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Abstract
The earth-abundant Cu-Sn precursor was thermally evaporated sequentially on microscopic glass slides at substrate
temperature of 100°C with control thickness of 100nm and 500nm. The deposited bi-layer of Cu-Sn precursor was then
sulphurized at 400°C in a custom-built reactor for 1hour. The deposition was uniformly spread on the microscopic glass
substrate. The XRD spectra revealed the crystal structure, phase and lattices as Kuramite, Tetragonal, Polycrystalline Cu3SnS4
[112], d = 3.130 and at 2Ѳ = 28.49°. The SEM revealed a densely packed, pin-hole free Cu3SnS4 thin film of grain size of
approximately 2µm. The surface profiler revealed that the evaporated Cu3SnS4 thin film was rough. Ra = 77.85nm and Rq =
99.79nm for Cu3SnS4 films evaporated at 100°C with controlled thickness of 100nm. Ra = 1205.06nm and Rq = 1486.62nm
for Cu3SnS4 films evaporated at 100°C with controlled thickness of 500nm. The electrical resistivity of the film was found to
be 46.1532Ω-cm. The absorption coefficient is in the order of >105cm-1 and the energy gap, Eg, is 1.46eV. The refractive index,
n is in the range of 5.5 – 6.03. Hence, evaporated Cu3SnS4 thin film is proposed as good potential material suitable for nontoxic, low cost, earth abundant absorber layer of solar cell.
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1. Introduction
The need for newer materials suitable for many device
applications necessitates the search for cheap, abundant,
environmental friendly, affordable, effective and efficient
materials.
Researchers are now showing interest in the growth of
ternary chalcogenide thin films because of their uses in
optoelectronics, solar cells, light emitting diodes and infra
red detectors [1]. Recent interest in thin film photovoltaic is
mainly because of improvements and optimizations in
conversion efficiency of cells, and effective lowering of the
manufacturing costs compared to expensive crystalline and
poly crystalline silicon technology. Efforts have been made to
search for non-poisonous and cost effective new materials for

the development of various devices [2]. Various methods
have been adopted for the growth of thin films. Among these
are Plasma-Enhanced Chemical Vapour Deposition [3],
Metal-Organic Chemical Vapour Deposition [4], Thermal
evaporation [5], Chemical Bath Deposition [6], ClosedSpaced sublimation [7], Vacuum evaporation [8],
Electrodeposition [9], sputter deposition [10], molecular
beam epitaxy [11] and spray pyrolysis [12].
High optical transparency, high photoconductivity, low
dark electrical resistivity and better crystallinity have been
reported as necessary requirements for materials to be
suitable as optoelectronic device [2]. A thin film of energy
gap within the range 1.0 ≤ Eg≤ 1.5 is reported suitable as
absorber layer of solar cell [13].
A deposited film of large grain size encourages high
charge mobility and less resistivity [6]. In this work,

58

Joseph Abiodun Amusan and Samuel Ogochukwu Azi: Optoelectronic Properties of Evaporated Earth-Abundant,
Kuramite Cu3SnS4 Thin Films for Photovoltaic Cells

preparation of non-toxic, earth-abundant, cheap Cu3SnS4 thin
film by evaporation in vacuum and sulphurization methods is
reported. The structural, optical and electrical properties of
the deposited Cu3SnS4 films were investigated. Also, suitable
device application of the deposited Cu3SnS4 thin films is
proposed.

2. Methods
Elemental Copper (Cu) and Tin (Sn) precursors of high
grade purity, 99.9% were sequentially, thermally evaporated
on previously cleaned microscopic glass substrate in the
vacuum at thickness of 100nm, 500nm and substrate
temperature of 100°C using Edwards FL 400 Auto 306
system.
The evaporations were carried out in oil pumped vacuum
system operated in the order of 10-5 to 10-6 Torr range of
vacuum pressures [13]. Both the substrate and the source
material were heated using resistive elements with a shutter
incorporated to control the deposition time (Figure 1).
The bi-layer of deposited Cu-Sn thin films were
sulphurized at 400°C in a custom-built sulphurization set-up
similar to the one reported by [14], as seen in Figure 2.
Noticeable changes were observed in the colour of the films
after sulphurization.

Figure 1. Thermal evaporator (model: Edward FL 400 Auto 306 System).

Figure 2. Setup for sulphurization process [13].

The structural characterizations of the evaporated Cu3SnS4
thin films were carried out. X-Ray Diffractometer (model:
PAN analytical X-Pert pro) with anode of CuKα (λ1 =
1.54060, λ2 = 1.54443A°), CuKβ (λ1 = 1.39225A°) measured
the crystallographic pattern, position, phases and structure of

evaporated Cu3SnS4 thin films mounted at 4° and scanned
from 10° to 80° in steps of 0.05°. The Scanning Electron
Microscope (model: ZEISS EVO/MA 10) imaged the
morphological structure of the evaporated Cu3SnS4 films and
embedded Energy Dispersive X-Ray System (EDS) analysed
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the composition of the films at different magnifications of
500x, 5Kx and 10Kx. The thickness of the films was
measured with surface profilometer (model: Dektak ® 150).
The electrical characteristic of evaporated Cu3SnS4 thin
films was measured with Semiconductor Characterization
System (model: Keithley 4200).
The optical characteristics of evaporated Cu3SnS4 thin
films were measured with UV-Vis-NIR spectrophotometer
(model: Avantes Ava Spec. 2048 Fibre optic Spectrometer).
The characteristics such as Transmittance, Absorbance and
Reflectance at various wavelengths within Ultraviolet –
Visible spectra regions were obtained from the
spectrophotometer. These were consequently used to
determine the energy gap, refractive index and extinction
coefficient of the films.
Band gap energy and transition type can be derived from
mathematical treatment of data obtained from the coefficient
of optical absorbance, α versus wavelength with Stern
relationship of near-edge absorption [15]:

α=

A(hv − E g )

n
2

(1)

hv

where:
v = frequency (Hz)
h = Planck’s constant=6.63 x 10-34 Joules.
A is a constant
N =1 or 4.
The value of n =1 for the direct transition and n = 4 for
indirect transition.
[15] and [1] had already established the film as direct
energy gap semiconductor. So, n = 1 is adopted to determine
energy gap of the evaporated Cu3Sn4 film.
The absorption coefficient was calculated using the
equation as given by [16] and [17]:

1
t



α = − ln 


(1 − R )4 + 4T 2 R 2 − (1 − R )2 
2T 2 R 2



(2)

where:
t = thickness of the film.
T =Transmittance
R = Reflectance
α =Absorptioncoefficient.
The energy bandgap (Eg) was obtained from a straight line
plot of (αhv)2 as a function of hv. Extrapolation of the most
linear part to the base line, where the value of (αhv)2 = 0
gives Eg.
The refractive index, n of the evaporated film was
calculated from the relation:

η =
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(3)

where:
R = Reflectancevalue.
The extinction coefficient, Ҡ was calculated using:

α =

4π Κ

λ

(4)

where
λ = wavelength
The optical conductivity, σ0 of the film was calculated
from the equation:

σ0 =

αnc
4π

(5)

Where:
c is the speed oflight
n is the refractiveindex.

3. Results
The first element Tin (Sn) was evaporated at 100°C with
thickness 50nm on the cleaned microscopic glass substrate.
The deposition appeared silvery, homogeneous and
transparent on the glass substrate. The evaporation of second
layer, Copper (Cu) sequentially at 100°C with thickness
50nm produced a film surface that was bluish – brown. The
same procedure was maintained for sequential evaporation of
Tin (Sn) with thickness 250nm and Copper (Cu) with
thickness 250nm at substrate temperature of 100°C. The
evaporated films adhered well to the surface of the substrate,
uniformly thin and pin-hole free. The colours of the films
changed to dark- brown with noticeable weak adhesion
between the films and the glass substrates after
sulphurization at 400°C for 1 hour.

4. Discussion
The spectra in Figure 3 show the crystal structure, phases
and reflections on the film deposited at 100°C with thickness
100nm. The prominent peak is identified as Kuramite
Cu3SnS4 (112) which is Tetragonal structure at 2Ѳ = 28.49°
with lattice spacing, d = 3.130. The film is polycrystalline
consisting elemental combinations of Cu, Sn and S.
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Figure 3. XRD pattern of Cu3SnS4 film evaporated at 100°C with thickness 100nm.

Figure 4 shows the micrograph of the evaporated Kuramite Cu3SnS4 thin film at 100°C with thickness 100nm. The film was
characterized with grains that spread all over the glass substrate. The grain size is approximately 2µm, densely packed and pin
hole free.

Figure 4. Micrograph of Cu3SnS4 film evaporated at 100°C with thickness 100nm.
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Figure 5 also shows the micrograph of Cu3SnS4 thin film deposited at 100°C with precursor thickness of 500nm. The grain
size is approximately 2µm. Few grains are visible and the layer is characterized with pin-holes. The grains increased in growth,
coagulated and distributed randomly over the surface of the film substrate. The sizes of the grains exhibited random orientation
as it varies from one another.

Figure 5. Micrograph of Cu3SnS4 film evaporated at 100°C with thickness 500nm.

Figure 6. EDX spectra of Cu3SnS4 thin film evaporated at 100°C with precursor thickness of 100nm.

Figure 7. EDX spectra of Cu3SnS4 thin film evaporated at 100°C with precursor thickness of 500nm.
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The EDX spectra of Cu3SnS4 thin film evaporated at
100°C with precursor thickness of 100nm and 500nm are
shown in Figures 6 and 7 respectively. The spectra also
confirmed the presence of constituent elements Copper (Cu),
Tin (Sn) and Sulphur (S) in different weighted percentages.
Cu is 9.25% weight, Sn is 15.16% weight and S is 9.27%
weight (Figure 6). Cu is 31.76% weight, Sn is 14.33% weight
and S is 13.08% weight (Figure 7). Artefacts such as Na, Mg,
Si from glass substrate are present in the films.
The employed Surface profiler produced the topography of
the evaporated films. The stylus of the profiler scans the film
surface in raster pattern and generates the roughness graphs.
The entire process (peaks and valleys) is averaged and the

value is inferred as Ra. The Root Mean Square (r.m.s) of
roughness which relates to optical quality of the surface is
given as Rq. The roughness values are Ra = 77.85nm, Rq =
99.79nm for Cu3SnS4 films evaporated at 100°C with Cu-Sn
precursor thickness of 100nm. Also, Ra = 1205.06nm and Rq
= 1486.62nm for Cu3SnS4 films evaporated at 100°C with
Cu-Sn precursor thickness of 500nm.
The electrical resistivity of Cu3SnS4 films evaporated at
substrate temperature of 100°C with thickness 100nm was
found to be 46.1532Ω-cm. The Current – Voltage (I-V)
characteristic curve of Cu3SnS4 films evaporated at substrate
temperature of 100°C with thickness 100nm is shown in
figure 8. The characteristic curve is ohmic and rough.

Figure 8. I-V Characteristic of Cu3SnS4 film evaporated at 100°C with thickness 100nm (Cross-planar measurement).

Figures 9 and 10 show typical transmittance and reflectance spectra of Cu3SnS4 thin films evaporated at 100°C with Cu-Sn
precursor of 100nm and Cu3SnS4 thin film evaporated at 100°C with Cu-Sn precursor of 500nm respectively. The films are
more transmitive than reflective in the visible wavelength (350nm – 800nm) region. This connotes that more photons are
transmitted in the films.
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Figure 9. Transmission and Reflection spectra of Cu3SnS4 thin film evaporated at 100°C with Cu-Sn precursor thickness of 100nm.

Figure 10. Transmission and Reflection spectra of Cu3SnS4 thin film evaporated at 100°C with Cu-Sn precursor thickness of 500nm.

Figure 11. Plot of (αhv)2 versus hv of Cu3SnS4 film evaporated at 100°C with precursor thickness of 100nm.
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Figure 12. Plot of (αhv)2 versus hv of Cu3SnS4 film evaporated at 100°C with precursor thickness of 500nm.

The plot of (αhv)2 versus hv of Cu3SnS4 thin films
evaporated at 100°C with precursor thickness of 100nm is
shown in Figure 11. The energy gap, Eg is found to be 1.46eV.
Its refractive index, n is 6.03. The extinction coefficient, K is
37827123.03 and optical conductivity, σ0 is 1.64236E+15.
Also, the plot of (αhv)2 versus hv of Cu3SnS4 thin films
evaporated at 100°C with precursor thickness of 500nm is
shown in Figure 12. The energy gap, Eg is found to be
1.46eV. The refractive index, n is 5.58. The extinction
coefficient, K is 3567806.11 and optical conductivity, σ0 is
6.11368E+13.

5. Conclusion
The novel material, Cu3SnS4 thin film has been
successfully prepared using thermal evaporation and
sulphurization techniques. The energy band gap of the film is
1.46eV, the absorption coefficient is in the order of >105 cm1
. The revealed structural, electrical and optical properties of
evaporated Cu3SnS4 thin film propose this material as good
potential material suitable for non-toxic, low cost, earthabundant absorber layer of photovoltaic cell.
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