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OUTLINE OF DOCTORAL THESIS

Two-dimensional (2D) materials have attracted significant attention in view of their
application in future nanoelectronic devices. One such promising candidate is
molybdenum disulfide (MoS2), which belongs to the family of transition metal
dichalcogenides (TMDs). MoS2 has substantial potential such as flexibility,
transparency, band tuneability, and high mobility even in atomically thin regions,
namely, less than 1-nm-thick. As like other 2D materials research, the early studies of
MoS2 had mainly conducted mechanical/chemical exfoliation and chemical vapor
deposition (CVD) methods. However, the exfoliation method has difficulty in the
controlling the amount of impurities as well as the large-scale formation; these are the
prerequisite for the commercialization. Even by the CVD method, it seems difficult to
realize the one-step wafer-scale uniform formation of a MoSz film on amorphous
insulating materials because of its lack of kinetic energy of the in-plane migration on the
substrate requires the precisely/adequately controlled nucleation-center. In this context,
the author, in this thesis, focuses on the application of radio frequency (RF) magnetron
sputtering method to form MoS2, which seems to meet the prerequisite for its
commercialization such as the controllability of the impurities, the wafer-size scalability,
and the sufficient kinetic energy of the sputtered atoms.

Multi-layered MoS: film was successfully formed on the amorphous insulating
materials by the sputtering method. It was found that the carrier density of
sputter-deposited film was ~10* times smaller than that of exfoliated one, this result can
be attributed to the applying the LSI-compatible clean technology. In addition, further
enhancement of both crystallinity and electrical properties were achieved by considering

the interaction between the deposited MoS: films and the substrate surface from the



perspective of the roughness of the order of A and the surface free energy. Moreover,
the consideration of the sputtering conditions, including the surface diffusion and the
transport processes of the sputtering atoms, led to enhancing the migration energy,
energy coherency, resulting in the improvement in both crystallinity and the electrical
properties. The inclusion of the considerations above enables us to realize the carrier
density of ~ 1.3 x 10'® cm™ and the mobility of ~ 47 cm?V-is?, which meet the
requirements for driving the 8k display with 120 fps, even with the as-sputtered-MoS2
film.

This study succeeded to form a MoS: film by applying the sputtering method and
achieved the sufficient carrier density and mobility even with the as-sputtered film. The
author believes this is the strong indication of the massive potential of the

sputter-deposited MoS: film for the realization of future human interface devices.
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