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Abstract: CFTS semiconductor particles with the structure of
Cu,FeSnS, have attracted the attention of researchers as one of
the newest materials in the field of absorber layer of thin film
solar cells and interlayer layer in perovskite solar cells. This P-
type structure has greatly raised the hopes to achieve an
efficient low-cost structure due to the use of abundant
elements in the earth's crust, direct band gap in the range of
solar radiation intensity, and high absorption coefficient (10*
cm ). The synthesis of CFTS semiconductor nanoparticles
was performed through a solvothermal process with simple
and cheap precursors. The degree of crystallinity and the
direction of crystal growth of the structure were evaluated by
XRD analysis. The topography of the particles was carried out
through a field emission scanning electron microscope (FE-
SEM), and the percentage of the elements of the structure was
determined through EDS analysis. The band gap of the
particles was calculated through UV-Vis spectroscopy and the
absorption spectrum of the structure. The results of the XRD
analysis indicated the formation of a structure with high purity
and a favorable degree of crystallinity. The average size of the
particles was obtained to be in the range of 1-2 um, and the
particles were uniform spheres with a sheet-like surface. The
results of EDS analysis indicated an optimal percentage of
structural elements and a band gap of particles in the range of
1.43 eV, indicating good agreement with the reported values.
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Introduction

Many efforts are underway to develop renewable
and clean energy production, especially solar
energy. Industrial production of silicon, CIGS,
CdTe, and Dye solar cells is limited due to high
production costs, the use of rare materials, the lack
of stability, and high toxicity. Theoretically, CZTS

—

solar cells are an optimal structure for
industrialization by overcoming these limitations.
Due to the number of additional secondary and
ternary phases, it is challenging for researchers to
make a pure Kasterite CZTS phase. To solve the
inherent defects of the CZTS structure, zinc is
replaced by iron in the CFTS structures. In this
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condition, the band gap matches the maximum of
the sunlight spectrum which is around 1.4 eV.
Moreover, CFTS is composed of only earth-
abundant, relatively non-toxic, and inexpensive
elements. In addition, the replacement of zinc by
iron in CZTS thin films reduces the optical band
gap energy. Since iron has a better placement in the
network, it increases the conductivity and efficiency
of converting sunlight into electricity. In this paper,
a solvothermal-based method with easy precursors
was presented for the synthesis of pure and optimal
CFTS particles.

Materials and Methods

1. Materials

Quaternary CuyFeSnS; (CFTS) semiconductor
structures were synthesized using simple and
available precursors. For the synthesis of these
structures, 2 mmol of copper (II) nitrate salt
(CuN,04.3H,0), 1 mmol of iron (II) chloride salt
(FeCl,.2H,0), 1 mmol of tin (II) chloride salt
(SnCL,.2H,0) and 5 mmol of thiourea (CH4N,S)
were used as a source of sulfur element, 4 g of
polyvinylpyrrolidone n (CsHyNO), abbreviated as
PVP as a steric hindrance agent, and 50 ml of
ethylene glycol (C,Hg0,), as a solvent, were used
for this synthesis.

2. Synthesis method

First, the precursors were dissolved by ethylene
glycol solvent in different proportions using a stirrer
at ambient temperature. After adding cationic
precursors (Cu, Fe and Sn), PVP solution was
added to them. In this step, the solution was mixed
well at 900 rpm, at 70 temperature, and for 10
minutes. Then, the thiourea solution was added to
the rest of the precursors. Using a magnetic stirrer,
the final solution at 80 degrees for 20 minutes at
900 rpm was mixed. Finally, the obtained solution
was transferred into a 100 ml stainless steel
autoclave with Teflon inner cover. A filling factor
of 50% was considered for this synthesis. Then, to
start the heating process, the autoclave was placed
inside the oven at a temperature of 200 °C for 12 h
with rate of 0.6 degrees per minute. At the end,
when the process was finished, it was naturally
cooled in room temperature. After the solvothermal
step, the final product was purified with ethanol
96% and centrifuged. In order to ensure the
removal of impurities and additional ions, seven
washing steps were performed with 8000 rpm
centrifugation, each for 10 minutes. Finally, the
product was dried in a vacuum tube furnace under a
pressure of 10° mbar for calcination. At duration of
calcination, the product was staying at the final
temperature of 100 degrees for two hours.

Results

XRD analysis was considered to investigate the
type of crystal structure and crystal growth
directions of the synthesized structures. The
location of the peaks confirmed with the card
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number 1476-044-00, according to the database of
the analysis software of this analysis’s results
(Xpert high score), and indicated the tetragonal
crystal structure with the specific name of stannite.
By examining the FESEM analysis, the presence of
uniform spherical particles in the form of spheres
with planar surfaces could be seen. The average
size of the measured particles was in the range of
1.6 um. The results of EDS analysis showed that
the percentage of elements in the composition of
CFTS are 21, 14, 10 and 55% for Cu, Fe, Sn, and S,
respectively. Through the analysis of the UV-Vis-
NIR absorption spectrum of CFTS particles and the
Tauc plots relationship, the band gap of the
particles was obtained in the range of 1.43eV,
which was in good agreement with the reported
values and the optimal amount.

Discussion and Conclusion

CFTS quaternary semiconductor structure was
synthesized by the solvothermal method. The XRD
analysis was used to check the degree of
crystallinity and the direction of crystal growth of
the structure. The topography of the particles was
confirmed by scanning electron microscope (FE-
SEM). The percentage of the elements of the
structure was confirmed by EDS analysis. The band
gap of the particles was calculated using UV-Vis
spectroscopy and analyzing the absorption
spectrum of the structure. The results of XRD
analysis indicate a tetragonal crystal structure with
the specific name of stannite, and no additional
phase was observed in the structure. By performing
Williamson-Hall and Debye Scherer calculations on
the results of XRD analysis, the number of strain of
the crystal structure was measured in the range of
4% and the size of the crystallites in the range of 1
um. The SEM images showed a spherical
topography with planar surfaces, and these images
confirmed the desired uniformity in the size and
shape of the synthesized particles. The results of the
EDS showed the achievement of the desired
percentage of elements in the synthesized structure.
The stoichiometry of combination of precursors
was: copper 21%, iron 14%, tin 10%, and sulfur
55%. As a result, the values of Fe/Sn = 1.4 and
Cu/(FetSn) = 0.8 were obtained for the
combination of precursors that in good agreement
with the reports and theoretical stoichiometry. The
results of UV-Vis spectroscopy indicated the high
absorption of the synthesized structure in the
maximum spectrum of the sunlight. By performing
calculations using the absorption spectrum, the
band gap of the synthesized particles was obtained
in the range of 1.43 eV, which is consistent with the
other reports and optimal results. Due to the
absorption rate and band gap range, these particles
have potential for the future of this type of structure
as an absorbent material in thin film solar

cells.
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