society. In addition, the theoretical analysis method validated in this project is
spreading to the development of other materials, and we believe that a certain effect has
been achieved.
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