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ABSTRACT 

Synthesis of nanostructured composite chalcogenide materials has been the subject of much interest in 
basic research because of their novel physical and chemical properties. The ternary composite 

semiconducting thin films of CdS: FeS were successfully  deposited onto glass substrates from aqueous 

solutions of ferric chloride, cadmium chloride and thiourea using at 573K temperature by using spray 
pyrolysis method. The films were characterized by using X-ray diffractometer (XRD), two point dc 

electrical resistivity measurements and UV-VIS spectrophotometry. The structural study revealed that 

CdS: FeS composite thin films are nanocrystalline in nature with hexagonal lattice. The electrical 

resistivity of CdS: FeS thin film was found to be of the order of 10
6
 Ωcm. The thermo-emf measurement 

conforms n-type conductivity of CdS: FeS thin film.The optical characterization shows that the band gap 

of the spray deposited CdS: FeS thin film is 2.34 eV. 
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INTRODUCTION  
The development of high speed micro and nano devices demands novel nanostructured materials with 

improved physical and chemical properties. The physical and chemical properties of the material can be 

engineered as per need by preparing various kinds of multicomponent chalcogenide thin films (Valkonen 

et al., 1998; Edamura and Muto, 1995). In recent years the ternary metal chalcogenide thin films were 
found suitable in the development of various fields such as microelectronics, communication, optical 

electronics, catalysis, and energy conservation devices (Kuku et al., 2006). In this regard, there has been 

increasing interest in the synthesis of nanocrystalline ternary semiconducting composite materials, such as 
CdS-ZnS, CdS-Bi2S3, CuInSe2, Cu(In1−xAlx)Se2, (NiS)x(CdS)(1-x) etc. (Nicolau et al., 1990; Ahire et al., 

2001; Pathan and Lokhande, 2005; Dhanam et al., 2010; Ubale and Bargal, 2011; Khare, 2012; Khare et 

al., 2012; Chate et al., 2011). They offer the great opportunity to modify the electrical and optical 

properties as per demand into a single semiconductor composite material, which provides many potential 
applications in the field of semiconductor spintronic and optoelectronic devices (Wu, 2006). The 

electrical, optical and magnetic properties of CdS are strongly modified by the doping of Fe (Mycielski et 

al., 1986; Sarem et al., 1990). In the present work prepared CdS: FeS thin films were well characterized 
using X-ray diffractometer (XRD), two point dc resistivity measurement technique and UV-VIS 

spectrophotometry.  

 

MATERIALS AND METHODS 

Spray pyrolysis is a versatile and effective technique to deposit wide variety of nanostructured metal 

oxide (Ubale and Ibrahim, 2011; Ubale and Deshpande, 2010), metal chalcogenides (Misho et al., 1991; 

Lopez et al., 1996) and selenides (Mangalhara et al., 1988; Weng and Cocivera, 1992) thin films. To 
deposit CdS: FeS thin films onto glass substrates by spray pyrolysis technique ferric chloride, cadmium 

chloride and thiourea supplied by Sd-fine Chemicals, Mumbai were used. The transparent yellowish 

orange coloured spray solution of stable phase was prepared by mixing 10 mL of 0.1M ferric chloride, 10 
mL of 0.1M cadmium chloride and 20 mL of 0.1M thiourea in a measuring cylinder. This solution was 

sprayed using compressed air as a carrier gas onto hot glass substrates kept at 573 ±5K temperature. 
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Several trials were conducted to optimize the different deposition parameters such as substrate 

temperature, spray rate, concentrations of cationic and anionic sources etc. 

In the present work, thickness of the film was measured by gravimetric weight difference method using 
the relation,  

t =
m

ρ × A
                                                                                                                                                                            (1) 

where, „m‟ is the mass of the film deposited on the substrate in gram; „A‟ is the area of the deposited film 

in cm
2
 and „ρ‟ is the density of the deposited material in bulk form. The structural studies were carried out 

using Philips PW 1710 diffractometer, with Cu-Kα radiation of wavelength 1.5405 A°. The dc two-point 

probe method of dark electrical resistivity was used to study the variation of resistivity with temperature. 
The optical characteristics were studied using Lambda 25 UV-VIS spectrophotometer (PerkinElmer) to 

find band gap energy of CdS: FeS thin films. 

 

RESULTS AND DISCUSSION 

Structural Studies   

The crystal structure of CdS: FeS thin films deposited by spray pyrolysis method have been carried out by 
means of X-ray diffraction analysis in the range of 2θ between 10 to 90

0 
.  A typical XRD peak pattern of 

CdS: FeS films of thickness 251 nm deposited onto glass substrate is shown in Figure 1. The XRD peaks 

in the pattern at (0 0 2), (2 1 1) and (2 1 7) confirms hexagonal structure [JCPDS card CdS: 80-06, 6-314 

and FeS:80-1026,1027,1029]. The average crystallite size of the film was determined by using Debye 
Scherrer formula, 

d =
0.9 λ

βCos  θ
                                                                                                                                                     (2) 

where „λ‟ is the wavelength used (0.154 nm); „β‟ is the angular line width at half maximum intensity in 

radians; „θ‟ is the Bragg‟s angle. The average particle size calculated from the prominent peaks (0 0 2) 
and (2 1 1) is 26.34 nm, which shows that spray deposited CdS: FeS thin films nanocrystalline in nature.   

 
Figure 1: XRD pattern of composite spray deposited CdS: FeS thin film 

 

Electrical Properties 

The variation of dc-electrical resistivity with temperature was studied for CdS: FeS thin film in the 

temperature range 300 to 483 K. The room temperature electrical resistivity is of the order of 10
6
 Ωcm. It 

was observed that resistivity decreases as the film temperature increases which shows that CdS: FeS films 

are semiconducting in nature. Figure 2 shows variation of log (ρ) with reciprocal of temperature (1/T) for 

CdS: FeS thin films. The dependence of resistivity on temperature is almost linear indicating the presence 

of only one type of conduction mechanism in the film. 
The thermal activation energy was calculated using the relation, 

 

                                     ρ = ρ0exp
(E

0
/KT)

                                                                                                        (2) 
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where, ρ is resistivity at temperature T, ρ0 is a constant; K is Boltzmann constant. The activation energy 

(E0) was calculated from the resistivity plots. The activation energy is found 0.045eV.The thermo-emf 

developed across hot-cold junction of CdS: FeS thin film in dark was measured as a function of 
temperature difference. The polarity of the generated thermo-emf was negative at the cold end with 

respect to the hot end, which confirms that, CdS: FeS thin films are of n-type. 

 
Figure 2: Variation of Log of resistivity with 1/T for CdS: FeS thin film 

 

Optical Properties 
The optical absorption studies were carried out in the wavelength range 380 to 1100 nm and the 

absorption spectra is analyzed to find band gap energy of CdS: FeS thin film.  

Figure 3 shows the variation of optical absorbance (αt) of CdS: FeS thin film with wavelength deposited 
onto glass substrate, here „t‟ is film thickness and „α' is the optical absorption coefficient.  

The nature of transition is determined by using the relation, 

 α =
A(hυ−Eg )n

hν
                   (3) 

where hν is the photon energy, Eg is the band gap energy, A and n are constants. For allowed direct 

transitions n = 1/2 for allowed indirect transitions n = 2. 
 

 
 

Figure 3: Variation of optical absorption vs. wavelength for CdS: FeS thin film 
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Figure 4: Variation of (αhυ)
2
 verses hυ for CdS: FeS thin film 

 

The plot of (αhν)
2
 versus hν is shown in Figure 4. The nature of plot indicates the existence of direct 

transition. The optical band gap energy “Eg” is determined by extrapolating the straight line portion to the 

energy axis for zero absorption coefficients. The value of Eg for as deposited CdS: FeS thin film is found 
2.34 eV. 

Conclusion 

CdS: FeS thin films were successfully deposited onto glass substrates by spray pyrolysis method by using 
aqueous solutions of ferric chloride, cadmium chloride and thiourea at 573K temperature. XRD 

measurement confirms that CdS: FeS thin films are nanocrystalline in nature withhexagonal phase.The 

electrical characterization shows that CdS: FeS thin films are semiconducting in nature with n-type 
conductivity. The optical characterization shows that the band gap of the spray deposited CdS: FeS thin 

film is 2.34 eV. 
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