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[1] J. Nozawa et al., Colloid Interface Sci. Commun. 64, 100815 (2025).
[2]J. Nozawa et al., Cryst. Growth Des. 25, 7309 (2025).
[3]J. Nozawa et al., Commun. Phys. 8, 134 (2025).
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Te-Te FEEIZHNRT D RERIEHFM L Cu VA NELDFEIEDR. AW OIR N TR E (2.2
W/K)YDEERTHDH L& 2 b [4].

[4]Y. Zhang, N. L. Okamoto, and T. Ichitsubo, Chem. Mater. 37, 5365 (2025).
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[3] H. Li, T. Ichitsubo el al, submitted .
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1. H®

The development of high—-performance semiconductor materials is important for
energy conversion and energy—efficient electronic applications. However,
identifying suitable materials remains challenging because their performance
is determined by several interconnected properties, 1including electronic
structure, carrier transport, defect formation, and dopability.

The objective of this project is to identify promising semiconductor materials
for energy applications wusing first—principles calculations and high-
throughput screening. By systematically evaluating the electronic and defect
properties of a large number of candidate materials, we aim to clarify the key
factors that control their performance and establish practical guidelines for
the design and discovery of new functional semiconductors.

2. EERROBE

One of the main focuses of this project was the search for p—type oxide
semiconductors. Developing p-type oxides remains challenging because the
valence—band maximum (VBM) of most oxides is dominated by O 2p orbitals. This
electronic structure often results in heavy holes and strong compensation by
donor—type defects, particularly oxygen vacancies. A common approach to improve
p-type dopability is to raise the VBM through hybridization between 0 2p and
cation orbitals. However, whether hole doping is possible in oxides whose VBM
remains predominantly O 2p 1in character had not been systematically
investigated.

To address this question, we performed a high—-throughput first-principles
screening of 845 stable oxides. The materials were screened based on oxygen—
vacancy formation energies and the O 2p contribution to the VBM, reducing the
number of candidates from 845 to 152 and then to 27. For the remaining
candidates, detailed defect calculations were performed using the HSEO6 hybrid
functional to evaluate acceptor dopants and native defects. These calculations
further narrowed the candidates to five oxides with potential for p—type doping.

Among these candidates, CaCdO: was identified as the most promising material.
Our calculations show that hole doping can be achieved without significant
compensation by native donor defects. CaCdO: also has a predicted optical band
gap of 3.48 eV and nearly isotropic hole effective masses of approximately
1.8-1.9 mo. Analysis of its electronic structure indicates that even though
the VBM is mainly composed of O 2p states, weak hybridization with Cd 4d states
plays an important role in improving its p—type dopability.



These results show that a purely O 2p-dominated valence band is generally
unfavorable for p—type doping and that some degree of hybridization with cation
states is important for achieving p—type conductivity in oxide semiconductors.
The high—throughput screening approach developed in this project provides a
systematic way to identify promising materials and to understand the
relationship between electronic structure, native defects, and
dopability. These results provide useful guidelines for designing p-type oxide

semiconductors for energy applications [1].

[1] Vu Thi Ngoc Huyen and Yu Kumagai, “Investigation of hole dopability in
Oxygen 2p-Dominated Bands” , Chemistry of Materials 37, 9505-9514 (2025).
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Figure 1: High-throughput screening oxides for p—type dopability.
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