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ABSTRACT 
Cadmium chalcogenide thin films though extensively studied by depositing them by different methods by various researchers; 
but there is a little information available on these chalcogenides synthesized by a common method and under same deposition 
conditions. Therefore, the attempts were made to synthesize these materials by chemical bath deposition (CBD) technique by 
keeping the deposition conditions constant, so that it will be better to study their properties comparatively. The growth 
mechanism, chemical kinetics and thin film properties of these as-deposited films were studied with reference to their 
preparative parameters such as basic ingredients, molarities, pH of the reaction mixtures and deposition conditions such as 
time and temperature of depositions and speed of mechanical churning etc. The spectro-photometric studies revealed that these 
as-deposited thin film composites have high absorption coefficients and direct mode of transitions. These as-deposited samples 
were characterized to understand the electrical conduction mechanism involved in these films at ambient and higher 
temperatures. The thermo-electric power measurements were also made to know the type of conduction mechanisms involved 
therein. Energy dispersive spectroscopy (EDS), X-ray diffraction and scanning electron microscopy (SEM) techniques were 
employed to analyze these samples for their thin film properties.  
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1. INTRODUCTION 
Thin chalcogen films of II-VI, IV-VI, and II-IV-VI families have already been emerged as the potential candidates of 
high performance and low production cost. High absorption coefficients and nearly matching band gaps are the root 
causes of their popularity. Cadmium chalcogenides, CdX (X= S, Se, Te) occupy a challenging place among nanoscale 
semiconductors of the different chemical nature due to popularity in both experimental studies and applications [1-2]. 
They can also be used in heterojunctions, IR detectors, Lux meters, switching devices and Schottky barriers etc. The II-
VI group compounds especially are attracting a lot of attention due to their potential applications in producing 
heterojunction photoelectrochemical solar cells, optoelectronic devices, light emitting diodes and field effect transistors 
etc. [2,3,4]. The synthesis of binary metal chalcogenides of group II-VI semiconductors in a nanoparticle form has been 
a rapidly growing area of research due to their important non-linear optical properties, luminescent properties, 
quantum-size effect etc [3-4].  They have been proved their ability as the efficient absorbers and their applications in 
thin film photovoltaic and optoelectronic devices in general [5-6]. 
2. EXPERIMENTAL DETAILS  
The deposition of these cadmium chalcogenide i.e. pure CdX (X = S, Se, Te) thin films was carried out by using glass 
micro slides as substrates which were initially boiled in chromic acid for 30 min, then rinsed in acetone and de-ionized 
water and finally dried in air. For deposition of these thin films, Cadmium sulphate, thiourea, sodium selenosulphite 
and sodium tellurosulphite were used as the precursors. All the basic ingredients used were of 1M concentration and 
analytical grade (AR) reagents.  
The film thicknesses were measured with the interference technique. Scanning electron microscope (SEM) equipped 
with an energy dispersive X-ray spectrometer (EDS). To determine the contents of Cd, S, Se and Te in these films, the 
analysis was carried out with KEVEX (7000-77) energy dispersive spectrometer. The accelerating voltage used was 20 
kV. The optical properties of these chalcogenides deposited on to glass substrates was studied from the absorption 
spectrum measured by UV-VIS spectrophotometer  (Hitachi Model 330, Japan) in the wavelength range between 380 
nm to 950 nm.  
The dc electrical conductivities in dark for these thin films were measured at room temperature and in the temperature 
range between 300-600 K by two-probe conductivity measurement unit. A regulated dc power supply (Aplab make) was 
used to pass the current through these samples. The potential drop across these samples was measured with HIL-2665, 
4½ digit multimeter and current through these samples was recorded with DNM-121, 4½ digit nano-ammeter. The 
thermo-emfs generated by these samples were recorded in 300-500 K temperature range. The thermo-emfs were 
measured with a HP- 6½ digit multimeter. The temperature gradient was recorded with an Agronic 113, 4½ digit dc 
micro-voltmeter. Silver paint was applied at the ends of these films for ohmic contact purpose.   
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The X-ray diffractograms were obtained for these films to get the structural / crystallographic information pertaining to 
interplaner distance and lattice parameters etc. Philips PW-3710 X-ray diffractometer was used for this purpose. The 
range of the scanning angles (2) was varied from 20 to 80o. Further, the surface morphology of these samples was 
observed through a scanning electron microscope (SEM), Cameca SU-30 (France).   
3. RESULSTS AND DISCUSSION 
Chemical bath deposition technique has many advantages over the other conventional deposition techniques [7, 8]. The 
deposition from solution onto the substrate surface is a two-step process involving: (i) formation of stable nucleus and 
(ii) its subsequent growth that results in film formation [9,10]. The film growth takes place either by ion-by-ion 
condensation or by adsorption of the colloidal particles on the substrate surface. Synthesis, chemical kinetics and the 
growth mechanism involved depends on the various deposition parameters and method of preparation also [11] and are 
discussed elsewhere. The different preparative parameters optimized were: deposition temperature, deposition time, pH 
of the reaction mixture and speed of substrate rotation as 60o C, 90 min, 10.5 and 70  2 rpm respectively. The as-
deposited films are washed with double distilled water and dried in air and preserved in dark desiccators. The as-
deposited CdS, CdSe and CdTe films are thin, relatively uniform, smooth and tightly adherent to the substrate support. 
The terminal thickness of these films was measured by the interference technique and the film composition was 
determined by an energy dispersive spectroscopy (EDS) technique.  
Optical absorbance (t) of these chalcogenide thin films was studied and the variation of absorption coefficient () with 
wavelength () for these thin films is studied. The presence of sharp absorption edge confirms the optical band edge 
property of these films. The fundamental absorption, which corresponds to the electron excitation from the valence 
band to conduction band, can be used to determine the nature and value of the optical band gap. The nature of 
transition is determined by using the relation,  
               

h  = A (h - Eg)m            … (1) 
  
where A is constant,  is absorption coefficient, (h) is the photon energy and  Eg is optical band gap energy. The 
values of the band gap energies of these films were determined from the plots of (h)2 versus h by extrapolating the 
straight portion so as to cut the h-axis as shown in Fig. 1. The exponent depends on the nature of the transition, m = 
1/2, 2, 3/2 or 3 for allowed direct, allowed indirect, forbidden direct or forbidden indirect transitions respectively. The 
plots of      ln (h) versus ln (h - Eg) were plotted for these thin films and the slops of these straight portion of these 
plots gives the power factor, m and it has been confirmed that the transitions involved in these thin films were of the 
direct type.  
 

 
Figure 1 Plot of (h)2 Vs h for cadmium chalcogenides:  

a) CdS (), b) CdSe (■) and c) CdTe (▲) 
 
The room temperature dc electrical conductivities of these as-deposited cadmium chalcogenide thin film structures were 
measured in 300-600 K temperature range and their temperature dependence can be fitted to the Arrhenius  relation as,  
   

 = 0 Exp (- Ea / KT)          … (2) 
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 5, Issue 3, March  2016              ISSN 2319 - 4847 
 

Volume 5, Issue 3, March 2016                                                                                           Page 118 

where Ea is the activation energy of an electrical conduction process and the other terms have their usual meanings. 
The plots of Log  versus inverse of absolute temperature for these thin films were analyzed to determine the modes of 
conduction mechanism and the electron activation energies in both the high and low temperature regions. It has been 
seen that the conductivity has increased with increase in temperature. The electron activation energies in both high and 
low temperature regions were computed.   
The variation in electrical conductivity with temperature showed two distinct conduction regions corresponding to two 
different conduction mechanisms and activation energies. The analysis of these conduction mechanisms in two 
different regions is therefore of much importance. Fig. 2 showed such an analysis wherein the high temperature region 
is characterized by a grain-boundary scattering limited conduction mechanism and Fig. 3 showed hopping conduction 
mechanism which is a characteristic of conduction in low temperature region [12, 13].   
 

 
 

Figure 2 Plots of Log (T1/2) versus 100/T for cadmium chalcogenide thin films.  
 
 

 
 

Figure 3 Plots of Log (T1/2) versus 100/T1/4 for cadmium chalcogenide thin films. 
 

The thermo-emf generated for these chalcogenides was studied and analyzed by establishing the temperature gradient 
and measuring the resulting voltages across the ends of these thin films. The thermo-emf generated was measured in 
the temperature range 300-500 K. The thermo-emf generated was found to be negative for all these chalcogenides, 
indicating n-type conduction. It has been further observed that the variation in thermo-emf was approximately linear at 
low temperatures, but exhibit non-linear behavior at higher temperatures, obeying the power law dependence of 
temperature.  
This suggests that these materials are of non-degenerate type, and for such semiconductors, the thermo-electric power 
is weak. The values of room temperature d c electrical conductivity, carrier density and mobility for these chalcogenides 
were calculated and noted in Table 1. It has been seen that the carrier density and mobility are the functions of the 
temperature. The variation in carrier mobility is significant as compared to the carrier density, which is suggestive of 
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scattering mechanism is governed by the inter-crystalline barrier potential [14].  According to Petritz, the grain 
boundary scattering dependent mobility is given by,  
 

 = 0            … (3) 
 
The symbols have their usually meaning. The plots of log (T1/2) Vs 1/T  would be straight line, which shows the 
presence of grain boundary scattering mechanism.  
The X-ray diffractograms (XRD-patterns) of these thin films were obtained within the scanning angle (2) range 20 to 
80o. These films were observed to be polycrystalline in nature. Cadmium sulphide (CdS) thin film exhibits cubic zinc-
blend structure with spherical crystallites. Furthermore, cadmium selenide (CdSe) and cadmium telluride (CdTe), both 
the thin films exhibit wurtzite structures. The prominent peaks, their relative intensities and lattice parameters, for 
these chalcogenides are cited in Table 2.  
The observed prominent peaks, their intensities and lattice parameters for all these thin films were found in good 
agreement with their JCPD values. An average crystallite sizes (D’s) for all these thin films were also determined by 
Scherer’s relation. These cadmium chalcogenide thin film structures were further analyzed through scanning electron 
microscope (SEM). The polycrystalline nature with nearly smooth surface and clearly defined crystallites in 
approximately spherical shape has been observed. The SEM micrographs showed these morphologies with single type 
of small spherical crystallites [15]. It is found that the average crystallite sizes calculated from Scherer’s relation and 
those computed from their SEM studies were having the same trend.   
 

Table 1: Thin film properties of cadmium chalcogenides. 
 

Cadmium 
Chalcogenide 

Band gap energy, Eg,  
eV 

Power factor, 
 m 

Carrier Density, 
n, 1019   cm-3 

Carrier Mobility,  
, 10-5,  cm2/ V.s 

CdS 2.43 0.49 2.32 1.05 

CdSe 1.72 0.47 3.82 1.20 

CdTe 1.45 0.44 4.03 1.53 

 
 

Table 2: Prominent peaks with the relative intensities for cadmium chalcogenide thin films. 
 

Cadmium  
Chalcogenide 

No. of prominent peaks with their relative intensities 
 

Lattice 
parameters,  

A.U.       1 2 3 4 5 
a c 

 
CdS 

Peak 
 

(111) (200)  (220) (311) ---  
5.87 

 
--- 

 I/Imax 
 

67% 100% 84% 36% --- 

 
CdSe 

Peak 
 

(100)  (002) (101) (110) (202)  
4.28 

 
6.98 

 I/Imax 
 

73% 89% 100% 52% 39% 

 
CdTe 

Peak 
 

(002)  (110) (211) --- ---  
4.54 

 
7.45 

I/Imax 100% 65% 41% --- --- 

 
4. CONCLUSIONS 
The Cadmium chalcogenide thin films were deposited on amorphous glass substrates using chemical bath deposition 
technique, which is simple, cost effective, scalable and also provides large area deposition under various growth 
conditions. These films are uniform, pin hole free, diffusely reflecting and tightly adherent to the substrate support. The 
nature of transitions involved in these thin films was studied and the optical band gap energies were also determined.  
The dc electrical conductivity is increased because of the decrease in activation energy, donar levels, inter-crystallite 
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barrier potential and crystallite size of these semiconductors. The thermo-electric power measurements revealed that 
these semiconductors exhibit n-type conduction. Cadmium sulphide thin film showed Zinc-blend structure. Cadmium 
selenide and telluride thin films showed wurtzite structures with their lattice parameters in good agreement with their 
JCPD values. Surface morphological studies revealed that the cadmium chalcogenide thin films were polycrystalline in 
nature. The crystallite sizes determined from the XRD and SEM studies were in good agreement.  
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