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Mechanical and Electrical Control of Excitons in Suspended Bilayer MoSe,
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Abstract: Two-dimensional transition metal chalcogenides (TMDs), such as molybdenum selenide (MoSe,), have excellent electri-
cal, optical and mechanical properties, and are ideal materials for the study of nano-opto-electro-mechanical coupling systems (NO-
EMS). The absorption and emission characteristics of TMDs excitons can be dynamically modulated based on the NOEMS system.
In this paper, bilayer and monolayer MoSe, nano-opto-electro-mechanical devices with suspended structure are fabricated respective-
ly. By measuring mechanical resonance at a cryogenic temperature of 10 K, it is found that the mechanical resonance linewidth of bi-
layer MoSe, is significantly wider, hence lower mechanical quality factor, than that of monolayer MoSe,. PL photoluminescence of
the inter-layer exciton in the suspended bilayer MoSe, exhibits enhanced intensity than bilayers supported by a hexagonal boron ni-
tride (h-BN) substrate, yet is far lower than the that of intra-layer exciton in the monolayer case. The intra-layer excitons, seen in the
suspended bilayer MoSe,, however, are quenched in the h-BN-supported region. In addition, by applying a gate voltage, we find that
the electrostatically-induced strain plays a more pronounced role than that of the electric doping in our suspended devices.
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Fig. 1 Structure of typical few-layered MoSe, nano-mechanical oscillator

(a) Optical image of bilayer MoSe,. The inset is the morphology measured by AFM and its corresponding step height. (b) Structural

schematics based on few-layered MoSe, heterojunction. Optical image (c) and AFM image (d) of a device after fabrication. In (c)

and (d), the purple dash-dotted lines, yellow dash-dotted lines, and circle dashed lines, indicate MoSe,, Gr, and holes, respectively
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Fig. 2 Mechanical resonance results of bilayer and monolayer MoSe, nano-mechanical resonator

(a) The resonance amplitude versus driving frequency of 1L and 2L MoSe, mechanical resonators for V,=—5. 5V, respectively. f; is the

resonance center frequency, whereas Amplitude is the normalized resonance amplitude. (b) Quality factor (Q) versus gate voltage (V)

of 1L and 2L MoSe,, respectively
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Fig. 3 Microscopic PL measurements of suspended 1L and 2L MoSe, nanostructures at low temperature

(a) PL spectra of 2L MoSe, at BN substrate, suspended region, and 1L MoSe, at suspension region for V,=0 V, respectively. (b) The

PL intensity versus V, of 2L MoSe, at suspended region and BN substrate, respectively. Two-dimensional mapping of PL and V, at

suspended region (c), and BN substrate (d) of 2L MoSe, sample, respectively
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