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Studies on structural, optical and electrical properties
of electron beam evaporated Cu2SnSe3 thin films
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The present work describes the deposition of semiconducting Cu2SnSe3 thin films by electron beam evaporation method.
The structure of the deposited films was characterized by XRD and Raman analysis. X-ray diffraction study revealed that the
Cu2SnSe3 thin films had a cubic sphalerite-like structure with crystallite size of 12 nm. Raman spectrum of the thin films
confirmed the phase purity. FESEM analysis showed a continuous film with polydispersed grains of a diameter less than 1 µm
and the elemental composition was confirmed by EDS spectrum. The UV-Vis spectrum revealed that the sample had high
absorption in the visible region and the band gap was found to be 1.15 eV. The I-V graph exhibited the electrical resistivity and
conductivity of the film as 2.13 Ω·cm and 0.468 S/cm, respectively. Thus, the electron beam evaporated Cu2SnSe3 thin films
showed high purity of structure and good morphological, optical and electrical properties comparable with other methods of
thin film deposition.
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1. Introduction

I-IV-VI ternary chalcogenides were tradition-
ally regarded as low or middle band gap semi-
conductors. These ternary chalcogenide functional
materials are suitable for solid lubricant due to
their outstanding thermal and mechanical proper-
ties. In I2-IV-VI3 family, Cu2SnSe3 (CTSe) have
a low melting point and mass density along
with high-mean atomic weight and refractive in-
dex. Hence, they are identified as a good candi-
date for acousto-optic applications in the IR re-
gion [1, 2]. CTSe is also a promising thermo-
electric semiconductor with relatively high elec-
trical conductivity and moderate thermal conduc-
tivity and it may be widely used in industry for
small-scale cooling components and low tempera-
ture power generators [3]. CTSe compound semi-
conducting materials with direct optical band gap
between 1.1 and 1.5 eV are explored as can-
didates for absorber layers in thin film hetero-
junction solar cells [4]. Investigations on thin
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films of these compounds are quite relevant for
application in thin film waveguides, LEDs,
etc. [5]. Recent investigations show that stoi-
chiometric Cu2SnSe3 crystallizes in a monoclinic
structure at low temperature, and in a cubic
zinc blende-like (sphalerite) structure at elevated
temperatures [1, 6].

Cu2SnSe3 thin films were successfully de-
posited earlier by using several physical thin film
deposition techniques such as flash evaporation [1],
laser evaporation, MOCVD [5], co-evaporation [6],
thermal evaporation [7], sputtering [8], etc. Among
the different physical methods, the use of electron
beam deposition method has been investigated for
the growth of ternary and quaternary semiconduc-
tors by many research groups. This method is ad-
vantageous for the control of stoichiometry in al-
loy films though it also has disadvantages such
as equipment cost and use of high voltages. To
the best of our knowledge no researchers have de-
posited Cu2SnSe3 thin films by this method. Hence,
in this work, the authors aimed towards the prepa-
ration of Cu2SnSe3 thin films by electron beam
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evaporation method and the structural, morpholog-
ical, compositional, optical and electrical charac-
teristics of the films were analyzed.

2. Experimental procedure

The electron beam evaporation method is a vac-
uum deposition process in which target material is
evaporated by electron bombardment. First, com-
mercially available Cu (0.052 g), Sn (0.050 g)
and Se (0.098 g) metal powders with high purity
(99.7 %, 99.5 % and 99.9 %) were taken as target
evaporation sources which were placed in a quartz
crucible wrapped with a tungsten wire and the ul-
trasonically cleaned micro-glass substrates were
situated above the source. The tungsten filament in-
side the electron gun was heated to emit electrons
forming a beam which was directed toward the tar-
get materials. When the electron beam struck the
target surface, kinetic energy was transformed by
the impact into thermal energy. This energy evap-
orated the target material. The HIND HIVAC Vac-
uum Coating Unit (model 12A4-DU) setup along
with electron beam gun EBG-PS-3K with an op-
erating voltage of 5 to 7 kV and emission current
∼25 mA were used for the coating process under
the chamber pressure of 1 × 10−4 Pa. Cu2SnSe3
(CTSe) thin films were simultaneously grown on a
series of glass substrates by electron beam evapo-
ration.

The structural characteristics of the deposited
films were studied by X-ray diffraction patterns
recorded using PAN analytical X’pert PRO diffrac-
tometer with CuKα radiation (λ= 0.154 nm). The
Raman spectrum was performed at room tempe-
rature with LABRAM-HR argon Laser Micro Ra-
man spectrometer of a wavelength of 514 nm. The
surface morphology was examined using a field
emission scanning electron microscope (FESEM),
model BRUKER-QUANTAX EDS equipped with
an energy dispersive spectrometer (EDS) at an ac-
celerating voltage of 10 kV to determine the el-
emental composition of the thin film. The op-
tical measurement was performed by using Hi-
tachi U3400 UV-Vis spectrometer. The electrical
study was carried out using Autolab potentiostat-
galvanostat model FRNA-32 by applying ±1 mA

current with linear sweep voltammetry galvanos-
tatic mode.

3. Results and discussion

3.1. Structural analysis

3.1.1. XRD analysis

Fig. 1 shows the structure (a) and XRD pat-
tern (b) of an as-deposited CTSe film. The diffrac-
tion pattern shows three crystalline peaks at 2θ =
27.07°, 31.09° and 45.27° belonging respectively
to (1 1 1), (2 0 0) and (2 2 0) planes of a cubic
sphalerite-like structure with a space group F-43m.
The results are matched well with the standard
JCPDS card No 65-7524 which indicates a pure
Cu2SnSe3 compound, whereas the XRD patterns
of the films obtained using other physical methods
like thermal evaporation, co-evaporation and flash
evaporation show CuSe2 and SnSe2 as secondary
impurity peaks [1, 5, 7]. The cubic sphalerite-like
structure (Fig. 1a) reveals the possible coordination
among Cu, Sn and Se atoms. Each anion is coordi-
nated with four cations (Se) located at the corners
of a slightly distorted tetrahedron [1].

The average crystallite size of the CTSe
film was calculated from Debye-Scherrer formula,
D = 0.9λ/βcosθ, where λ is the wavelength of
X-ray radiation, θ is the Bragg angle of the peak
and β is the angular width of the full-width at half
maximum (FWHM). Average crystallite size of the
CTSe film was found to be 12 nm. This result
is in close accordance with the earlier reports on
nanoink coated CTSe films (15.5 nm) [9], whereas
it is less than for thermally evaporated thin films
with D = 24.12 nm [7]. The microstrain (ε) and
dislocation density (δ) of the CTSe film was cal-
culated according to our earlier report [10] and it
were found to be 3.2 × 10−3 and 6.94 × 1015 cm−2,
respectively. The lattice constant and cell volume
of the sample were calculated using UNITCELL
software. These were found to be a = 5.68 Å and
V = 184.20 Å3 and were much closer to the stan-
dard values of a = 5.69 Å and V = 184.80 Å of
JCPDS card no 65-7524.
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Fig. 1. (a) cubic sphalerite-like structure and (b) XRD
pattern of as-deposited Cu2SnSe3 thin film

3.1.2. Raman analysis

The Raman spectroscopy is used as a com-
plimentary tool to know the presence of differ-
ent phases present in a film. Fig. 2 shows the
Raman spectrum of the CTSe thin film at room
temperature.

It indicates the appearance of humps corre-
sponding to Cu2SnSe3 phase at 172, 179, 189, 195
and 203 cm−1. The result is in agreement with
the previous reports on co-evaporated [4, 6] and
nanoink coated [9] CTSe thin films. The result ob-
viously supports the XRD analysis in which pure
Cu2SnSe3 phase formation was confirmed.

3.2. Microstructural and compositional
analysis
3.2.1. FESEM analysis

The FESEM image (Fig. 3a) shows a continu-
ous film with poly-dispersed grains of diameter less

Fig. 2. Raman spectrum of Cu2SnSe3 thin film

than 1 µm. The grains are strongly adherent to the
substrate. Distinct and very finely dispersed grains
evidence for the formation of nucleation centers
followed by grain growth and film formation pro-
cess. Similar morphology was reported for CTSe
thin films produced by nanoink coating onto a glass
substrate [9] as well as co-evaporated thin films
(0.6 µm) reported by Suresh Babu et al. [2] and Ud-
hay Bhasker et al. [4].

Fig. 3b indicates the compositional analysis
of Cu2SnSe3 thin films. The result indicates that
the atomic ratio of Cu:Sn:Se was approximately
1.92:1:2.64. Considering the error of the EDS de-
tector (±2 at.%), the ratio was almost stoichiomet-
ric [11]. Thus, the result supports the XRD and Ra-
man results.

3.3. Optical analysis
3.3.1. UV-Vis analysis

The absorption spectrum of CTSe thin film is
shown in Fig. 4a. Relatively high values of ab-
sorption coefficient (>104 cm−1) in the visible re-
gion (400 to 700 nm) indicate that the Cu2SnSe3
thin film has visible light energy conversion effi-
ciency. The optical band gap of the film with di-
rect allowed transition is fitted by Tauc equation,
αhν = A (hν−Eg)n where, Eg is the band gap,
A is the constant, h is the Planck’s constant and
n takes the value of 2 for direct allowed transi-
tion. From Fig. 4b, the band gap value was found
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Fig. 3. (a) surface morphology and (b) elemental com-
position of Cu2SnSe3 thin film

to be 1.15 eV. Hence, the absorption process has
been attributed to the optical transition from the ac-
ceptor level to the bottom of conduction band due
to a free-to-bound transition [2, 7, 12].

This result is in consistence with the co-
evaporated CTSe thin films whose direct optical
band gap is 1.12 eV [2] but it is less in the case of
flash evaporated CTSe thin films with the band gap
of 0.84 eV [1], thermal evaporated CTSe thin films
with the band gap of 0.94 eV and DC sputtered film
whose band gap is about 0.76 eV [8].

3.4. Electrical study
The resistivity (ρ = RA/L) of the CTSe film

was calculated by measuring the resistance and
physical dimensions of the films and the electrical

Fig. 4. (a) optical absorption and (b) band gap plot of
Cu2SnSe3 thin film

conductivity (σ) was calculated based on the ex-
pressions and σ= 1/ρ. The values of resistivity and
conductivity of the film were determined using the
slope value of the I-V (Fig. 5) plot and were found
to be 2.13 Ω·cm and 0.468 S/cm respectively.

The electrical resistivity is slightly higher
when compared with thermally evaporated thin
films (1.01 Ω·cm) [7], sputtered thin films
(0.12 Ω·cm) [11] and the films obtained by nano-
ink coating (0.25 Ω·cm) [9]. But the resistivity
is less than that of the flash evaporated thin film
(16 to 124 Ω·cm) [1]. Formation of larger nucle-
ation centres in the evaporated film results in small
crystallite sizes which ultimately increase the inter-
crystalline barriers and this may be responsible for
the increase in electrical resistivity [7].
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Fig. 5. I-V characteristics plot of Cu2SnSe3 thin film

4. Conclusions
In summary, CTSe thin films deposited by elec-

tron beam evaporation method show pure phase
structure when compared with CTSe thin film ob-
tained by other methods of deposition. The mor-
phological, optical and electrical properties of the
films obtained by this method are highly compa-
rable with those obtained by other physical meth-
ods. Hence, the good structural and highly desir-
able optical and electrical properties of the electron
beam evaporated Cu2SnSe3 thin films make them a
prospective candidate for solar cell applications.
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