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1. Akira Kusaba, Shugo Nitta, Kenji Shiraishi, Tetsuji Kuboyama, Yoshihiro Kangawa, “Beyond
ab initio reaction simulator: An application to GaN metalorganic vapor phase epitaxy,”
Applied Physics Letters 121, 162101 (2022). [IF2021: 3.971]

ABSTRACT: To develop a quantitative reaction simulator, data assimilation was performed
using high-resolution time—of—flight mass spectrometry (TOF-MS) data applied to a GaN
metalorganic vapor phase epitaxy system. Incorporating ab initio knowledge into the
optimization enables it to reproduce not only the concentration of CH4 (an impurity
precursor) as an objective variable but also known reaction pathways. The simulation
results show significant production of GaHs, a precursor of GaN, which has been difficult
to detect in TOF—MS experiments. Our proposed approach is expected to be applicable
to other applied physics fields that require quantitative prediction that goes beyond ab

initio reaction rates.

2. Akira Kusaba, Yoshihiro Kangawa, Tetsuji Kuboyama, Atsushi Oshiyama, “Exploration of a
large—scale reconstructed structure on GaN(0001) surface by Bayesian optimization,”
Applied Physics Letters 120, 021602 (2022). [IF2021: 3.971]

ABSTRACT: GaN(0001) surfaces with Ga— and H-adsorbates are fundamental stages for
epitaxial growth of semiconductor thin films. We explore stable surface structures with a
nanometer scale by the density—functional calculations combined with Bayesian
optimization and reach a single structure with satisfactorily low mixing enthalpy among
hundreds of thousand possible candidate structures. We find that the obtained structure
is free from any postulated high symmetry previously introduced by human intuition,
satisfies an electron counting rule locally, and shows a complex adsorbate arrangement,
reflecting characteristics of nitride semiconductors. The proposed scheme toward a high—
resolution surface phase diagram contributes to a more precise design of GaN epitaxial

growth conditions, especially the ratio of Ga and H partial pressures.

3. Akira Kusaba, Romeo Marcel Kurniawan, Pawel Kempisty, Yoshihiro Kangawa, “DFT
modeling of unintentional oxygen incorporation enhanced by magnesium in GaN(0001) and
AIN(0001) growth surfaces during metalorganic vapor phase epitaxy,” Physica Status
Solidi B, 2100430 (2022). [IF2021: 1.782]

ABSTRACT: Understanding the physics of unintentional doping and defect formation during
epitaxial growth of IlI-nitride semiconductors is crucial to develop optical and electronic
devices. Herein, the impact of magnesium doping on unintentional oxygen incorporation

into GaN and AIN during metal-organic vapor—phase epitaxy is investigated by first—
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principles calculations. It is found that the presence of Mg substituting group-Ill atoms
(Ga or Al) in subsurface layers energetically promotes unintentional oxygen incorporation.
The calculation results also suggest that even when Mg+H complex defects exist in
subsurface layers, they promote unintentional oxygen incorporation in a similar manner.
The mechanism of unintentional oxygen incorporation enhanced by magnesium doping and
complex defect structures is discussed in terms of charge neutrality or electron—counting

model in the growth surface.
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