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Electronic structures of transition metal (7M)-based chalcogenides (Ch) are dramatically
varied by change in electron number at the d-orbitals and application of structural distortion
introduced by e.g., epitaxial strain, chemical, and external pressure, which leads to various
electric functionalities. Thus this study designed electronic conductive functionalities in
TMChs based on electronic structure tuned by structural distortion and experimentally
validated the effectiveness by performing carrier doping.

According to a strategy for high critical temperature (7¢) superconductor based on
comparison of Fe-based superconductors and cuprates, Fe-based parent phase with strong
electron correlation is considered as a promising candidate to realize high-T¢
superconductivity by high-density carrier doping. Although bulk FeSe is a superconductor
with 7c = 8 K, the epitaxial film with in-plane tensile strain exhibited insulator-like electric
behavior. Since it was unveiled from angle-resolved photoemission spectroscopy that electron
correlation of the epitaxial FeSe was enhanced compared with that of the single crystal, its
electric-double layer transistor (EDLT) was fabricated to accumulate high-density electron
into the epitaxial FeSe. By application of electric field, high-7. superconducting transition
was observed at 7c= 35 K, which is ca. four times higher than that of the bulk. Hall effect
measurements clarified that the high 7t originates from optimally induced electron density,
which was realized by employing a high quality FeSe channel layer. Moreover epitaxial films

of metastable tetragonal FeS and its EDLT were fabricated.




A novel chemical design concept was established for light-emitting semiconductors. The
concept was based on three strategies extracted from consideration on chemical bonding in
solids; that is, to choose an early transition metal (e7M) as a metal-constituent to suppress
formation of defects trapping doped carriers and quenching emission, to introduce
non-bonding deep d-orbitals and shallow p-orbitals that are advantageous for n- and p-type
dopings respectively, and to use band structure folding stimulated by construction of
superstructure derived from chemical pressure to obtain a direct band gap for efficient
luminescence. From screening utilizing first-principles calculation, a perovskite-type sulfide
AEeTMS;3 (AE: Alkali earth metal) was chosen as candidate materials. It was experimentally
demonstrated that polycrystalline StHfS; exhibited an intense green light emission even at
room temperature and both n- and p-type conductions with wide range controllabilities by La-
and P-dopings, respectively. Furthermore epitaxial thin films of SrHfS; and BaHfS; were

successfully fabricated by pulsed laser deposition.
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