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Abstract
In this paper, we show in a series of experiments on 10 nm thick SnS thin film-based back-gate
transistors that in the absence of the gate voltage, the drain current versus drain voltage (ID–VD)
dependence is characterized by a weak drain current and by an ambipolar transport mechanism.
When we apply a gate voltage as low as 1 μV, the current increases by several orders of
magnitude and the ID–VD dependence changes drastically, with the SnS behaving as a p-type
semiconductor. This happens because the current flows from the source (S) to the drain (D)
electrode through a discontinuous superficial region of the SnS film when no gate voltage is
applied. On the contrary, when minute gate voltages are applied, the vertical electric field applied
to the multilayer SnS induces a change in the flow path of the charge carriers, involving the inner
and continuous SnS layer in the electrical conduction. Moreover, we show that high gate
voltages can tune significantly the SnS bandgap.
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1. Introduction

Bulk tin sulfide (SnS) is a direct semiconductor, with a
bandgap Eg of about 1 eV. It is abundant on Earth and, much
more important, it is not toxic. SnS is a van der Waals mat-
erial [1] showing giant piezoelectric coefficients [2]. Despite
these appealing properties, SnS is less studied than many
other semiconductors, although it is used in photonic and
electronic applications such as photodetectors, solar cells,
photochemical cells, and battery anodes [3, 4].

With the occurrence of the van der Waals materials,
which is an emergent research area in nanotechnologies and
nanoelectronics, the interest in SnS with thicknesses ranging
from one monolayer up to 10–15 nm has increased [1] and
new applications of this material in nonlinear optical devices
have materialized [5]. Recently, it was discovered that thin
films of SnS are parallel-polarized ferroelectric semi-
conductors and SnS works as a synapse in neuromorphic
applications [6]. Using in-plane ferroelectricity of SnS, min-
iaturised microwave phase shifters with a phase shift of 30
degrees mm−1 at 1 GHz and very low losses (an average of 2
dB in the frequency range 2–20 GHz) were developed at the
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increasing with 3–4 orders of magnitudes. We have identified
the conduction mechanisms that are responsible for such
unusual experimental results, and we have shown that high
back-gate voltages values are responsible for the modulation
of the SnS bandgap as Eg(VG) = Eg(0) + 0.154VG −
0.0166V2

G. These results indicate that thin films of SnS work
as an ultralow voltage (1 μV) electrical switch, and the that
the Eg(VG) dependence can be used to engineer van der Waals
superlattices with the bandgap induced by a gate voltage not
exceeding 3–4 V.
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