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Electric field modulated photoluminescence from WS, monolayers

FEI Meng, XIE Wei
(School of Physics and Electronic Science, East China Normal University, Shanghai 200241, China)

Abstract: Two-dimensional materials have been used in applications across a variety of fields; transition
metal dichalcogenides(TMDCs), in particular, are a candidate for use in the field of optoelectronics due to
the presence of a band gap. In this paper, WS, monolayers prepared by micro-mechanical exfoliation are
transferred to two micro-period electrode structures. We found that the photoluminescence of the material
is modulated by external bias. We studied the effects of bias on the photoluminescence of the WS,
monolayer at room temperature and low temperature. The corresponding characteristics and physical
mechanisms of the photoluminescence(PL) spectra, moreover, are analyzed and discussed. With the
application of bias to modulate the optical properties of the WS, monolayer, it is expected that the
technology can be applied to many photoelectric products, including field effect transistors, photodetectors,
flexible electronic devices, and heterojunction devices.
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Fig. 1 a) Photograph of the device assembled with a WS, monolayer and a 30 pm electrode, the white dotted
frame indicates the WS, monolayer; b) Schematic cross-sectional view of the measurement area of the device,
the electric field distributions are simulated using Comsol Multiphysics software; Pictured here are
cross-sectional electric field distributions and partial magnified views of a pair of
¢) 30 pm and d) 10 pm electrodes before and after attaching a monolayer
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Fig. 2 a) PL of monolayer at A with bias; b) Scatter plot of peak position at A with bias;
¢) PL of monolayer at B with bias; and d) Scatter plot of peak position at B with bias.
The arrow indicates the direction of the bias change from —-30 V to 30 V
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Fig. 3 a) Photograph of the device assembled with a WS, monolayer and a 10 pm electrode; the white dotted
frame indicates the WS, monolayer; b) The exciton peak intensity varies with the bias; (D has a decreasing trend
(blue bar), @ has an increasing trend (red bar), and @ has a no single change trend (purple bar)
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Fig. 4 At a temperature of 10 K: a) PL of monolayer at C with bias; b) Scatter plot of peak

position at C with bias; ¢) PL of monolayer at D with bias; and d) Scatter plot of peak position
at D with bias. The arrow indicates the direction of the bias change from —30 V to 30 V
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