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Transition metal dichalcogenide monolayers as gate controlled field emitters
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Abstract

Monolayers of molybdenum disulfide (MoS,) and tungsten diselenide (WSe,) have been synthetized by chemical-vapour deposition on a SiO,/Si substrate. They were initially contacted to realize back-
gated field-effect transistors, both showing n-type conduction under high-vacuum conditions. The n-type conduction enables field emission (FE), i.e. the extraction of electrons by quantum tunneling
under the application of a high electric field. Local field emission measurements from the edges of the monolayers have been performed inside a scanning electron microscope (SEM) by using a
nanomanipulated tip-shaped anode [1,2]. We demonstrate a turn-on field of the order of 100 V um-1 and a good time stability of the emitted current for both materials. Finally, we show that the field
emission current can be modulated by the back-gate voltage, opening the way for the development of a field-emission vertical transistor.
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Layout of a typical device, where the Si Scanning electron microscopy (SEM) top The Mos, flakes (CVD grown) are MosS, FET layout and schematic
substrate, functioning as the back-gate, is view of a contacted WSe, flake. The monolayer according to the PL and of the common source configuration
connected to a voltage generator and the transistor formed between the leads 1 and 2 Raman characterization performed used for the electrical characterization

metal leads, constituting the source and the corresponds to a WSe, channel with length L before metal deposition
drain of the transistor, are connected to a ~ 2 um and average width W = 19 pum. Ti/Au (10/40 nm) electrodes
source-measurement unit (SMU).
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. Vos > Ve ) The back gate can be used to electrically control the doping level of the MoS, channel. Greater
p-Si Neesd o The application of a positive gate voltage availability of conduction electrons increases the tunneling probability. Therefore, a positive
5 | 05| E\ induces n-doping in the WSe, channel. The voltage on the gate is expected to enhance the FE current. Indeed, experimental data confirm an
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current, which is thereby gate-controlled.
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