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Purpose of this study is to investigate electronic properties of
two-dimensional materials (2DMs) under perpendicular electric field. To produce large homogeneous
electric field, we have combined electron transfer method and electrostatic gating method. Using
mono-/bi-layer graphene, we found that electron-transfer molecules produced 1nhomogeneous electric
field and degraded the mobility. These disadvantages were solved as follows. First, the ionic liquid

gate enabled us to produce homogeneous electric Tield because the movable ions were arranged to
suppress the inhomogeneity. Next, molecules with high symmetry and small size had a tendency not to
decrease the mobility. Furthermore, unique electric-field effect was found in doped topological
insulator in which the mobility depended on the direction of the electric field.
Our findings are useful for inducing novel electronic phenomena and producing multi-functional 2DM
devices under electric field.
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