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Electric double-layer transistors (EDLTs) have been utilized for controlling the electronic properties of various
two-dimensional materials (2DMs) via the accumulation of the high-density carriers. In this thesis, the dual-gate
structure, which consists of the top gate with the EDL of an ionic gel (IG) and the bottom gate with the solid dielectric,
has been employed to distinguish the electric-filed effect from the carrier-doping effect. The thesis includes the study
on four topics using monolayer graphene (MLG), bilayer graphene (BLG), and topological insulators (TIs), as follows:

(1) The electric field produced in the dual-gate FET is quantitatively evaluated from the bandgap (E;) of BLG. BLG
devices were prepared on electron-donating self-assembled monolayers. The values of E, were evaluated from the
minimum conductivity (omin) at the charge neutrality point (V4), which was measured by sweeping the top gate voltage
(Vi) at each bottom gate voltage (Vpg). The results indicated that the large electric field was produced by combining
the electron transfer and the EDL gating to enhance the band gap of BLG.

(2) The transport property of MLG is studied under the electric field. The values of omin and the mobility increased
with the total electric field. Furthermore, the electron mobility was smaller than the hole mobility at the downward
electric field, or vice versa, indicating that the electrons (or holes) in MLG were scattered by the cations (or anions) in
the IG. The transport in MLG could be controlled by arranging the ions in the IG under the electric field.

(3) The difference in the geometrical capacitance (ftg for the IG on MLG and BLG is explored. The (ftg was
evaluated from the contour plot of V; as a function of Vi, and V.. By reducing the stray capacitance and experimental
errors, C_tg in BLG was found to be smaller than that in MLG, which was explained by assuming that the penetration
depth of the electric field is appended to the EDL thickness.

(4) The EDL gating is extended for a TI, BiisSbosTe,Se, to identify the characteristic surface transport by
controlling the Fermi level (Ef). The semimetallic behavior changed to be metallic at positive Vi, and insulating at
negative V. The successful tuning of the Eris the first step toward the detailed research of the surface transport in TIs.

In summary, the effects of the electric field on the electronic properties of MLG, BLG, and TI were studied. The
author demonstrated that the dual-gate EDLT technique allowed to investigate not only carrier accumulation but also
band engineering induced by the electric field. The control of 2DMs with the dual-gate EDLT provides a versatile

platform for exploring unprecedented electronic phenomena as well as developing new functional devices.
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