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 Copper Tin Selenide Cu2SnSe3 (CTSe)  alloy have been prepared from their elements 
with high purity .The composition and microstructure of this alloy was determined by 
energy dispersive x-ray spectroscope (EDS) and scanning electron microscope (SEM) 
respectively. CTSe thin film have been deposited onto well-cleaned glass substrates by 
flash thermal evaporation method with different thicknesses (500, 750 and 1000) nm 
.The as-deposited films were annealed in vacuum at 473 K for 1h.The structure of as-
deposited  and annealed films has been studied by X-ray diffraction technique, these 
studies revealed that the films crystallizes in the monoclinic phase. The crystallite size 
were determined from scherrer calculation method. Atomic force microscopy (AFM) 
showed that  the grain size of the films was  increases with increasing thickness ,but 
decrease with annealing temperature. The optical properties of thin films has been 
measured by UV-VIS spectrometer. The result showed that the energy band-gap of thin 
films decreased from 2.21 to 1.60 eV with increasing thickness and increased with 

annealing temperature . 

 
INTRODUCTION 

 
The development of earth – abundant photovoltaic materials is critical if photovoltaics are to supply a 

significant fraction of the worlds energy needs (Baranowski,L.L.,2014). Polycrystalline thin film photovoltaic 
materials have been intensively investigated owing to their low material consumption and low-cost production 
(Kim,K.M.,2013). 

Recently, ternary and quaternary metal chalcogenides have shown great potential for being an excellent 
candidate for thin film solar cells, due to their low band gap energy and high absorption coefficient 
(Vanalakar,S.A.,2015). 

CuInGaSe2 thin film solar cells achieved at laboratory level and efficiency record of 20.3%. However  ,the 
elements In and Ga present in this material are expensive and scarce (Guzman,F.,2013).In particular, the 
quaternary semiconductors Cu2ZnSnS4 (CZTS) and Cu2ZnSnSe4 (CZTSe) have attracted considerable attention 
as a more earth abundant, cheaper , and nontoxic alternative to CuInGaSe2 and CdTe materials .Efficiencies of 
up to 11.1% have been reported for Cu2Zn Sn(S,Se)4 based photovoltaic devices (Kim,K.M.,2013,and 
Moreno,B.,2014) Due to the increased number of elements in the materials, their synthesis is relatively more 
difficult than for binary and ternary semiconductors , because more secondary phases may coexist in the 
samples, so that  the binary and ternary semiconductor alloys (e.g., SnS, SnSe, Cu2SnS3 (CTS), and 
Cu2SnSe3(CTSe)),which can be used as absorbers in solar cells, have been studied owing to their lower 
possibility of forming a secondary phase and their relatively simpler growth than quaternary alloys 
(Kim,K.M.,2013,and Zhai,y.,2011). 
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    Copper tin Selenide (Cu2SnSe3) is a p-type semiconductor that belongs to I2–IV–VI 3  layered 
semiconductor family had attracted the attention of researchers recently for wide variety of applications like 
photovoltaic solar cell materials, solid lubricant , out standing optical-thermal-mechanical prop, electro-optics, 
opto-electronics, non-linear optics, and acousto-optics due to their low energy band gaps, low melting points, 
high mean atomic weight and high refractive indices(Marcano ,G.,2002, Wu,C.,2007,and Naemen,  D.A., 2006).  

  CTSe are currently being investigated since there is a wide range ternary compound semiconductor with 
different band gap energy, electrical resistivity, refractive indices, thickness, and other properties to suit the 
application of interest (Amiru,M.,2011). 

Recently, researchers found that the polycrystalline semiconductor of I2–IV–VI 3 group compounds had 
come under increased scrutiny because of their potential usage in cost reduction of devices for photovoltaic 
applications(Amiru,M.,2010). 

CTSe is a potential candidate for absorber materials of solar cells, because it has been reported that CTSe 
alloys have a direct band gap energy  0.4-1.7 eV, an absorption coefficient of 104-105cm-1 (Kim,K.M.,2013). 
Several groups have reported the fabrication of CTSe thin films using a variety  of methods such as  thermal 
evaporation (Amiru,M.,2010, Sabli,N.,2013), coevaporation (Kim,K.M.,2013,and Babu,G.,2006),D.C.sputtering 
(Kuo,D.,2010), spin coting Dahman, H., 2015) electrodeposition (Zaina, Z., 2004), solvothermal reaction 
(Chen,X.,2003; Lei, Z.,2013). 

In this Study , we report the growth of stoichiometric CTSe thin films by flash thermal evaporation with 
post annealing treatment at 473 K and investigate the effects of film thickness on the structural , morphological 
and optical properties of these films. 

 
MATERIALS AND METHODS  

 
The CTSe alloy source materials were prepared by heating the  stoichiometric mixture (2:1:3) of Cu 

(Carloerba) ,Sn (England),and Se (Ferac Berlin) with nominal purity 99.999 % after sealed it in evacuated 
quartz ampoules .The ampoule was placed in vertical furnace(Noberthern, model N2O/H, Germany). 

The ampoule was heated from room temperature to 1000 C˚ at a rate of 200 C˚/60min.The molten mixture 
was kept at this temperature for two hours . In order to assure the homogenous mixing, the ampoule was agitated 
periodically . The furnace was then turned off and the ingot cooled down to room temperature. The compound 
was taken out of the ampoule and ground into fine powder for EDS and XRD analysis .  

Chemical composition of the ingot was determined by energy dispersive x-ray analysis and the 
microstructure features investigated by scanning electron microscopy ( Bruker nano Gmblt, Germany with SEM 
model Inspect S50 system). After confirming its composition and structure, this alloy  used as source material. 
Flash thermal evaporation technique was used to deposited CTSe thin films with different thickness as 
following: The source material was charged in funnel structure which is fixed in the holder and the heated  
Molybdenum  (Mo) boat was mounted under the funnel and between two electrodes in the vacuum chamber. 
The glass slide substrates were placed on a spherical holder and placed in the position at height of about 15 cm 
above the boat. The setup was then covered with a glass bell jar and was evacuated using a fore pump and then 
when the vacuum dropped to about 10-2 mbar, a diffusion pump will automatically take places. Coating process 
was started after the chamber pressure reached roughly 10-5 mbar ,for coating purpose we used Edward Auto 
360 Vacuum Coating Unit. The annealing  process for prepared  thin films  was carried out  in vacuum  under 
473K for 1 h. The structure of the  preparation thin films was examined at room temperature and for the 
annealing films by X-ray diffractmeter with a SHIMADZU 6000 .The morphological surface analysis is carried 
out by employing an atomic force microscope (AA3000 Scanning Probe Microscope SPM, tip NSC35/AIBS 
from Angstrom Ad-Vance Inc). The optical properties were measured by using spectrophotometer 
(SHIMADZU UV-1650 PC) for the wavelength range 300-1100 nm.  

 
RESULTS AND DISCUSSIONS 

 
1-Composition Analysis: 

The amount or (concentration) of the elements (Cu ,Sn , Se) in the alloy ,impurity and to make sure that the 
alloy prepared were accurate , the Energy Dispersive X-ray Spectroscopy (EDS) technique was using which it 
depend on the standard of  these elements .Fig. 1 shows EDS spectrum of Cu2SnSe3 alloy. From this figure, the 
peaks of Cu, Sn , and Se elements can be recognized, and this means that the alloys quality is good since there is 
no presence of other compounds observed. 

The average chemical composition of the ingot gave the atomic percentage of Cu:Sn:Se ratio as 
18.5:42.4:39.1 . Cu2SnSe3 alloy is rich with Sn and poor with Cu, and Se .The reason which make the presence 
of Cu in compound is poor belongs to that the copper was a powder with very small particles, so it was lost 
during preparing this alloy. The real phase of the sample equal to 55% and the secondary phase equal to 45% , 
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and  the Se ratio equal to 2.34, this ratio doesn’t reach to the essential value of the compound that equal to 3, So 
CTSe poor with Se.  

 

  
 

Fig. 1: EDS chart of  Cu2SnSe3 compound  
 

2- Morphological Properties by SEM: 
The surface morphological and the microstructure results of prepared CTSe alloy was studied by SEM 

images with two magnification value (10 μm and 5 μm) which were shown in Fig. 2.  
The CTSe surface shows dark background and exist some white grains that may be belong to secondary 

phases such as SnSe or contributed to Sn existence. 
 

                                      
Fig. 2: 10μm and 5 μm magnified SEM image for bulk CTSe.  
 
3-Structural Properties: 

The main purpose of this section is to investigate the type of structure for semiconductor material and to 
calculate the crystallites size. Also, the effect of the film thickness ,and the heat treatment on the films structure 
has been studied. 

X-ray diffraction pattern of bulk Cu2SnSe3 showed that this sample has a polycrystalline structure as shown 
in Fig. 3. 

The identification of the crystalline phases in the ingot leads to the conclusion that the monoclinic structure 
of Cu2SnSe3 appeared with preferred orientation along (-133) direction at 2θ around 27.3103°.The data 
compared with JCPDS Card number 96-201-7656.This result agreement with the result of (Delgado ,G.,2003), 
and (Marcano,G.,2002) ,they found that the Cu2SnSe3 compound crystallized in the monoclinic structure. 

Also, there is a binary phase appear for CTSe alloy such as SnSe with orthorhombic phase (JCPDS Card 
number 96-900-8787). Similar result was observed by Kim et al. (Kim,K.M.,2013) they noted that the films 
with Sn-rich nonstoichiometric compositions and showed a SnSe phase. 

Table 1 shows the structural parameters like 2Ө, FWHM, inter-planar spacing , and crystallite size of bulk 
CTSe. 
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Fig. 3: X-ray diffraction patterns for bulk CTSe powder. 

 
Table 1: Structural parameters viz. inter-planar spacing ,crystallite size and miller indices of bulk CTSe . 

Sample 2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) G.S (nm) hkl dhkl Std.(Å) Phase 

 27.3103 0.3060 3.2629 26.7 (-133) 3.2802 Mono- Cu2SnSe3 
 30.1200 0.3760 2.9646 21.9 (204) 2.9652 Mono- Cu2SnSe3 
 45.2150 0.3530 2.0038 24.4 (330) 2.0033 Mono- Cu2SnSe3 

Cu2SnSe3 53.5400 0.3530 1.7102 25.2 (262) 1.7127 Mono- Cu2SnSe3 
 65.7600 0.4940 1.4189 19.2 (062) 1.4188 Ortho-SnSe 
 72.5012 0.3530 1.3027 27.9 (-531) 1.3097 Mono- Cu2SnSe3 
 83.2625 0.7530 1.1595 14.1 (223) 1.1596 Ortho-SnSe 
 89.5231 0.5410 1.0939 20.7 (210) 1.0936 Mono- Cu2SnSe3 

 
X-ray  diffraction patterns for as deposited and annealed CTSe thin films with different thickness (500,750 

and 1000) nm which deposited on glass substrates and prepared by flash thermal evaporation are shown in Fig. 
4. 

 

 
 
Fig. 4: X-ray diffraction pattern for CTSe films at different thickness.  ( a) as deposited  ( b) annealed at 473 K. 

 
CTSe film with thickness 500 nm shows an amorphous structure. After annealed these films at 473 K, the 

structure of CTSe improve and appear two peaks corresponding to (021) and (-133) direction for monoclinic 
structure at 2θ around 15.12° and 27.14° respectively. The films of thickness 750 nm also have an amorphous 
structure. When annealed these films, five peaks with high intensity  corresponding to (111),(-133),(204), 
(330),and (262) for monoclinic structure around 2Ө equal to 15.321°, 27.13, 30.51°, 44.931°,and 53.214° 
respectively. From Fig. 4a ,it is clear that the structure of CTSe improve with increase the film thickness from 
500nm to 1000 nm ,where the film of 500 nm and 750 nm have an amorphous structure and become 
polycrystalline structure with monoclinic phase for the last film with 1000 nm ,it was show a five peaks with 
high intensity appear corresponding to (-133),(204),(221),(330),and (262) around 2Ө equal to 
27.421°,30.66°,37.512°,45.0123° and 53.321° respectively. After annealed the films of 1000 nm at 473 K, also 
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five peaks appear with high intensity corresponding to  (021) , (-133) ,(221) , (330), and (262) around 2Ө equal 
to 15.245°,27.213°,37.512°,45.051°,and 53.213° respectively as shown in Fig. 4 b. 
Table 2: Structural parameters viz. inter-planar spacing , crystallite size , and miller indices of as deposited CTSe films with different 

thicknesses. 

t (nm) 2θ (Deg.) FWHM (Deg.)  dhkl Exp.(Å)  C.S (nm) hkl dhkl Std.(Å)  Phase 

500 - - - - - - - 
750 - - - - - - - 

 27.4210 0.6820 3.2500 12.0 (-133) 3.2903 Mono-Cu2SnSe3 
1000 30.6600 0.6120 2.9136 13.5 (204) 2.9782 Mono-Cu2SnSe3 

 37.5120 0.5420 2.3957 15.5 (221) 2.3997 Mono-Cu2SnSe3 
 45.0123 0.6310 2.0124 13.6 (330) 2.0101 Mono-Cu2SnSe3 
 53.3210 0.6410 1.7167 13.9 (262) 1.7179 Mono-Cu2SnSe3 

 
Table 3: Structural parameters viz. inter-planar spacing , crystallite size ,and miller indices of CTSe films annealed at 473 K with different 

thicknesses. 

t (nm)  2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) C.S(nm) hkl dhkl Std.(Å) Phase 

500 15.1200 0.4240 5.8549 18.9 (021) 5.8705 Mono-Cu2SnSe3 
 27.1400 0.4120 3.2830 19.8 (-133) 3.36982 Mono-Cu2SnSe3 
 15.3210 0.4820 5.7786 16.6 (111) 5.7667 Mono-Cu2SnSe3 

750 27.1300 0.5630 3.2842 14.5 (-133) 3.36982 Mono-Cu2SnSe3 
 30.5100 0.9120 2.9276 9.0 (204) 2.92717 Mono-Cu2SnSe3 
 44.9310 0.5672 2.0158 15.2 (330) 2.09475 Mono-Cu2SnSe3 
 53.2140 0.5710 1.7199 15.6 (262) 1.73095 Mono-Cu2SnSe3 
 15.2450 0.5180 5.8072 15.5 (021) 5.8705 Mono-Cu2SnSe3 

1000 27.2130 0.8470 3.2744 9.7 (-133) 3.36982 Mono-Cu2SnSe3 
 37.5120 0.6420 2.3957 13.1 (221) 2.09475 Mono-Cu2SnSe3 
 45.0510 0.5120 2.0107 16.8 (330) 2.09475 Mono-Cu2SnSe3 
 53.2130 0.7100 1.7200 12.5 (262) 1.73095 Mono-Cu2SnSe3 
 

The amorphous structure appears generally due to low thickness .However there is no binary phase formed, 
this means the compositions are good ,and there is no re-evaporation of Se from the growing films. 

Tables 2 and 3 illustrate structural parameters such as inter-planar spacing, crystallite size ,and miller 
indices of  as deposited and annealed at 473 K  CTSe films respectively. 
 
4- Topography Properties: 

Atomic force microscopy is a non-invasive and convenient technique to study the morphological 
characteristics and surface roughness of semiconductor thin films , and it is well known that AFM is one of the 
most effective ways for the surface analysis due to its high resolution and powerful analysis. 

The three dimensional AFM images and histograms of as deposited and annealed CTSe films prepared by 
flash thermal evaporation at  different thicknesses (500, 750, and 1000) nm are shown in Fig. 5 .These images 
show uniform, homogeneous, and tightly adherent over the substrate without any voids or cracks, and shown a 
continuous granular morphology (continuous structure).The spherical grains are also obtained for Cu2SnSe3 thin 
films prepared by co-evaporated technique reported by (Sundara,A.,2006). 

The average grain size of Cu2SnSe3 thin films was estimated directly from images as shown in Table 4, and 
compared with the crystallite size which calculated from XRD results using Scherrer equation. The differences 
between crystallite size and grain size have indicated that grains contain several crystals to form a number of 
polycrystalline thin films , thus grain size are always larger than crystallite size.    

The grain size  for as deposited CTSe films get to increase from 78.7 to 102.1 nm  and for annealed films 
from 53.4 to 77.8 nm with increasing film thickness,while it decrease when films annealed at 473 K .This 
behavior can be explained on the change in the crystal structure. Ingeneral the roughness of the films has the 
same behaviour of the grain size. 
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Fig. 5: AFM picture and histogram for as deposited and annealed CTSe films with different thicknesses (500, 
750, 1000) nm. 

 
Table 4: Average grain size, average roughness ,and root mean square for CTSe  with different x content and different thicknesses 

Thickness (nm) Temp.(K) Root Mean Square  
  

Average Roughness 
 

Grain Size(nm) 

  
500 

R.T. 0.92 0.79 78.71 

473 1.09 0.99 5  53.47   

  
750 

R.T. 0.74 0.64 83.07 

473 0.61 0.46 68.21 

 
1000 

R.T. 11.5 9.97 102.16 

473 3.06  2.65 77.89 

 
5-Optical Properties: 

The transmittance of CTSe thin films deposited at room temperature on glass substrate with different 
thicknesses (500, 750 and 1000) nm and annealed at 473 K ,are shown in Figs. 6 a&b . 

The transmittance pattern of all deposited thin films increases with increasing of wavelength (λ) ,and 
decrease with increasing films thickness from 500 nm to 1000 nm ,this occurs because increment in films 
thickness means increasing the absorption of the films ,as a result the transmittance decrease. 

The shifts of transmittance toward higher wavelength (lower energies) with increasing thickness explained 
according to a shifting of the absorption edge towards the lower energies consequently to the shift of the optical 
energy gap towards the lower values as will be seen in the next section. 
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Fig. 6: The transmittance versus the wavelength for CTSe films at different thickness (a) as deposited (b) 
annealed at 473 K. 

 
The absorption coefficient is very important factor for designing solar cell.).It is clear from Table 5 that the 

absorption coefficient (α)  increases with increasing of thicknesses, and it decrease with annealing films at 473 
K. Also, it is clear that the absorption  coefficient  exhibits high values of  α >104 cm-1 which means that there is 
a large  probability of allowed direct transitions. 

The optical energy gap values (Eg
opt) for as deposited CTSe films and the films annealed at 473 K with 

different thicknesses (500,750 and 1000)nm have been determined using Tauc equation and shown in Figs. 7 
a&b ,these figures show the variation of  (αhυ)2 with photon energy (hυ) for as deposited CTS1-xSex films and 
annealed films at 473 K of different thickness. 

It is clear from the figures and Table 5 the type of transition is direct. This result is confirmed with the 
result of (Nordine,S.,2013). 

 

 
 

Fig. 7: The variation of (αhυ) 2 versus the photon energy (hυ) for CTSe films at different thickness (a) as 
deposited (b) annealed at 473 K. 

 
  It is obvious that the optical energy gap (Eg) decrease with increasing the thickness. It decrease from 2.21 

eV to 1.6 eV when thickness change from 500 nm to 1000 nm respectively. This decrement of Eg with 
increasing thickness may be related to increase the absorption coefficient. Similar result was found by 
(Guzman,F.,2013) ,they reported that CTSe compound have an optical gap 1.6 eV.  

In general , Eg decreasing by increase thickness that’s mean there is a  reduction occur  in Eg values, since 
the structure will be approach from that of bulk material , this result agreement with  (Ramadhan,A.,2013).  

The effect of annealing temperature on optical energy gap (Eg) shows that Eg increases with annealing the 
CTSe films at 473 K ,and this happened due to reduce the extended state in the gap and improve the structure of 
the all CTSe films. 

In general, it can observed from all figures and from Table 5,the extinction coefficient (k) ,for as deposited 
CTSe increasing by increase thickness from 500 nm to 1000 nm by 0.036 to 0.087 respectively at wave length 
equal to 600nm, this happened due to increase of the grain size . While k decreases when the films annealed at 
473 K for the CTSe films. 

The refractive index increased from 2.39 to 2.62 when thickness increased from 500 nm to 750 nm and then 
decrease to 1.52 when the thickness increases to 1000 nm. 
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By annealing films at 473 K , n decreases from 2.53 to 2.32 for CTSe when thickness increase from 500 nm 
to 1000 nm. 

From Table 5,it can be observed that the real dielectric constant (εr) increased from 5.44 to 6.83 for as 
deposited CTSe films by increasing thickness from 500nm to 1000 nm. 

Imaginary dielectric constant (εi) increased when thickness increased from 500 nm to 1000nm from 0.17 to 
0.26 for as deposited CTSe films. 

In general ,the behavior of εr and εi is the same as of n and k respectively with the variation of  thickness. εr 
and εi  increase by increasing thickness. 

 
Table 5: The values of Egopt  and Optical constants at λ=600 nm for  as deposited and annealed CTSe films with different thicknesses. 

Thickness 
(nm) 

Temp. 
(K) 

Eg
opt.(e V) α *104(cm-1) n k ɛr  ɛi 

  500 R.T. 2.21 0.761 2.390 0.036 5.711 0.173 
473 2.22 0.917 2.533 0.046 6.417 0.234 

750 R.T. 2.1 0.992 2.629 0.047 6.911 0.249 
473 2.12 0.869 2.586 0.041 6.688 0.214 

1000 R.T. 1.6 1.83 1.523 0.087 2.313 0.266 
473 1.65 1.32 2.328 0.063 5.416 0.293 

 
Conclusions: 

X-ray powder diffraction study of Cu2SnSe3 shows that this material crystallizes in a monoclinic structure 
and secondary phase such as SnSe was observed in this compound. This result was emphasized by the result of 
EDS and SEM images which shows some white grains with dark background. CTSe thin films were synthesized 
by flash thermal evaporation with post annealing treatment and investigated the effect of thickness and 
annealing temperature on the structural, morphological and optical properties which were characterized by 
various methods. XRD illustrated that the as deposited CTSe films with a low thickness have amorphous 
structure and converted to polycrystalline when the films have 1μm thickness and with heat treatment at 473K. 
AFM measurement showed that the average grain size decreased by annealing films, while the SEM images 
showed a dark background with some white grains. Optical characterization performed by spectral transmittance 
measurements revealed that the CTSe films have low transmittance in the visible range . The results also 
revealed that the Cu2SnSe3 films have direct band gap of about 1.6 eV. This indicates that these films are active 
in the visible portion of the spectrum and could potentially be employed as visible light energy conversion 
materials. 
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