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

1. Project title : [New generation of InGaN layers, quantum wells and wires grown on vicinal
GaN substrates for optoelectronics |

2. Research period : November 2015 ~ March 2019

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Hiroshi Amano | Professor IMaSS (Institute of | Head of
Materials and Syste | Research
ms for Sustainabilit
y)
Nagoya University
Co-PI Yoshio Honda Associate IMaSS (Institute of | Development of
Professor Materials and Syste | in situ
ms for Sustainabilit | monitoring
y) system
Nagoya University
Co-PI Shugo Nitta Designated | IMaSS (Institute of | Growth mode
Associate Materials and Syste | control
Professor ms for Sustainabilit | Contact with
y) other countries
Nagoya University
Collaborator | Manato Deki Assistant IMaSS (Institute of | Crystal property

Professor Materials and Syste | evaluation
ms for Sustainabilit

y)
Nagoya University

Collaborator | Maki Kushimoto | Assistant Graduate School of | High quality
Professor Engineering InGaN growth
Nagoya University

Collaborator | Yoann Robin Researcher | IMaSS (Institute of | Growth and
Materials and Syste | characterization
ms for Sustainabilit

y)
Nagoya University

Total number of participants throughout the research period: 8

Poland-side
Name Title Affiliation Role in the
research
project
Pl Mike Leszczynski | Professor | Institute of High Head of
Pressure Physics Research
UNIPRESS
Co-PI Marcin Sarzynski | Assistant | Institute of High Crystal Growth
professor | Pressure Physics and optical
UNIPRESS characterization
Co-PI Ewa Grzanka PhD Institute of High XRD
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student Pressure Physics characterization
UNIPRESS
Collaborator | Robert Czernecki | PhD Institute of High Crystal Growth
student Pressure Physics
UNIPRESS
Total number of participants throughout the research period: 4
Czech-side
Name Title Affiliation Role in the
research
project
Pl Vaclav Holy Professor | Department of Head of
Condensed Matter Research
Physics, Charles
University in Prague
Co-PI Lukas Horak Research | Department of Simulation and
assistant, | Condensed Matter analysis
Physics, Charles
University in Prague
Co-PI Dominik Kriegner | Post-doc | Department of Simulation and
Condensed Matter analysis
Physics, Charles
University in Prague
Total nOmber of participants throughout the research period: 3

4. Summary of the international joint research

This international research project is established for high quality high-In content InGaN
growth which realizes next generation displays, general lightings, high speed and mobile
optical fiber communication, and solar cells. The research team are composed of Nagoya
University in Japan, Institute of High Pressure Physics, UNIPRESS in Poland, and Charles
University in Czech. The original technologies from each institute, such as high quality GaN
substrates and their surface process technologies from UNIPRESS, InGaN crystal growth
and in situ monitoring technologies from Nagoya University, and three dimensional fine
structure analysis by X-ray diffraction from Charles University, played important roles
effectively on the comprehensive and fusional research to perform high quality high In
content InGaN growth.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research
5-2 Synergistic effects of the joint research
5-3 Scientific, industrial or societal impacts/effects of the outputs

GaN substrates with vicinal miscut angle surface are prepared by UNIPRESS.
UNIPRESS performed a multi wavelength LED fabricated on a patterned GaN wafer, which
is a base technology of multi wavelength laser diodes for high speed optical communication.
Nagoya University clarified that surface supersaturation defined by growth temperature, V/III
ratio and step density dominates the InGaN growth mode on a GaN substrate. Both results
show that In incorporation in step growth mode on a GaN substrate is governed by step
growth speed. We clarified control of miscut angle is a critical parameter to control growth
mode and structural and optical quality of InGaN. The new in situ monitoring system and
XRD diffraction method are developed to analyze precise growth mechanism and fine
structure of InGaN crystal. This research results are necessary to develop future InGaN
optoelectronic devices.
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1. Tetsuya Yamamoto, Akira Tamura, Shigeyoshi Usami, Kentaro Nagamatsu, Shugo
Nitta, Yoshio Honda and Hiroshi Amano, "Evaluation of excess In during metal organic
vapor-phase epitaxy growth of InGaN by monitoring via in situ laser scattering”,
special issue of the Japanese Journal of Applied Physics, 55, 05FD03 (2016),

2. Y. Robin1, M. Pristovsek, H. Amano, F. Oehler, R. A. Oliver, and C. J.
Humphreys,"What is red? On the chromaticity of orange-red InGaN/GaN based LEDs",
Journal of Applied Physics 124, 183102, 2018.

3. Yoann Robin, Yaqgiang Liao, Markus Pristovsek, Hiroshi Amano, "Simultaneous Growth
of Various InGaN/GaN Core - Shell Microstructures for Color Tunable Device
Applications", Phys. Status Solidi A 215, 1800361, 2018.

5. Zhibin Liu, Shugo Nitta, Shigeyoshi Usami, Yoann Robin, Maki Kushimoto, Manato
Deki, Yoshio Honda, Markus Pristovsek, Hiroshi Amano, "Effect of gas phase
temperature on InGaN grown by metalorganic vapor phase epitaxy", Journal of Crystal
Growth Volume 509, Pages 50-53, 2019.

6. Zhibin Liu, Shugo Nitta, Yoann Robin, Maki Kushimoto, Manato Deki, Yoshio
Honda,Markus Pristovsek, Hiroshi Amano, "Morphological study of InGaN on GaN
substrate by supersaturation”, Journal of Crystal Growth Volume 508, Pages 58-65,
2019.

7. Zheng Ye, Shugo Nitta, Kentaro Nagamatsu, Naoki Fujimoto, Maki Kushimoto, Manato
Deki, Atsushi Tanaka, Yoshio Honda, Markus Pristovsek, and Hiroshi Amano,
"Ammonia Decomposition and Reaction by High-Resolution Mass Spectrometry for
Group llI-Nitride Epitaxial Growth", Journal of Crystal Growth,Journal of Crystal
Growth 516, 63, 2019.

4. Yoann Robin, Francois Hemeret, Gillian D'Inca, Markus Pristovsek, Agnes
Trassoudaine and Hiroshi Amano, "Monolithic integration of tricolor micro-LEDs and
color mixing investigation by analogue and digital dimming ", Japanese Journal of
Applied Physics 58, SCCCO06, 2019.
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