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Abstract
In this paper we present the microwave properties of tin sulfide (SnS) thin films with the
thickness of just 10 nm, grown by RF magnetron sputtering techniques on a 4 inch silicon
dioxide/high-resistivity silicon wafer. In this respect, interdigitated capacitors in coplanar
waveguide technology were fabricated directly on the SnS film to be used as both phase shifters
and detectors, depending on the ferroelectric or semiconductor behaviour of the SnS material.
The ferroelectricity of the semiconducting thin layer manifests itself in a strong dependence of
the electrical permittivity on the applied DC bias voltage, which induces a phase shift of 30
degrees mm−1 at 1 GHz and of 8 degrees mm−1 at 10 GHz, whereas the transmission losses are
less than 2 dB in the frequency range 2–20 GHz. We have also investigated the microwave
detection properties of SnS, obtaining at 1 GHz a voltage responsivity of about 30 mVmW−1 in
the unbiased case and with an input power level of only 16 μW.

Keywords: ferroelectrics, microwaves, semiconductors, thin films, tin sulfide, detector, phase
shifter

(Some figures may appear in colour only in the online journal)

1. Introduction

Tin sulfide (SnS) is a direct bandgap semiconductor (bandgap
Eg =1.3 eV), and a nontoxic and earth-abundant material
used in many photonic and electronic applications, such as

photodetectors, solar cells, photochemical cells, battery
anodes, and gas sensors [1, 2]. Due to its physical properties
and especially ferroelectricity, SnS is nowadays one of the
most studied two-dimensional (2D) compounds, since it is a
van der Waals material formed by several piled up mono-
layers [3]. SnS films with a few-atom thickness have found
applications in ferroelectric analogue synaptic devices for
artificial neural network applications [4] and nonlinear optics
[5]. However, the microwave properties of 2D SnS are
completely unknown, as well as the ones of other 2D
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also the frequency at which the phase shift in figure 4(a) is
maximum. In fact, as demonstrated in [21], an increased AC
conduction of the ferroelectric domain walls in the gigahertz
range occurs in nanometric scale ferroelectrics, which is likely
due to morphological roughening of the walls and local
charges induced by the SnS disordered nano crystalline-like
structure. In other words, this gigahertz conduction manifests
in a twofold way: (i) maximization of microwave phase shift;
(ii) maximization of microwave detection. One can notice that
the responsivity is very good, considering that the research on
SnS is still in its infancy and no SnS-based microwave
devices exist so far to demonstrate its high-frequency cap-
abilities, meaning that no comparison can be made with
standard Schottky detectors. In detail, RV is equal to about
30 mVmW−1 for an input power of −18 dBm (i.e. 16 μW),
whereas between −6 dBm and 6 dBm (i.e. between 0.25 and
4 mW) it keeps an average value of 20 mVmW−1, finally
decreasing to about 12 mVmW−1 at an input power of
12 dBm (i.e. 16 mW) after an abrupt increase for an input
power of 8 dBm (i.e. 6.31 mW) probably due to nonlinear
phenomena inside the SnS thin film (which induce different
RF-to-DC power conversion efficiencies). The chosen range
of input microwave power represents the minimum (i.e.
−18 dBm) and maximum (i.e. 12 dBm) power that can be
detected by the SnS layer beyond the noise level and avoiding
distortion phenomena due to intermodulation effects.

4. Conclusion

In this paper, we have presented the microwave properties
and performance of a thin film of tin sulfide (SnS) grown on a
silicon dioxide/silicon wafer by RF magnetron sputtering. In
detail, we have shown that a coplanar waveguide line with an
embedded interdigitated capacitor deposited on the tin sulfide
layer acts as a ferroelectric device with in-plane polarization
and low transmission losses in the frequency range
2–20 GHz. Even if the extraction of the dielectric constant
from such multilayer structures on nanoscale films is not a
trivial issue, we have obtained the effective permittivity and
the phase shift on a large frequency range and as a function of
the applied DC bias voltage. A big advantage is represented
by the fact that the total phase shift can be engineered at any
desired value by using multiple interdigitated capacitors
connected in series and/or parallel configuration, since the
microwave losses are less than 1 dB all over the band of
interest. This aspect, together with the possibility of depos-
iting the SnS thin films directly on silicon dioxide/silicon
substrates, offers promising perspectives of exploiting such
nanoscale semiconducting ferroelectrics into future nanoe-
lectronics for high-frequency applications.
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