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 Thin films for Cu3SnS4 were prepared by chemical bath deposition (CBD) technique at 

80 min deposition time. and 1.5pH value for different substrate temperatures (Ts=313, 

323, 333 and 343 K). Topology and morphology properties have been studied by using 

atomic force microscope (AFM) and scanning electron microscope (SEM) techniques, 
respectively. The average grain size and root mean square of roughness have been 

found. The films have topography characterized by sheet shaped grains at 313 K and 

eggs shaped grains together in big clusters at 323, 333 and 343 K . All prepared films 
varied about three times in grain sizes (104.89 – 362.56 nm) and with surface roughness 

(RMS) from (0.67 – 2.19 nm). The optimum prepared conditions were observed at 

substrate temperature 313 and 333 K, where the grain size and roughness for this film 
were (362.56 and 104.89) nm and (0.677 and 1.15) nm, respectively. The AFM and 

SEM images showed the prepared films were uniform, smooth, cover the substrate 
well, homogenous distribution for film surface, less porous and less roughness compare 

with the other films. 
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INTRODUCTION 

 

 The task for renewable energy resources is 

stimulating the research for new materials allowing 

setting up low cost and high conversion efficiency 

solar cells (Francesco Di Benedetto, 2011). Cu-Sn-S, 

an important category of I-IV-VI chalcogenides 

functional materials, has attracted great attention 

because of their promising photocatalytic activity, 

photovoltaic property and nonlinear optical property 

(Qing Yun Chen and Di Ma, 2013). 

 Morphological characterizations of Cu3SnS4 

were founded by many researches by SEM or TEM 

techniques where Vosukeet al. were prepared 

kuramite Cu3-xSnS4 with x=0.3 by solid state reaction 

in a sealed silica tube using CuS, Cu2S and SnS2 as 

starting materials.SEM images showed that samples 

contain 1 μm of pores (Yosuke Goto, 2014). Cu3SnS4 

nanoshell tubes have been prepared by Hammeiet al. 

on a large scale using CuCl2.2H2O, SnCl2.2H2O and 

thiourea as a starting reactants and ethanol as solvent 

under mild solvothermal conditions at 473 K by 

timplate mediated growth, the prepared tube like 

Cu3SnS4nanoshells are composed of spherical or 

flake like nanoparticles  (Hanmei Hu, 2005). 

Cu3SnS4nanocrystals with tetragonal structure have 

been prepared by Xianzhouget al. using simple one 

step solution technique. These nanocrystals showed 

that have slightly irregular shape with the average 

size is 16.1 nm (Xianzhong Lin, 2012).  

Cu3SnS4nanoprticles and nanostructured flowers 

have been prepared by Microwave-refluxing method 

by Narongritet al.,where the morphology 

transformation of pure tetragonal Cu3SnS4 with 

nanoparticles of hierarchical flower likes structure 

(NarongritTipcompo, 2013).Also, Fernandeset al. 

showed from SEM images the surface of Cu3SnS4 

film has some roughness and sparse voids 

(Fernandes, P.A., 2010). To our knowledge, 

topography characterizations by AFM were not 

reported before.   

 This study focused on effect the substrate 

temperatures (313, 323, 333 and 343 K) on the 

topography and morphology properties for thin 

Cu3SnS4 films prepared by chemical bath deposition 

onto glass substrates at 80 min. deposition time and 

1.5pH. Topology and morphology properties were 

analyzed by AFM and SEM techniques respectively. 

MATERIALS AND METHODS 

 

 Cu3SnS4 thin films were deposited on clean glass 

slide by chemical bath deposition (CBD) technique. 

http://academic.research.microsoft.com/Author/19964545/hanmei-hu
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All the solutions were prepared using deionised 

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 thelifetime of the deposition bath and 

adhesion of deposited films on glass substrate,more 

detail can see in ref. (Taher, B.Y., 2015). Set hot 

plate heater or water bath temperature at (313, 323, 

333 or 343 K), pH value adjusted to be constant by 

pH-meter to 1.5 where maintained by HCl solution 

and deposition time at 80 min., in this work. Four 

samples of thin Cu3SnS4 films were fabricated by 

changing the substrate temperature depending on the 

symbol of sample where (S, T, V and W) refer to Ts 

(313, 323, 333 and 343 K), respectively, with 80 

min. deposition time and 1.5pH. 

 Topography analysis of the 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). The 

morphological features of the prepared thin 

Cu3SnS4films 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 DISCUSSION 

 

 Fig.1 shows the AFM images of thin Cu3SnS4 

films at deposition time 80 min. and 1.5 pH value for 

different substrate temperatures. The films exhibit 

smooth, cover the substrate in good way and 

homogenous surfaces have morphological 

characterized by eggs shaped grains together in big 

clusters, except the sample 6S which has sheet 

shaped grains, the samples varying in surface 

roughness from (0.677 – 2.19 nm), and grain 

sizes(G.S) in the range of (104.89 – 362.56 nm) 

when Ts change from 313 to 343 K. Grain size and 

rms surface roughness values as a function of Ts for 

thin Cu3SnS4 films are shown in Table 1. In general 

the G.S decreases with increasing Ts from 313 to 343 

K whereas the roughness increases as shown in 

figure 2(a & b), respectively. 

 

 
 

Fig. 1:AFM images for thin Cu3SnS4 films at 80 min deposition time, 1.5 pH and different Ts. 

 
Table 1:Topological characteristics of thin Cu3SnS4 films study by AFM at 80 min deposition time , 1.5 pH and different Ts. 

Sample T(K) pH 
Average 

grain 

size(nm) 

Roughness 

average (nm) 

Root mean 
square 

(nm) 

6S 313 1.5 362.56 0.492 0.677 

6T 323 1.5 250.86 1.080 1.450 

6V 333 1.5 104.89 0.960 1.150 

6W 343 1.5 223.45 1.700 2.190 

 

 Figure 3 shows SEM images for thin Cu3SnS4 

films, which varied according to substrate 

temperatures 313,323,333 and 343 K for 1.5 pH and 

80 min deposition time.  It is clear that at low Ts 313 

K for sample 6S has high density of tin on the 

surface of the film compared with other samples. 

When Ts increases to 323 K for sample 6T the 

density of tin atoms on the surface of films reduces, 

but the ratio of copper increases and the film has 

homogenous distribution for grains which reduced in 

size when Ts increases to 333 K for sample 6V which 

has high content of tin on the surface of the film 

.This may due to increase in Ts, and more 

homogenous distribution and decreases for grains 

which have been observed at this Ts from AFM 

image, because the sample may be has high real 

phase compared with the other samples. When Ts 

increases to 343 K, the sample 6W shows 
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homogenous distribution and high content of tin on 

the surface of the film. This is clear from SEM image 

where color of film change to white because the 

highest tin content on the surface and the increasing 

in grain size of the film.  

 In general the effect of Ts on the samples was 

clear due to the diffusion Sn atoms to the surface of 

the Cu3SnS4 film when Ts increase. This has been 

observed also by Zhao and Cheng.  

 

 
 

Fig. 2:Grain size (a) and rms  (b), as a function of Ts for thin Cu3SnS4 films at 1.5 pH. 

 

 
 

Fig.3:SEM pictures for thin Cu3SnS4 films at deposition time 80 minute, pH=1.5 and different Ts (313, 323, 

 333 and 343 K). 

 

Conclusions: 

 Thin Cu3SnS4 films have been successfully 

deposited at 80 min. deposition time and 1.5 pHonto 

glass substrates by CBD technique at different 

substrate temperatures (313,323,333 and 343 K). The 

results of this study can conclude the following: 

 The films exhibit smooth and homogenous 

surfaces which have morphological characterized by 

eggs shaped grains together in big clusters, except 

the sample 6S which has sheet shaped grains. 

 Surface roughness (rms) for prepared films is 

increased about three times. 

 Grain size decreases with increasing Tsabout 

three times except at 333 KTs. 

 The content of tin on the thin prepared film 

surface increases when Ts increases except at 323K 

Ts . 
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