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Strategic International Collaborative Research Program (SICORP)
Japan—V4 Joint Research Program
Executive Summary of Final Report

1. Project title : Highly Safe GaN Metal-Oxide-Semiconductor Transistor Switch |
2. Research period : November 2015 ~ March 2019
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Tamotsu Professor | Hokkaido Univ. MOS interface
Hashizume control for HEMTs
Co-PI Masamichi Associate | Hokkaido Univ. Characterization of
Akazawa Professor MOS interfaces
Co-PI Taketomo Sato Associate | Hokkaido Univ. Surface control
Professor process
Total number of participants throughout the research period: 12
Slovakia-side
Name Title Affiliation Role in the
research project
Pl Jan Head of Slovak Academy | InGaN/AlGaN/GaN
Kuzmik department of Ill - | of Science MOS-HEMT
V semiconductors
Co-PI Milan Deputy Head Slovak Academy | Characterization
Tapajna of Science of MOS interfaces
Collaborator | Michal Researcher Slovak Academy | Fabrication of
Blaho of Science MOS-HEMT
Collaborator | Dagmar Researcher Slovak Academy | Characterization
Gregusova of Science of MOS-HEMT
Total number of participants throughout the research period: 4

Poland-side
Name Title Affiliation Role in the
research project
Pl Boguslawa Associate Silesian University | Interface
Adamowicz Professor of Technology characterization of
insulators/AlGaN
Collaborator | Maciej Matys | Posdoc. Silesian University | Numerical
Researcher | of Technology characterization of
MOS interfaces

Total number of participants throughout the research period: 2

Hungary-side
Name Title Affiliation Role in the
research project
Pl Lajos Toth | Senior Hungarian TEM analysis of
Research Academy of insulators/AlGaN
Fellow Sciences interfaces
Co-PI Bela Pecz | Director of MAF | Hungarian Structural analysis
Academy of of insulators/AlGaN
Sciences interfaces

Total number of participants throughout the research period: 2




SICORP #& T & (ffiahaiie)

4. Summary of the international joint research

Since gallium nitride (GaN) has high critical electric field of over 3 MV cm™" (more than 10
times higher than Si), GaN-based transistors are considered to be the emerging front runners
as next-generation power-switching devices with improved performance in terms of power,
operation speed, and efficiency. A metal-oxide-semiconductor (MOS) gate structure is
inevitable for such a power transistor. However, instability issues such as threshold voltage
(V) fluctuation make practical use of GaN MOS transistors difficult. By controlling interface
states in MOS gate structures, the purpose of the project is to improve the operation stability
of GaN MOS high electron mobility transistors (HEMTs). Specifically, the Japan team
characterized MOS interface properties mainly using a capacitance-voltage method, and
then developed an interface control technology. The Poland and Hungary teams addressed
the analysis of interface defect levels by a rigorous numerical simulation and the structural
analysis of MOS interfaces by a transmission electron microscope, respectively. Furthermore,
the Slovakia team fabricated and characterized GaN MOS-HEMTs based on an interface
defect control process and a novel device structure.

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

In this project, the complementary and functional collaboration built up novel device
technologies combined with interface control schemes. We found that the post-metallization
annealing (PMA) at 300°C in N2 was effective in drastic reduction of electronic state densities
at the Al203/GaN(AlGaN) interfaces, leading to an excellent interface property of the GaN
MOS structure nearly equal to the standard Si MOS system. By applying the PMA process
to the Al,03/AlGaN/GaN HEMT grown on GaN substrate, we observed highly operation
stability with a small V14 shift (< 0.3V) and low leakage current (1 nA/mm) under forward-bias
and high-temperature stresses.

5-2 Synergistic effects of the joint research

In cooperation with the precise TEM analysis by the Hungary team, a mechanism of the
PMA effect was partly clarified. It was found by a combination between Japan-side C-V
characterization and Poland-side simulation method that a spatial distribution of electronic
states at the AlGaN surface was dominantly responsible for the V14 fluctuation of MOS-
HEMTs. In addition, the collaboration with the Slovakia team achieved stable operation of
the MOS-HEMT using a novel InGaN/AIGaN/GaN structure. These results have not been
achieved without cooperation between Japan and V4 sides.

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

The main results obtained in this project include excellent interface properties of
AlO3/GaN(AlGaN) structures nearly equal to the Si MOS structure, good Vg stability of the
Al2O3/GaN structure fabricated on the m-plane GaN, a normally-off operation of the GaN
MOS-HEMT using a novel InGaN/AlGaN/GaN structure and excellent operation stability of
AloOs-gate MOS-HEMT on GaN substrate. These achievements will contribute to the
practical use of GaN MOS-HEMTs with figures of merit in the 5G wireless system. On the
basis of results obtained, in addition, Japan and V4 sides will start some national projects
and joint researches with private companies.
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