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 Thin Cu2SnS3films were prepared by chemical bath deposition (CBD) technique at 80 

min. deposition time for different substrate temperatures (Ts =313, 323, 333 and 343 K) 
and pH values (1, 1.5 and 2). Topology and morphology properties have been studied 

by using atomic force microscope (AFM) and scanning electron microscope (SEM), 

respectively. The average grain size and root mean square of roughness have been 
found. The prepared films have topography characterized by eggs shaped grains 

together in big clusters varying in the range of grain sizes (99.76 – 320.19 nm) and with 

surface roughness (RMS) (0.709 – 9.36 nm).The grain size and roughness for the film 
prepared at optimum conditions ( 2 pH and 343 K Ts) were 134.63 nm and 0.709 nm, 

respectively. The AFM and SEM images showed the prepared films had uniform, 

smooth, cover the substrate well, surface homogenous distribution, less porous and 
roughness compare with the other films prepared with other preparation conditions. 
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INTRODUCTION 

 

 Cu2SnS3(CTS) is a simple and potential material 

for low cost thin films solar cells (Devendra Tiwari, 

2014). In recent years, there has been a great deal of 

interest in the study of nontoxic semiconductors from 

both the fundamental and technological points of 

view for materials to optoelectronic devices (Mehdi 

delifard, 2012). Several research groups use CTS thin 

films as absorbers of thin film solar cells (Pengyi 

Zhao 2013). Cu2SnS3 have been prepared by 

different techniques, such as screen printing and high 

pressure sintering process (PHS) (Takeshi Nomura, 

2014), one step diffusion membrane assisted 

chemical bath deposition (Becerra, 2014), spray 

pyrolysis (Chalapathi, 2013) and layer by layer 

growth method (Devendra Tiwari, 2014). The CBD 

technique presents several advantages compared with 

the other techniques, such as cost effectiveness, large 

area deposition,  low temperature processing and 

good adhesion on the substrate (Anuar Kassim, 

2010). 

 The importance of study topography and 

morphology properties come from the coatings 

surface morphology reflects the microstructure of 

underlying bulk material can act as a fingerprint for 

each type, the development of nanomaterials with 

special size and shape may lead to new chances to 

explore material, physical and chemical properties 

[8,9]. The morphology of the absorber layer Cu2SnS3 

have been studied by Dominik  (Dominik Berg, 

2012). They observed that the prepared films had a 

much less compact structure, homogenously 

distributed over the whole surface area of the sample 

and had large grains of between 2 and 6 μm in 

diameter can be observed with pinholes of similar 

horizontal dimensions, while Adelifard et al (2012) 

have showed the layers of Cu2SnS3 approximately 

homogenous without any visible cracks or holes and 

crystallinity were more homogenous and compact 

than other samples with mixed structures of CuS and 

Cu2SnS3.These layers consist of highly compact 

globular structures which composed of hierarchical 

spherical particles. 

 The AFM image of thin Cu2SnS3 film has been 

studied by Becerra et al (2014) which showed that 

these types of samples have an unusual morphology 

characterized by sheet-shaped grains grouped 

together in big clusters with sizes varying in the 

range of 1×0.4 μm and 2.5×1.4 μm. Through SEM 

images, the morphology of tetragonal Cu2SnS3 

sample had a rough surface and poor crystalline 

quality without any visible cracks or pores have been 

reported by Fernandes et al (2010) and Dahman et al 
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(2011). Qingyun and Dima (2013) have investigated 

SEM images of nanostructured Cu2SnS3 films.The 

morphology of the prepared samples consisted of 

large quantities of flower-like nanocrystals according 

to different ethanol contents, as the ethanol content 

increased, the flower like Cu2SnS3 nanocrystals with 

diameter of about 0.5-1 μm became bigger, and when 

it increased more, the flower like structure is broken 

and the samples are not uniform in shape.Flower like 

Cu2SnS3 nanostructures which composed of nano 

flakes with average diameter about 1-1.5 μm and 

thickness 10 nm had shown byLiang et al (2013). 

 The SEM images of Cu2SnS3 films have been 

reported by Zhao and Cheng (2013). These images 

showed the surface of these prepared films have 

many nubby grains and linear shape with average 

size of 1 μm.The Cu2SnS3nanorods, which have the 

typical widths of 40-100 nm and lengths up to 2 μm 

were reported by Chen et al (2003). Also, thin 

Cu2SnS3 films were smooth and homogenous with 

roughness (RMS) of 1-2 nm as a revealed by AFM 

and SEM images have been reported by Tiwn et al 

(2013). SEM micrographs of Cu1.9SnS3 powders 

synthesized without heating compare with that post 

heating have been reported by Nomura et al (2014) 

which showed ceramics was usually enhanced with 

the fine powder at lower temperatures, whereas, 

micrographs from SEM images for Cu2SnS3 films 

have been reported by Amusan and Azi (2013) that 

the films were rough and the grain size increased 

about 1 μm with increasing substrate temperature 

from 300 to 473K. 

 This study focused on the effect of substrate 

temperatures (313, 323, 333 and 343 K)and pH 

values (1, 1.5 and 2) on the topography and 

morphology properties, which were analyzed by 

AFM and SEM imagesfor thin Cu2SnS3 films 

prepared by chemical bath deposition onto glass 

substrates at 80 min. 

 

MATERIALS AND METHODS 

 

 Thin Cu2SnS3 films were deposited on 76mm × 

26mm × 1mm clean glass slide by chemical bath 

deposition technique. All the solutions were prepared 

using deionized water; the chemical compounds that 

used were copper sulfate (CuSO4.5H2O), tin chloride 

(SnCl2.2H2O), sodium thiosulfate (Na2S2O3.5H2O), 

disodiumethylenediaminetetraacetic 

(Na2EDTA.2H2O).The copper sulfate, tin chloride 

and sodium thiosulfate were acted as a source of 

copper, tin and sulfide ion, respectively. Na2EDTA 

was as a complex agent with Cu
2+

 and Sn
2+

 to obtain 

Cu-EDTA and Sn-EDTA complex solutions. The  

presence a complex agent EDTA in solution help to 

improve the lifetime of the deposition bath and 

adhesion of deposited films on glass substrate. The 

ratio of atomic weights is (2:1:3) for Cu:Sn:S in all 

deposition parameters. Cleaning process details see 

in reference (2014). 

 Set hot plate heater or water bath temperature at 

(313, 323, 333 or 343 K), pH value by pH-meter to 

(1, 1.5 or 2) where maintained by HCl solution and 

deposition time at 80 minute according to deposition 

parameters in this work.Twelve samples of thin 

Cu2SnS3 films were fabricated by changing the 

deposition parameters depending on the symbol of 

sample where L, M, N and R refer to temperature 

substrate (Ts = 313, 323, 333 and343 K), whereas A, 

without symbol, B refer to pH value 1, 1.5 and 2 

respectively, and with constant deposition time at 80 

min.The composition of elements in prepared 

Cu2SnS3 films were examined by Rutherford back 

scattering (RBS).Topography analysis ofthe films 

surface was investigated by using atomic force 

microscope (AFM), model CSPM, with image size 

approximately from (1957 nm, 2001 nm) to 

(5097nm, 5073nm) with (484,495) to (508,505) 

pixels by scanning probe microscope (SPM), and the 

morphological features of the prepared films were 

studied by scanning electron microscope (SEM) 

which was used to obtain structure of the prepared 

films, model VEGA3-XM, TESCAN ORSAY 

HOLDING, with accelerating voltage 200V to 30 

kV, probe current 1pA to 2 μA with high resolution 

mode. 

 

RESULTS AND DISCUSSIONS 

 

 The topography results of thin Cu2SnS3 films 

were studies by AFM imagesas shown in 

Fig.1.Topography characteristics containing average 

grain size, surface roughness, and root mean square 

of these films werelisted in Table1.This figure 

showsthat the films have topography characterized 

by eggs shaped grains together in big clusters 

varying in the range of grain sizes(99.76 – 320.19 

nm) and with root mean square of surface roughness 

(0.709 – 9.36 nm) as shown in Table1 for all samples 

according to the preparation conditions which are Ts 

(313, 323, 333 and 343 K), and  pH values (1, 1.5 

and 2 )at deposition time 80 min. 

 The samples 6NB and 6RB which have less 

grain size and surface roughness were found at 

higher Ts(333 and 343) K and pH values(2), where 

the films uniform, smooth, cover the whole surface 

area of the substrate and homogenous distribution for 

film surface. 

 The relation between the grain sizes (G.S) and 

the Ts showed in Fig.2(a). The relation between films 

which prepared at pH values 1 and 1.5 have the same 

behavior, i.e. have big variation with Ts, while the 

films which prepared at pH=2 have small variation 

with Ts. The G.S decreases at Ts=323 K for films 

deposited with pH=1 and 1.5, and increase at Ts 

greater than 323 K, whereas opposite behavior seen, 

i.e. the G.S increases for films prepared at Ts=323 K 

and pH=2 and then decreases at Ts greater than it. 

 The variation of surface roughness at different Ts 

and pH values illustrated in Fig.2(b), for 1 and 1.5 
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pH values, surface roughness values have varied highly, while it slightly varied at pH=2.  

  

 

 

 

 
 

Fig.1: AFM images for thin Cu2SnS3 films at 80 min. deposition time,(Ts = 313,323,333 and 343 K) and pH  

values (1, 1.5 and 2). 

6RB (Ts=343 K, pH=2) 6R (Ts=343 K, pH=1.5) 6RA (Ts=343 K, pH=1) 

6NB (Ts=333 K, pH=2) 6N (Ts=333 K, pH=1.5) 6NA (Ts=333 K, pH=1) 

6MB (Ts=323 K, pH=2) 6M (Ts=323 K, pH=1.5) 6MA (Ts=323 K, pH=1) 

6LB ((Ts=313 K, pH=2) 

 

6L (Ts=313 K, pH=1.5) 

 

 

6LA (Ts=313 K, pH=1) 
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Table 1: Morphological characteristics and surface roughness of thin Cu2SnS3 films at deposition time 80 min by AFM. 

Sample Ts(K) pH Average grain size(nm) Roughness average (nm) Root mean square (nm) 

6LA  
313 

 

1 162.39 1.59 2.08 

6L 1.5 320.19 2.54 3.42 

6LB 2 179.45 2.89 4.11 

6MA  

323 
 

1 133.58 1.88 2.76 

6M 1.5 108.73 0.905 1.20 

6MB 2 208.72 1.93 2.47 

6NA  
333 

 

1 316.78 1.22 1.76 

6N 1.5 210.77 1.73 2.24 

6NB 2 99.76 0.972 1.19 

6RA  

343 
 

1 178.37 8.02 9.36 

6R 1.5 240.60 0.771 1.09 

6RB 2 134.63 0.57 0.709 

 

 
 

Fig. 2: Grain sizefor thin Cu2SnS3 films (a) and rms surface roughness (b) as a function of TsandpH. 

 

 The surface morphological results of prepared 

thin Cu2SnS3 films were studies by SEM images 

which were shown in figure (3) according to various 

substrate temperatures and pH values at 80 min. 

deposition time. SEM images for prepared samples 

which contain high ratio of copper seem as a black 

color and less black when ratio of sulfur increase but 

the samples which contain high ratio of tin atoms 

seem as a white dots on the surface of the films. 

 The growth of prepared films increased when 

pH value increased for all Ts, and the growth increase 

when Ts increased at any value of pH. This is more 

stability at 2pH  where the structure of  these sample 

6LB,6MB,6NB and 6RB were good homogenous 

and consist shape like nanocrystals. The best clear 

sample is 6RB.These characteristics at 2pH  may due 

to reduce agglomerated particle and increase 

formation growth in films or due to compositions 

ratios of elements from RBS results showed 

converged values between them and have high real 

phase compare with the other samples. 

 The effect ofTs on the samples 6LA,6MA, 6NA 

and 6RA at pH 1 were clear due to the diffusion Sn 

atoms to the surface of the Cu2SnS3 film when Ts 

increase, and this have been observed also by Zhao 

and Cheng (2013). Where 6LA containing on sphere 

like nanocrystals, 6MA and 6NA have the same 

behavior for containing on shape nanocrystals, but 

6RA has the same behavior of the samples 6L and 

6N for containing on shape flower like nanocrystals. 

 The effect of Ts on the samples 6L,6N at 1.5 pH 

have the same behavior for containing on shape 

flower like nanocrystals and this agree with the 

images that found by Liang et al (2013), but in 6M 

has big crystal in small region of thin film, and in 6R 

has small linear like nanocrystals shape in large 

region of thin film and this agree with Zhao and 

Cheng (2013).  because the ratio of compositions of 

elements in 6L and 6N different highly and ratio of 

copper was very high in films which showed as a 

black color in SEM images with a small amount for 

Sn atoms on the surface of films, but for 6M and 6R 

which contain good ratio of elements that showed the 

homogenous distribution of films as shown in SEM 

images. 

 

 

 



410                                                                      B.Y. Taher et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(20) June 2015, Pages: 406-411 

 

 

 
 

Fig. 3: SEM pictures for thin Cu2SnS3 films at different substrate temperatures (313,323,333 and 343 K) and pH  

values (1, 1.5 and 2) at 80 min. deposition time. 

 

Conclusion: 

 Thin Cu2SnS3 films have been successfully 

deposited at 80 min. deposition time onto glass 

substrates by CBD technique at different substrate 

temperatures (313,323,333 and 343 K) and pH values 

(1, 1.5 and 2). The results of this study can conclude 

the following: 

 Morphology and topography images of Cu2SnS3 

films showedthat the optimum prepared conditions 

were observed at 343 K substrate temperature and  

2pH value. 

 Grain size and surface roughness (RMS)for all 

prepared films were varied between (99.76 to 320.19 

nm) and (0.709 to 9.36 nm), respectively. 

 Prepared films for 6NB and 6RB have less grain 

size and surface roughness at higher Ts and pH value. 

 Topography of samples exhibit uniform, smooth, 

cover the substrate well, homogenous distribution for 

film surface and small roughness. 
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 Prepared films for different Ts and pH value 

have consisted on different shapes as flower like, 

linear like and sphere like nanocrystals.  
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