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Study on superconductivity in layered transition metal dichalcogenides and related materials
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Superconducting layered transition metal dichalcogenides (TMD) have been studied for more than half a century
for its unique low dimensionality and the accessible via numerous engineering methods. Substitution and intercalation
are the established methods and known to be powerful on increasing the superconducting transition temperatures 7.s.
The author used the techniques to tackle the superconductivity in TMD and obtained the unheeded parameters.

This doctoral thesis comprises six chapters. In chapter 1, the author describes the general background of
superconductivity and the methods known to engineer the superconductivity in layered materials. In chapter 2, the
motivation of this study was described. The interest of the thesis is to understand the superconductivity in TMD. To
explore the very vast field, the author picked two material candidates, PdTe, and SnSe,, and in addition, the related
material PdTe. Because of the common unit PdTes, the superconductivity in PdTe and PdTe, are expected to share the
features such as strong electron-phonon coupling as described below. In chapter 3, the superconductivity of PdTe is
studied via chemical substitution and introduction of deficiency. PdTe;xMx (M= Sb and Bi) and Pd,.,Te samples were
prepared. All the samples show the decrease of 7.. The lattice constants of PdTe;«Sby and Pd;.,Te show decreasing
behavior, indicating that the Sb substitution and Pd deficiency work as chemical pressure, which may be the reason to
decrease 7¢. In Sb substitution, Sb gives one hole upon substitution, thus the Sb substitution works as a positive charge
doping, i.e., hole doping which is the first attempt in this material. Bi substitution works as hole doping while the lattice
constants increase upon doping. Thus, by comparing those doping, the author obtained that the hole doping is the primary
factor to decrease T¢. This is confirmed by the DFT calculations of PdTe;.«Sbx and PdTe;.xBix that show both doping
brings 7. down. In addition to the hole doping, the author compared 7. against various structural parameters, such as the
lattice constant change (Aa/a), the distance between Pd and Te in PdTes octahedron (dpg.te), and the angle between Te-
Pd-Te in PdTes octahedron (Ore-p4-te). Tc shows a unique dependence on Orepa-1e that peaks at 96.4 degrees. This indicates
that the superconductivity strongly depends on a certain phonon mode. This supports the previous specific heat report
that discusses the material as a strong electron-phonon coupling superconductor. Moreover, the strong electron-phonon
coupling in PdTe, that is discussed as a result of PdTe, may have common origin in PdTes octahedron. In chapter 4, the
author investigated the superconductivity of PdTe; by adding different metal by small amount as MyPdTe, for M = Rh,
Ir, Pt and Au. In chapter 5, superconductivity of metal intercalated SnSe, using liquid NHj is studied. The research

achievements obtained in this thesis contribute to the understanding of superconductivity in TMD and related PdTe.
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