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Layered transition-metal dichalcogenides (TMDCs) provide an important material platform
as a host material system in the field of two-dimensional materials research due to their rich
variety of properties depending on a combination of transition metals and chalcogens. On the
other hand, TMDCs have unique structural property called “polymorph”, which is considered
as a difference in a local coordination of chalcogens surrounding transition metals and/or a
difference in a stacking sequence of each layer. This structural polymorph plays an essential for
determination of the electronic ground state of TMDCs, and different polymorphs form different
ground states even in the same chemical composition as represented by TaS,; 2H-TaS, forms
a superconducting state while 17-TaS, forms a correlated Mott-insulating state. Therefore,
controlling a polymorph by external means should lead to creation of novel device functionalities
that are unachievable by conventional semiconductor devices.

In this study, we have explored novel properties and functionalities of TMDCs with metastable
polymorphs by molecular-beam epitaxy (MBE). The most significant achievement is that
we could stabilize 3R-TaSe, as a metastable polymorph, and revealed that it exhibits unique
properties distinct from those of thermally-stable 2 H-TaSe; as characterized with the pronounced
superconducting state and the suppressed charge-density wave state. In addition, we verified
that 3R-TaSe, exhibits the spin-momentum-locked Ising superconductivity even in the thick-
enough regime, which is absent in bulk 2H-TaSe; due to its centrosymmetric nature. The second
noteworthy achievement is that we could grow 17- and 1 H-CrSe; selectively that do not exist
in nature, and verified that 1 7-CrSe, forms a correlated insulating state while 1H-CrSe, forms
a conventional insulating state. Those electronic states obtained in this study are all missing
in their bulk counterparts, and therefore unachievable by an exfoliation-based conventional
approach, demonstrating the usefulness of our MBE-based approach for exploration of novel

properties and functionalities of TMDCs.
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