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Abstract:
Semiconductor thin films Copper Tin Selenide, Cu2SnSe$, a potential compound for solar cell 
applications or semiconductor radiation detector were prepared by thermal evaporation method 
onto well-cleaned glass substrates. The as-deposited films were annealed in flowing purified 
nitrogen, N2, for 2 hours in the temperature range from 100°C to 500°C. The structure of as- 
deposited and annealed films has been studied by X-ray diffraction technique. The semi- 
quantitative analysis indicated from the Reitveld refinement show that the samples composed of 
Cu2SnSe3 and SnSe. These studies revealed that the films were structured in mixed phase between 
cubic space group F-43m (no. 216) and orthorhombic space group P n m a (no. 62). The 
crystallite size and lattice strain were determined from Scherrer calculation method. The results 
show that increasing in annealing temperature resulted in direct increase in crystallite size and 
decrease in lattice strain.
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Abstrak:
Filem nipis semikonduktor kuprum timah selenide,Cu2SnSe3> adalah sebatian yang berpotensi 
untuk aplikasi sel solar atau pengesan radiasi semikonduktor telah dihasilkan menggunakan 
teknik pengewapan terma keatas subtrat kaca yang bersih. Filem yang terenap telah di 
sepuhlindapkan di bawah kehadiran Nitrogen, N2, tulen selama 2 jam didalam julat suhu 
daripada 100°C kepada 500°C. Struktur filem nipis terenap dan tersepuh lindap telah dikaji 
menggunakan teknik pembelauan X-ray. Hasil analisis separa kuantitatif daripada pemurnian 
Reitveld menunjukkan bahawa pengkomposisian sampel dari Cu2SnSe3 dan SnSe. Kajian ini 
membuktikan bahawa filem telah terstruktur dalam campuran fasa diantara kumpulan ruang 
kubik F-43m (no.216) orthorhombik P n m a (no. 62.) Saiz kristal dan terikan kekisi telah 
ditentukan daripada kaedah pengiraan Scherrer. Keputusan menunjukkan bahawa peningkatan 
suhu penyepuhlindapan member kesan terus kepada peningkatan saiz kristal dan penurunan 
didalam terikan kekisi.

Kata kunci: Cu2SnSe3, Semikonduktor, Pengewapan Terma, Pembelauan X-ray, Filem Nipis
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1. Introduction
Ternary compound semiconductors are currently being investigated due to their variety of 

applications in the areas like photovoltaic solar cell materials, electro-optics, opto-electronics, 
non-linear optics, acousto-optics, etc. The compound semiconductors of I2-IV-VI3 family, which 
are three-fold derivatives of IV-VT binary analogs, have attracted the attention of researchers 
recently for acousto-optic applications due to their low energy band gaps, low melting points, 
high mean atomic weight and high refractive indices [1]. There is a huge range ternary 
compounds semiconductor with different band gap energy, electrical resistivity, refractive 
indices, thickness, and other properties to suit the application of interest [2].

Polycrystalline semiconductor of I2-IV-VI3 group compounds have come under increased 
scrutiny because of their potential use in cost reduction of devices for photovoltaic applications. 
Photovoltaic conversion of solar energy appears to be one of the most promising ways of meeting 
the increasing energy demands of the future in a time when conventional sources of energy are 
being depleted. The main advantages of thin film solar cells compared to silicon solar cells are 
their promise of low cost because less energy for processing and relatively lower costs for the 
materials are required and large-scale production is feasible [3].

The thermal evaporation deposition technique consists of heating the conducting boat 
until evaporation of the material to be deposited. The material vapor finally condenses in form of 
thin film on the cold substrates surface. This vacuum thermal evaporation technique is the best 
method for deposition of Copper Tin Selenide due to the cleanliness and allows better contact 
between the layer of deposition material and the surface of glass slide. In addition, the vacuum 
will prevent major contamination from the atmosphere. This method use high temperature to melt 
or sublimate the target (source material) into vapor state. The atom or molecule of target is speed 
up by high temperature. Passing through an almost vacuum space which is required to allow the 
molecules to evaporate freely in the chamber, and they subsequently condense on substrate 
surfaces. As the term “thermal” indicated, the thermal high temperature is key role of this 
method. Previous work on semiconductors Cu2SnSe3 thin films was successfully prepared using 
chemical bath deposition, co-evaporation, MOCVD, spray pyrolysis, molecular beam epitaxy, 
sputtering, etc. [3,4,6]

In this paper we report our work on preparing Copper Tin Selenide via thermal 
evaporation method. Structure is the most important factors to determine the physical properties 
of a material. Therefore, X-ray diffraction technique was used to characterize the crystallographic 
structure or crystallite size (grain size) of Copper Tin Selenide. In report of Copper Tin Selenide 
films and annealed at different temperature prepared by this technique.

2. Experimental
Starting materials (Cu, Sn, and Se) (Alfa Aesar) with a nominal purity of 99.99 wt.% in the 
stoichiometric ratio were mixed together. To coat the Copper Tin Selenide powder was placed in 
Molybdenum, (Mo) boat and fixed to a holder. The glass slide substrates were placed on the plate 
containing holes at specific intervals with similar geometry. The setup was then covered with a 
glass bell jar and was evacuated using a fore pump and then when the vacuum dropped to ~10'3 
mbar, a diffusion pump will automatically take places. Coating process was started after the 
chamber pressure reached roughly 1x10' mbar. Fig.l shows the experimental setup for the 
thermal evaporator (Edward Auto 306 Vacuum Coating Unit) showing where the substrate and 
powder were placed. .



\

High vacuum chamber created by diffusion 
pump backed by rotary pump

Fig. 1. A simple setup for thermal evaporator vacuum unit

The annealing process was carried out under different temperatures by using a Tube Furnace. The 
annealing temperatures carried were 100°C, 200°C, 300°C, 400°C and 500°C and flowing 
purified nitrogen gas, N2, was run through the furnace to ensure the tin in Copper Tin Selenide 
thin films did not react with the atmosphere and produce tin oxides. The rate for heating and 
cooling for annealing process was fixed at 3°C per minutes was shown in Table 1. Then, the 
specific temperature was maintained at a constant time of 2 hours. The samples were then cooled 
to room temperature with the approximately the same rate as the heating rate.

Table 1: Total time taken to heat up desired temperatures and cooling down.
Annealing Temperature 

(°C)
Time Taken (minutes)

When Heating When Cooling*
100 25 25
200 58 58
300 91 91
400 125 125
500 158 158

* The time taken for cooling down from maximum temperature is depends on surrounding 
temperature and could be different from the fixed temperature.

X-ray diffraction data was collected from the annealed thin films that were initially 
ground. The small thin film sample with diameter about 1 cm was inserted into the holder and the 
analysis was carried out by X’pert Pro X-ray Diffractometer model PW 3040 Philips, with CuK« 
radiation in the range of 20 degree from 20° to 80° in steps of 0 .1° with a counting time of 2 s. 
Working voltage and acceleration current were 40kV and 30mA respectively and the wavelength 
of X-ray used was 1.54 A.



3. Result and discussion
Fig.2 shows the X-ray diffraction patterns for the films deposited on substrate with 

different annealing temperatures.

20 Degree

Fig.2. XRD pattern of Copper Tin Selenide thin films annealed at different temperature.

Four main peaks at 20=38.4°, 44.6°, 65.1°, and 78.2° corresponding to d-spacing values 
of 2.342 A, 2.028 A, 1.432 A, and 1.221 A were observed and attributed to the (410), (022),
(004), and (802) planes. The h k 1 planes with (410) and (802) which were the most intense, was 
identified belonging to SnSe peaks (ICSD 98-002-4336). However, appearance of peaks at h k 1 
planes of (022) and (004) are associated to Cu2SnSe3 peaks (ICSD 98-007-8211). The observed 
d-spacing values with its standard data are tabulated in Table 2. When the annealing temperature 
increases, the intensity of the peaks also increases. The X-ray diffraction data indicate as grown 
in intensity of the peaks related to improvement in the crystallinity of the deposited Copper Tin 
Selenide on the substrate depends on the increasing annealing temperature. This phenomenon 
was also observed by D.K. Dwivedi et al [5] on effect of annealing to CdTe/ZnTe heterojunctions 
thin films.



Table 2.
Comparison of the ICSD ^-spacing data for Cu2SnSe3, SnSe to experimentally observed values 
for the thin film samples annealed at different temperatures.______________________________

Annealing 20 d-spacing (A) h k 1 Compound
Temperature O Observed Standard
(°C) values values
As-deposited 38.4 2.35 2.38 4 1 0 SnSe

44.6 2.04 2.01 0 2 2 Cu2SnSe3
65.1 1.43 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

100 38.4 2.35 2.38 4 1 0 SnSe
44.6 2.04 2.01 0 2 2 Cu2SnSe3
65.1 1.43 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

200 38.4 2.34 2.38 4 1 0 SnSe
44.6 2.03 2.01 0 2 2 Cu2SnSe3
65.1 1.43 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

300 38.4 2.34 2.38 4 1 0 SnSe
44.6 2.02 2.01 0 2 2 Cu2SnSe3
65.1 1.51 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

400 38.4 2.34 2.38 4 1 0 SnSe
44.6 2.03 2.01 0 2 2 Cu2SnSe3
65.1 1.43 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

500 38.4 2.34 2.38 4 1 0 SnSe
44.6 2.02 2.01 0 2 2 Cu2SnSe3
65.1 1.43 1.42 0 0 4 Cu2SnSe3
78.2 1.22 1.22 8 0 2 SnSe

Thin films consist of a mixture of amorphous and sometime crystalline, perhaps 
depending on the substrate temperature or the film. At lower temperature films are amorphous. 
Film deposited at higher temperature was found to be polycrystalline in nature along the peak 
intensity direction. It is found that films deposited at higher temperatures will give better 
crystallinity and crystallization on the materials [5]. The initial hump at lower angle indicates that 
the structures of the films are amorphous and the four obvious peaks represent the polycrystalline 
structure of the material. But, there is some equivocalness in the structure of the Copper Tin 
Selenide that had been studied and reported earlier. Suresh Babu et al [4] reported it as sphalerite 
structure and no peaks corresponding to either the orthorhombic or the monoclinic structures 
were observed. After few years, Fernandes et al [6] reported it as tetragonal (I-42m) and cubic (F- 
43m) structure were grown on Cu2SnS3 thin films by sulfurization of dc magnetron sputtered Sn- 
Cu metallic precursors in a S2 atmosphere.



Fig. 3. Unit cell diagram for Cii2SnSe3 phase.

The refinement of the crystal structure of the Copper Tin Selenide thin films by the 
Rietveld method from X-ray powder diffraction data indicated that both compound (Cu2SnSe3 
and SnSe) crystallizes in the cubic and orthorhombic space group [9]. The results of the Rietveld 
refinement for both phases for as-deposited Copper Tin Selenide are summarized in Table 3. The 
semi-quantitative analysis from the Rietveld refinement (see Table 3) indicated that the sample 
was composed of 64.1% of Cu2SnSe3 and 35.9% of SnSe. Fig. 3 shows the unit cell diagram for 
Cu2SnSe3 phase indicating the position of material crystallizes in the cubic space group F-43m 
(no. 216)

Table 3.
Reitveld refinement details for Cu2SnSe3 and SnSe
Molecular formula Cu2SnSe3 SnSe
Molecular weight (g/mol) 642.8 790.6
a (A) 5.81(4) 9.68(6) Rexp(%) = 4.43
b (A) 5.81(4) 1.84(1) Rp (%) = 6.32
c(A)
V (A3)

5.81(4) 5.17(4) Rwp (%) = 10.91
196.18 91.89 X2 = 2.46

Space group 
Dcaic (g/cm )

F-43m (no. 216) P n m a (no. 62)
5.44 1.43

Weight fraction (%) 89.6 10.4
Rb (%) 2.13 4.97
Rp = 100%obs — Ycalc)/ %obs|; Rwp:= I00[£w|yobs -  ycaid2/ £w|yobsl2]1/2;
Rb =100Sk|Ik -  Ick|/Sk|Ik|; X = [R\vp/Rexp] 5 Rexp = 100 [{N-P  + Q/Sw(yobs2)]1/2;
N -  P + C is the number of degrees of freedom. Delgado et al [9].



The thickness of Copper Tin Selenide deposited films on the substrate measured using 
Ellipsometer was around 70 to 120 nm. This phenomenon was also reported by J. R. Ares et al
[7] on grain and crystallite size in polycrystalline pyrite thin films. Fig. 4 and Fig. 5 show the 
crystallite size and lattice strain of Copper Tin Selenide as the function of annealing temperature. 
The crystallite size and lattice strain were determined by using Scherrer calculator from X’Pert 
Highscore Plus software. The value of crystallite size and lattice strain was calculated by 
comparing the profile width of a standard profile with a sample profile according to the Scherrer 
formula according to the tangent formula [8]. Fig. 4 and Fig. 5 shown that the crystallite size 
increases with increasing annealing temperature and the lattice strain decreases with increasing 
annealing temperature respectively[10].
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Fig. 4. Variation in crystallite size with anenealing temperature.
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Fig. 5. Variation in lattice strain with annealing temperature.



4. Conclusions
This study showed that two mixed phases were obtained for thermal evaporation of 

Copper Tin Selenide thin films deposited using thermal evaporator and annealed at different 
temperature. The refinement of crystal structure of copper tin selenide thin films by Reitveld 
method indicated that the compound crystallizes in the cubic space group F-43m and 
orthorhombic space group P n m a. Annealing caused to increase the crystallinity of the resulted 
structures. From the Scherrer calculations, crystallite size of Copper Tin Selenide increase with 
increasing annealing temperature and the lattice strain decreases with increasing annealing 
temperature.
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