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TWO-DIMENSIONAL ELECTRONIC STRUCTURE/TRANSITION METAL
DICHALCOGENIDES/ANGLE-RESOLVED PHOTOEMISSION

SPECTROSCOPY

Two-dimensional (2D) electronic structure detected in many materials are
known to exhibit exotic properties, including the emergence of Rashba spin-
orbit splitting and two-dimensional electron gases (2DEGs). Interestingly, after
graphene was discovered in 2005, there have been a number of studies on 2D mate-
rials focusing on 2DEGs and layered compounds, searching for novel applications
beyond the conventional ones. This thesis has been divided into two main parts;
the study of 2D electronic structure observed in transition metal oxides (TMOs)
and the study of layered-transition metal dichalcogenides (Layered-TMDs). The
electronic structure of materials has been studied by the angle-resolved photoe-
mission spectroscopy (ARPES) and the theoretical calculation has been done by
density functional theory (DFT).

The first part focuses on the study of 2D electronic structure on TMOs.
This study is very important which gives the essential knowledge prompting us
to understand the electronic structures of TMDs. In this part, the creation and
control of 2DEGs at the surface of SrTiOs; have been studied. The subband
structure of 2DEGs observed in KTaO3 has also be studied to understand surface

electron accumulation, and the polar/non-polar surface properties.
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In the second part, the study of the layered-TMDs including MoSs, WSes,,
PdTe, and HfSe, has been performed. Firstly, I will present the study of MoS,
which is the main part of this thesis. MoSy exhibits a striking crossover from
indirect to direct band gap while being thinned down to a monolayer. Here, we
present the new way to prepare a large scale monolayer on MoS, surfaces by using
potassium intercalation. Our ARPES result shows the change of electronic struc-
ture after dosing alkali metal at the sample surfaces. In pristine sample, we found
the Fermi energy inside the gap and the large spin-orbit splitting at the valence
band maximum (VBM) to be around 180 meV. After dosing of potassium, the
2D like state at the conduction band has emerged. Surprisingly, the conduction
band minimum (CBM) appears to be nearly at the same momentum as the VBM,
indicating the transition from indirect to direct band gap. The x-ray photoemis-
sion spectroscopy (XPS) data and the formation energy calculation claims the
potassium intercalation process near the top layer giving the quasi-freestanding
MoSs monolayer. Furthermore, the DFT calculation with ¢/a expansion is also in
good agreement with the ARPES data. Secondly, I will give the brief information
about the other layered-TMDs which I have participated as a part of projects. The
strong spin-orbit spitting on inversion asymmetry system and the negative elec-
tron compressibility (NEC) by alkali metal doping have been described in WSes,.
The preliminary result of the discovery of 3D-Dirac point and inverted-Rashba
splitting in PdTe, and the observation of 2D sodium bands formed at the surface

of HfSey have also been included.
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