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Abstract
The Cu2S and SnS2 layers have been prepared by the chemical bath deposition
method. The results of SEM and EDX analyses confirm a high stoichiometry of the
synthesized semiconductor thin films. The optical properties of the Cu2S and SnS2
layers have been studied, and the optical band gap values have been determined.
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1. Introduction

Thin film solar cells attract much attention due to their low cost, high stability and

efficiency. Most of the research is focused on p-type semiconductor Cu(In,Ga)(S/Se)2
and CdTe absorber layers. The efficiency of solar cell power conversion of chalcopy-

rite based Cu(In,Ga)Se2 thin films can reach 22% [1]. However, the abovementioned

compounds consist of toxic and rare elements that limits their use in large-scale mass

production.

Recently, some ternary compounds in Cu-Sn-S system, namely Cu2SnS3, Cu2Sn3S7,

Cu3SnS4, Cu4SnS4,Cu4SnS5, and Cu4Sn7S16 have been offered as possible candidates for

photovoltaic applications [2–4]. Among the listed sulfides, Cu2SnS3 (CTS) is considered

to be the most promising absorber material due to its chemical and thermal stability;

moreover, its constituents are earth abundant and non-toxic. The band gap of this

semiconductor depends on the crystal structure and varies from 0.93 to 1.51 eV [4–6].

To date, the maximum value of power conversion efficiency in a Cu2SnS3 thin film solar
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cell is 4.8% [7]. Although this value is less than those for Cu(In,Ga)Se2 (∼22%), CuInS2
(11.4%), and Cu2ZnSnS𝑥Se4−𝑥 (12.6%) [1, 8, 9], there are different ways to increase the

Cu2SnS3 solar cells performance, for example, the use of In2S3 as a buffer layer [10] or

incorporation of alkalis (Na, Li, or K) [11, 12].

There are various techniques for the preparation of Cu2SnS3 thin film [2, 7, 8, 11, 12].

One of them is an annealing process under a sulfur atmosphere from sandwich layers

of Cu2S and SnS2. This method is based on the mobility of copper in copper sulfide

films [13], which allows Cu2SnS3 to be synthesized after appropriate heat treatment of

Cu2S/SnS2 stacked precursor layers. In this work, Cu2S and SnS2 precursor layers were

prepared by the chemical bath deposition method. The morphological characteristics

of the films were studied. Special attention was paid to the investigation of the optical

properties of precursor layers; the obtained results were compared with the available

literature data.

2. Methods

Cu2S and SnS2 layers were prepared by the chemical bath deposition method. The Cu2S

layer was synthesized from the solution of CuCl2 and Na2SO3. The latter acted as a lig-

and slowing down the speed of metal sulfide formation. The tartaric acid (C4H6O6) was

added to provide a weak acid environment. The reducing environment for Cu2+ to Cu+

transfer was provided by introduction of hydroxylamine hydrochloride (NH2OH·HCl)

having a rather high value of redox potential (𝜑𝑁𝐻3𝑂𝐻+/𝑁2
= −1.87 V). In the case of

SnS2, the synthesis was carried out from the solution of tin chloride (SnCl2) and sodium

thiosulphate (Na2S2O3). Sodium citrate (Na3C6H5O7) was used as a reagent regulating

the content of active Sn2+ ions in the reaction mixture. The deposition was carried out

for 120 minutes at 343 K in sealed reactors made of molybdenum glass, in which fat-

free glasses or sitall substrates were fixed using the teflon holders. The reactors were

placed in a TS-TB-10 thermostat, providing the accuracy of temperature maintenance

± 1 K.

The morphology and elemental composition of the samples were studied using a

JEOL JSM-5900 LV scanning electron microscope (SEM) equipped with an EDS IncaEn-

ergy 250 energy-dispersive X-ray detector. The transmittance spectra were recorded

in the interval of 200–1850 nm on a Shimadzu UV-3600 UV-VIS-NIR spectrophotometer.
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3. Results

Figure 1 shows the SEM images of the Cu2S and SnS2 thin films freshly deposited on

sitall substrates. The results of SEM and EDX analyses confirm a high stoichiometry of

the synthesized semiconductor layers. In case of Cu2S, the concentration of copper and

sulfur is 62.86±1.0 and 31.43±1.0 at.%, respectively, both in separate particles and in

interphase surfaces of the film. A small amount of chlorine (5.71 at.%) is also found in

the deposed Cu2S precursor layer that is caused by the capture of chloride ions from the

reaction mixture containing CuCl2 and NH2OH HCl. Both films are formed from particles

of 50–200 nm in size.

Figure 1: SEM images of (a) Cu2S and (b) SnS2 precursor layers deposited on sitall substrates, 100000×
magnification.

The spectral transmittance curves of Cu2S and SnS2 thin films are presented in Figure

2(a). The fundamental absorption onsets are observed at 420–800 and 800–1150 nm,

respectively, which coincides with the reported values for these phases. The optical

absorption data were analyzed to determine the optical bandgap values using the Tauc

relation [14]:

𝛼h𝜐 = C(ℎ𝜐−E𝑔)𝑛 (1)

where α is the absorption coefficient of material, hν is the photon energy, C is the

proportionality constant, E𝑔 is the optical band gap, and n is a constant associated with

different types of electronic transitions (n = ½ for direct allowed transition, n = 2 for

indirect allowed one, n = 3/2 for direct forbidden one, and n = 3 for indirect forbidden

one).

The optical absorption coefficient (α) was calculated by the equation:

𝛼 = (1/t)𝑙𝑛(1/T) (2)
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Figure 2: (a) Transmittance spectra of Cu2S and SnS2 thin films deposited on glass substrates.
Determination of the band gap energies of the layers in the approximation of (b) & (d) direct allowed
and (c) & (e) indirect allowed transitions.

where T is the transmittance of the film and t is the film thickness (in our case t = 200

nm).

Appropriate functions [αhν]1/𝑛 versus hν were plotted. Since there is a discrepancy

in the type of transitions in Cu2S and SnS2 compounds, we estimated E𝑔 taking into

account a direct and indirect allowed transitions; four functions (with n = ½ and n = 2)

were studied. The results of the fitting procedure of the linear parts are presented

in Figure 2(b)–(e). It is seen that the curves characterizing the two different types

of transitions have wide linear regions, indicating that the direct as well as indirect

bandgap relations are applicable.

The calculated E𝑔 value for the Cu2S thin film is equal to 2.25 eV and 1.70 eV for the

direct and indirect transition types, respectively. These bandgap energies are consis-

tent with the reported values of 1.1–2.2 eV for Cu2S films [4, 15, 16]. In case of SnS2 layer,

the bandgap energy values are 1.21 eV and 1.17 eV for the direct and indirect transitions,

in agreement with the literature data (0.81–3.38 eV) [17, 18]. The wide spread of the

published values may be caused by the deviation from ideal stoichiometry and by dif-

ferences in the techniques and conditions of Cu2S and SnS2 thin films preparation. The

SnS2 precursor layer synthesized in this work can be used for photovoltaic applications,

because its indirect bandgap of 1.17 eV is close to the energy band gap for optimum

solar absorbing material (1.1 eV) [4].
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4. Conclusion

The Cu2S and SnS2 layers prepared by chemical bath deposition have been studied.

Both films have homogeneous chemical composition and are formed from particles

of 50–200 nm in size. According to the transmittance spectroscopy data, the Cu2S and

SnS2 samples begin to absorb light at wavelengths less than 1150 nm and 800 nm,

respectively. The band gap energies determined in the approximation of direct allowed

types of transitions are equal to 2.25 eV and 1.21 eV for Cu2S and SnS2 thin films,

respectively. These precursor layers may be successfully used for growing kesterite

Cu2SnS3 photovoltaic absorber.
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