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Ionic liquids (IL’s) are non-volatile fluids, consisting of cations and 
anions, which are ionically conducting, but electrically insulating 
and nowadays widely used for high field-e�ect carrier injection. 
Allowing conformal surface doping, IL’s are very suitable gate 
dielectrics for nanodevices such as nanotubes and nanowires. 
Good candidates are the atomically flat inorganic transition metal 
dichalcogenide nanotubes (TMDC INTs). Astonishingly, in spite of 
the considerable amount of work devoted to carbon nanotubes, 
the potential of TMDC INTs for electronic and optoelectronic 
device applications has been widely overlooked.

Other candidates are III-V semiconductor nanowires, where 
advanced field e�ect control represents a key aspect for both 
fundamental studies and technological application.

In this project, we realized high-quality ambipolar IL-gated field-
e�ect transistors (FETs) based on multi-walled WS2 nanotubes 
(Fig. 1a). A FET transfer characteristic is displayed in Fig. 1b. The 
operation performances of our INT FETs are comparable to that 
of best electrical double layer gated WS2 thin flakes. We obtained 
mobility up to 80 cm2V−1s−1 for both p- and n-type charge carriers 
and on-o� current ratios exceeding 105. The IL-gate allowed us 
to establish a pn-junction in the INT, leading to a light-emitting 
diode. Fig. 1c shows the same device before the measurement 

and in the light emission regime. An electroluminescence (EL) 
spot appeared on the INT between drain and source electrodes.

Additionally, we realized new IL-gated FETs based on single 
InAs nanowires (Fig. 2a–c). Fig. 2d displays a transistor transfer 
characteristic, showing an on-o� current ratio of 103 when going 
from complete electron depletion to high electron injection. 
The nanowires undergo a transition from insulating to metallic 
at high electron doping levels. The promising performances 
resulting from the conformal doping open an avenue for new IL-
gated III-V nanowire devices.

Fig. 2: InAs nanowires: a) and b) SEM and STEM image of individual InAs 
nanowires. c) SEM image of a NW device. d) FET transfer characteristic.

Fig. 1: WS2 NT’s: a) TEM image of a WS2 nanotube. b) FET transfer 
characteristic. c) Optical image of a device before the measurement and in 
the light emission regime.
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