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ABSTRACT 
 
Nowadays, scanning electron microscopy is a valuable tool that could be applied in a number of applications 
including forensic sciences, metallurgy and nanotechnologies. In view of researchers, it provides a better overall 
visual image of the sample and makes the quick resolution of tough analytical problems effectively. In this work, the 
characterization of thin films prepared under various deposition conditions by using scanning electron microscopy 
was discussed and reported.  
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INTRODUCTION 
 

Thin films have been prepared by using various deposition methods in the presence of various precursors. The 
characterizations of obtained films are an important step in order to identity and improve the quality of samples. 
There are several techniques have been employed to achieve this research objectives such as X-ray diffraction [1-7], 
atomic force microscopy [8-19] and energy dispersive x-ray analysis [20-35]. As reported by many researchers, the 
structure, topography and composition properties could be investigated by using these techniques.  
 
In this work, the investigation of morphology of obtained films was carried out by using scanning electron 
microscopy (SEM). Nowadays, it is a valuable research tool that can be employed in a number of applications. 
Additionally, it allows researchers to view a specimen at nanometer size.  
 
Literature review: 
Scanning electron microscopy (SEM) can produce high resolution, sharp, black and white images, which allowing 
them invaluable in a variety of science and industry applications. There are some advantages including easy to 
operate, it works fast, and most SEM samples require minimal preparation actions.  
 
Bismuth sulfide thin films were deposited on fluorine doped tin oxide substrate at room temperature from aqueous 
solutions using chemical bath deposition. The chemical bath contains bismuth nitrate, sodium thioglycolate and 
sodium thiosulfate as described by Zhou et al [36]. They claim the films prepared for 2 hours consisted of brown 
velvet like material. However, the films deposited for 18 hours show brown exterior material and underlying grey 
layers. The SEM observations suggest that the both samples develop and increase in thickness as a function of time. 
On the other hand, the influence of annealing process on the morphology of Bi2S3 films was investigated by 
Mahmoud et al[37]. The SEM results show that the annealed thin films which were heated at 523 K for 5 
hoursbecome crystalline if compared to as-deposited thin films, which were observed to be amorphous.  
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Cu2S films were prepared by Pathan et al [38] using chemical bath deposition method in the presence of copper 
sulphate and sodium sulphide. The deposition was carried out at bath temperature of 27 °C at the pH of 12. They can 
observe that the films are dense, smooth and homogeneous without visible pores. Isac et al [39] have reported the 
synthesis of Cu2S films using spray pyrolysis deposition method. The influence of the precursor solution 
concentration on the morphology of films was studied by them. The SEM results indicate that a higher growth rate 
could be observed at higher copper concentration. As a result, average grain size increases from 330 nm to 500 nm, 
as the copper concentration was increased from 0.2 to 0.25 M.  
 
Zinc sulfide thin films were deposited on glass substrate from an aqueous solution as proposed by Gunasekaran et al 
[40]. The influence of the annealing temperature on the morphology of films was described by them. It is evidenced 
from the SEM results that the surface morphology of the films was improved by annealing at various temperatures 
from 100 to 500 °C. On the other hand, Poulomi et al [41] have reported that the different sized grain particles were 
distributed randomly throughout the substrate without any crack. These films were prepared using chemical bath 
deposition method and were heated at 500 °C. Additionally, they conclude that the particle size ranges from few 
nanometers to 100 nm and they are agglomerated in some places. In the other case, chemical bath deposited ZnS 
films in zinc acetate (Zn2+)-thioacetamide (TAA) aqueous solutions has been investigated by Koichi et al [42]. The 
SEM micrographs show that the morphologies are very different for the films prepared under two extreme 
conditions such as [Zn2+]/[TAA]=0.4M/0.1M and 0.1M/0.4M. It can be seen that there are much smaller particles 
with diameters of around 0.5 µm were produced with excess TAA.  
 
The morphology of the electrodeposited FeS2 films has been studied by Dong et al [43] using SEM technique. The 
films were deposited onto indium tin oxide glass in the bath containing FeCl2 and Na2S2O3 solutions. The grain size 
about 130 nm could be determined using SEM for the films annealed at 500 °C.   
 
Iron selenide (FeSe) films were prepared using electro deposition method by Pawar et al [44]. The stainless steel 
was used a substrate during the deposition in the presence of FeCl3, SeO2 and triethylamine (TEA) solutions. The 
surface morphology studies reveal that these films are uniform and pinhole free with spherical shaped grains 
covering the substrate.  
 
Surface morphology of the chemical bath deposited CuInS2 films was observed to be very sensitive to the Cu/In 
ratio as described by Mahanubhav et al [45]. The increase in grain size from 31.6 nm to 61.3 nm could be found 
with increase in Cu/In ratio as shown in SEM micrographs.  
 
Heini et al [46] have proposed that the preparation of PbTe films on substrate from alkaline medium. During the 
deposition, the disodium salt of ethylenediaminetetraacetic acid (Na2EDTA) was used to complex Pb2+ in order to 
prevent spontaneous precipitation of Pb(OH)2. The obtained films were uniform, metallic and silver gray. The SEM 
micrograph indicates that dense microstructure.  
 
Esparza-Ponce et al [47] have synthesized CdSe thin films using simple chemical bath deposition method. The 
chemicals used in the bath were cadmium chloride complexed with sodium citrate and sodium selenosulphate. The 
SEM investigation indicates the films were covered by spherical grain from few nanometers up to clusters of 0.5 µm. 
They also observe that the number of clusters increase as the deposition time increases from 2 to 6 hours.   
 
PbS films were deposited on SnO2:F coated glass using electro deposition method by Anup and Nillohit[48]. The 
deposition was carried out at the pH of 3 and at 80 °C for 120 minutes. The SEM micrographs reveal that a 
randomly oriented and a highly compact surface morphology. Also, the grain size is likely to be in the sub-micro 
range.   
 
Roy and Srivastava[49] have reported the deposition of CdS films using chemical bath deposition method in the 
presence of tartaric acid as complexing agent. SEM is very helpful to investigate the surface morphology of films as 
mentioned by them. The films annealed at 400 °C show that the smaller grains have sizes in nanometer range, 
meanwhile larger grains have sizes less than 1000 nm as observed in SEM micrographs. In other case, Barman et al 
[50] have revealed that the influence of pH on the morphology of films using SEM technique. They conclude that a 
slight increase of the grain size follows the pH decreasing from 2.2 to 1.6 but does not improve the surface 
roughness. They also point out that the semispherical grains are uniformly distributed at the surface of substrate.   
 
However, there are some disadvantages could be revealed such as the size and the cost. This equipment is 
considered as expensive and large. Furthermore, it must be housed in an area free of any electric and magnetic fields. 
Another problem is maintenance involves keeping a steady voltage, current to electromagnetic coils and circulation 
of cool water. Lastly, special training is required for technician to operate it as well as prepare samples.  
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CONCLUSION 
 

The morphology of thin films prepared at various deposition conditions could be investigated using scanning 
electron microscopy as reported and discussed by many researchers. The scanning electron microscopy micrograph 
analysis must be carried out in order to determine the grain size distribution, average particle size and film 
homogeneity.  
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