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Abstract: 

Large energy modulation has been achieved by the Stark effect in bilayer transition-metal 
dichalcogenides (TMDs).[1] The giant Stark effect in 2D TMDs have made modulation of exciting 
optoelectronic features, such as band gaps, energy of interlayer exciton.[1,2] In comparison with the 
widely studied modulation of optical properties by the Stark effect, studies focusing on transport 
properties are quite limited. The mobility enhancement is anticipated by applying the Stark effect to 
a bilayer 2D TMD field effect transistors (FETs). Under the out-of-plane electric field, the top/bottom 
layers are separated into transport/screening layers. Since scattering sources (ex. impurity, remote 
phonon from dielectrics) are blocked by the top screening layer, the carriers in the bottom transport 
layer are expected to have a high mobility. 

Here, we demonstrate the enhancement of carrier mobility in bilayer MoS2 FETs by the Stark effect 
as shown in Fig. 1. The wide range of out-of-plane electric fields on bilayer MoS2 FET was achieved 
by a dual-gate structure with the back-gate dielectric SiO2 (t= 90 nm, ε= 3.5) and the top-gate 
dielectric Er2O3 (t= 15 nm, ε= 7.5). The total carrier 
mobility of MoS2 field-effect transistor increased from 
29 cm2/Vs to 50 cm2/Vs with increasing the electric 
field. When the carrier distribution in top/bottom 
layers in bilayer MoS2 FET was estimated by simple 
analytical model, it was elucidated that the carriers 
were dominantly distributed in the bottom layer 
under the high electric field. Although the carrier 
mobility of the top layer was degraded due to the high-
κ gate deposition process, the carriers distributed in 
the bottom layer resulted in the enhancement of the 
total carrier mobility with the help of the screening 
effect by the top layer. Our results have paved the way 
for the realization of high mobility 2D TMD channels 
by controlling the carrier distribution using the Stark 
effect in the real application. 
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Fig. 1. Giant Stark effect in bilayer MoS2-
FETs 


