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Understanding and Selective Termination of Edge States in Atomic-Layer Semiconductors
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Atomic layer materials are expected to contribute to the miniaturization of electronic devices,
but the miniaturization is expected to be accompanied by narrowing of the atomic layers. In
this case, it is important to terminate the edges with different elements and molecules to reduce
the negative effects of the edges, which would increase as the atomic layer becomes narrower.
However, it is difficult to separate the edge termination effect from the surface adsorption
effect in the study of edge termination of atomic layer materials. In this study, we explored the
possibility that back-gated field-effect transistors (FETs) with thick crystals allow an electrical
current channel to be away from the surface, thereby neglecting the surface adsorption effect.
We investigated the effect of a fluorine plasma treatment on the characteristics of back-
gated FETs based on thick multilayer flakes of molybdenum disulfide, a typical atomic layer
semiconductor. A mild plasma treatment was found not to increase the density of electronic
states within the bandgap, indicating that the negative effects of the plasma treatment on the
surface did not extend to the channel. As a result, it was possible to investigate the fluorine
termination effect only on the edges. As changes in FET characteristics due to the fluorine
termination of the edges, the electrical current hysteresis was reduced and the field-effect
mobility was increased. This is understood to be due to the hydrophobic effect of the fluorine-

terminated edges, which prevents the adsorption of water molecules.
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