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Abstract:Nanostructured  ternary CdZnS  thin films with zinc concentrations (0, 2, 4, 6 and 8 wt.%) were prepared by 

spray pyrolysis technique using perfume atomizer on glass substrates at 400° C. The effect of Zn doping on the structural 

morphological, optical and electrical properties of the films was studied.  All the films exhibit hexagonal structure with a 

preferential orientation along the (0 0 2) plane irrespective of the Zn doping level. SEM analysis showed that the film 

morphology modifies from clustered grains to nanosized needle shaped grains with Zn doping. Film transparency increases 

with Zn doping and the film coated with 6 wt.% Zn concentration exhibit a maximum transmittance of nearly 90% in the 

visible region. Optical band gap was blue shifted with increase in Zn doping which is associated with Moss-Burstein (MB) 

effect. PL and Raman spectra implied that more defects existed in the doped samples. All the films have resistivity in the 

order of 101 Ω-m and the CdS film coated with 6 wt.% Zn concentration had a minimum resistivity of  0.675 x 101 Ω-m. 
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1 Introduction 

Cadmium sulphide (CdS) is an II-VI compound 

semiconductor which play an important role in visible-

light-driven optoelectronic applications because of its wide 

energy band gap (2.42 eV), high electron affinity and n-

type conductivity. CdS thin films grow usually in the 

wurtzite structure and without external doping show n-type 

conductivity, which might be due to native defects or 

sulphur vacancies and cadmium interstitials. Due to its 

wide and direct band gap transition, high refractive index 

(2.5) and high electron affinity, CdS is known to be an 

excellent heterojunction partner for p-type CdTe, p-type 

Cu(In)Se2 solar cells. It has been widely used as a window 

material in high efficiency thin film solar cells based on 

CdTe or Cu(In) Se2 and in photoelectrochemical solar cells 

[1-3].  

However, the polycrystalline CdS, when used in solar 

cells, has some adverse properties arising from the low 

band gap, thickness and lattice mismatch, which create high 

defect density [4]. To enhance the performance of CdS as 

an efficient window material for solar cell applications 

several properties are required: (i) relatively high 

transparency (ii) not too thick to favour absorption or thin 

to avoid short circuiting. (iii) Very high conductivity to 

reduce solar cell electrical losses and higher 

photoconductivity not to alter the solar cell spectral 

response. It is well known that impurities in 

semiconductors often cause dramatic changes in their 

structural, electrical and optical properties. It has been 

reported earlier that doping CdS with elements such as  

indium (In3+) [5], aluminium (Al3+) [6], gallium (Ga3+) [7], 

Boron (B3+) [8], Manganese Mn2+ [9], iron (Fe2+) [10] can 

enhance its optical, electrical and magnetic properties. Zinc 

Sulphide (ZnS) is a promising material for its application as 

window and buffer layers in thin solar cells, due to its good 

transparency in the visible region.  

As mentioned earlier, CdS thin films are typically n-type, 

with relatively low resistivity depending upon the growth 

conditions, while ZnS thin film usually have very low 

resistivity with a band gap around 3.5 to 3.7 eV [11]. Hence 

it is expected that the homogenous composing of these two 

materials allow intermediate optical and electrical 

properties between those of pure CdS and ZnS, making it 

attractive for various applications such as window layers on 

solar cells. Zinc is an important transition metal element 

having an ionic radius of  0.074 nm which is smaller than 

that of Cd2+ (0.097 nm) and hence Zn2+ can easily penetrate 

into CdS crystal lattice replacing Cd2+ ions, improving its 

physical properties. The equal valencies and close electro 

negativities (1.7 and 1.6 Pauling for Cd and Zn, 
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respectively) also favours for the substitution of Zn2+ into 

CdS lattice.  

Accommodation of wide range of Zn into the CdS lattice 

can tune its energy band gap and improve its electrical 

properties. So in the present work CdZnS  thin films were 

fabricated by spray pyrolysis technique with different Zn 

concentrations (0, 2, 4, 6, and 8 wt.%) and the effect of Zn 

doping on the structural, morphological, optical  and 

electrical properties of CdS thin films was investigated. The 

use of perfume atomizer has many advantages over the 

conventional spray technique such as: no need for carrier 

gas, fine atomization and enhanced wettability between 

sprayed micro particles and the previously deposited layers 

[12].  

2 Experimental Details  

The undoped CdS and Zn-doped CdS (CdZnS) thin films 

were deposited by spray pyrolysis technique using a 

perfume atomizer. Chemicals used for the deposition of 

CdS and CdS:Zn films were cadmium chlorine, thiourea 

and zinc chloride. All the chemicals were of analytical 

reagent grade (sigma make, with a purity of 99.9%). The 

deposition of CdS thin films was performed on 

ultrasonically cleaned glass substrates  (micro slides of 

dimensions 76 x 25 x 1.5 mm3) kept at 400°c by spraying 

an aqueous solution (50 ml in volume) containing 0.1M of 

cadmium chloride and thiourea. ZnCl2 with different 

concentrations (0, 2, 4, 6 and 8 wt %) were added to the 

starting solution for Zn doping. 

3 Results and Discussion 

3.1 Structural studies 

The X-ray diffraction patterns of Zn-doped CdS thin films 

deposited with different Zn concentrations (0, 2, 4, 6 and 8 

wt. %) in the starting solution are shown in Figure 1. 

 
Figure1: XRD patterns of CdZnS thin film. 

From the patterns it is clear that the films are 

polycrystalline in nature. The peaks observed from the 

diffraction patterns at 2θ = 24.79°, 26.497°, 28.15°, 36.78°, 

43.72°, 47.83° and 51.9° are characteristic of pure CdS, 

suggesting that incorporation of Zn in the films does not 

imply changes in the crystalline phase of CdS. The peaks 

were indexed to (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 

3) and (1 1 2) planes of pure CdS (JCPDS card No. 41-

1049). A matching of the calculated dhkl values and the 

standard ones (Table 1) confirmed that all the deposited 

films (undoped and Zn-doped CdS) are crystallised in the 

hexagonal structure with a preferred orientation of the 

crystallites along the (0 0 2) direction such that the c-axis is 

perpendicular to the surface of the substrate. The 

preferential orientation along the (0 0 2) plane observed 

here exactly matches with the results reported by 

Sivaraman et al. [13] for Mg-doped CdS thin films 

fabricated using perfume atomizer.    

The preferential orientation of the Zn doped CdS thin films 

are evaluated by the texture coefficient (TC), calculated 

from the X-ray data using the formula [14]: 

𝑇𝐶(ℎ𝑘𝑙)  =
𝐼 (ℎ𝑘𝑙)/𝐼0(ℎ𝑘𝑙)

𝑁−1∑𝐼 (ℎ𝑘𝑙)/ 𝐼0(ℎ𝑘𝑙) 
               (1) 

Where I(h k l) is the measured intensity of the (h k l) plane, 

Io(h k l) is the corresponding standard intensity of the (h k l) 

and N is the number of reflections. Figure 2 represents 

TC(h k l) values calculated for the reflections (1 0 0), (0 0 

2), (1 0 1) (1 1 0) and (1 0 3) of the hexagonal Zn-doped 

CdS at the examined Zn doping range.  

 

Figure 2: Variation of texture of coefficient values of 

CdZnS thin films 

It can be seen that all the Zn-doped CdS films exhibited 

larger TC value for the (0 0 2) plane, indicating that the 

doped films had a c-axis preferred orientation. The lattice 

parameter ‘a’ and ‘c’ calculated from the position of the 

XRD (0 0 2) peak are presented in Table 2. It can be 

observed that the lattice parameter values decreases with Zn 

doping, which confirms that incorporation of Zn2+ into the 

CdS lattice decreases the lattice volume. Since the ionic 

radius of Cd2+ (0.97Å) is greater than that of Zn2+ (0.74Å), 
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the decrease in the lattice volume can be attributed to 

substitutional  incorporation of Zn2+ ions instead of Cd2+ 

ions. The shift in the 2θ value of the (0 0 2) peak towards 

higher angle (Table 2) strongly favours for this supposition.  

The crystallite sizes (D) of the CdZnS films was calculated 

by using the Scherrer relation [15]:

Table 1: Comparison of standard and observed‘d’ spacing values of CdZnS thin films 

(h k l) d-spacing* 

Observed ‘d’ (Å)  

Zinc concentration (wt. %) 

0 2 4 6 8 

(1 0 0) 3.5861 3.5881 3.5776 3.5681 3.5726 3.5584 

(0 0 2) 3.3599 3.3612 3.3555 3.3481 3.3471 3.3498 

(1 0 1) 3.1638 3.1678 3.1572 3.1502 3.1507 3.1440 

(1 0 2) 2.4519 2.4417 2.4448 2.4386 2.4386 2.4308 

(1 1 0) 2.0705 2.0690 2.0636 2.0598 2.0609 2.0572 

(1 0 3) 1.8998 1.9002 1.8949 1.8911 1.8866 1.8869 

(1 1 2) 1.7627 1.7605 1.7572 1.7559 1.7505 1.7511 

*JCPDS card No. 41-1049 

Table 2: Structural parameters of CdZnS thin films 

Zn doping concentration (wt.%) 2θ(0 0 2) 
Crystallite size (nm) 

Strain ε x10-3 
Lattice parameters 

Scherrer formula From W-H plots a* (Å) c*(Å) c/a 

0 26.5° 20.40 28.57 1.7 4.117 6.722 1.6327 

2 26.542° 19.91 25.77 1.741 4.110 6.711 1.6328 

4 26.602° 18.14 23.26 1.911 4.101 6.696 1.6328 

6 26.645° 16.35 18.52 1.953 4.099 6.694 1.6331 

8 26.610° 17.75 19.61 2.123 4.094 6.686 1.6331 

 𝐷 =
0.9 𝜆

𝛽 cos 𝜃
                                   (2) 

where β is the full width at half maximum (FWHM), λ is 

the wavelength of the X-ray (1.5406 Å) and θ is the angle 

of diffraction. The crystallite size was also calculated using 

the Willamson–Hall (W-H) method according to the 

relation [16]: 

𝛽 𝑐𝑜𝑠𝜃

𝜆
=

1

𝐷
+

𝜀 𝑠𝑖𝑛𝜃

𝜆
                             (3) 

The crystallite size value was determined from the 

reciprocal of the intercept on the y-axis of plot between β 

cosθ/λ and sinθ/λ (Figure 3).  

 

Figure 3: W-H plots of CdZns thin films. 

The crystallite size values calculated using the Scherrer 

relation and from the W-H plots are compiled in Table 2. It 

is observed that the crystallite size values decreases with 

increasing Zn content in the films as expected since the 

ionic radius of Zn is smaller than that of Cd. Micro strain is 

calculated by the formula 𝜺 =
𝜷 𝒄𝒐𝒔𝜽

𝟒
 as reported by Balu et 

al. [17] and the calculated values are compiled in Table 2. It 

is observed that strain is enhanced with Zn incorporation. 

Because of lattice contraction, strain is increased and it 

results in decrease in crystallite size values of the doped 

films. 

3.2 SEM and elemental analysis 

Figure 4 (a - e) shows the SEM images of CdZnS thin films 

coated with different Zn concentrations. The SEM 

micrograph of undoped CdS thin film (Figure 4(a)) reveals 

compact surface with nanosized grains interconnected with 

each other. With increase in Zn concentration, the film 

surface modifies with clouds of grains appearing almost 

throughout the entire surface for the film coated with 2 

wt.% Zn concentration (Figure 4(b)). No cloudy appearance  

is visible for the CdZnS film coated with 4 wt.% Zn 

concentration and the surface appears smooth with fully 

covered nano sized grains of unequal sizes (Figure 4(c)). 

With further increase in Zn concentration, the surface 

modifies with equally sized nano grains scattered 

throughout the entire film surface for the CdZnS film with 

6 wt.% doping concentration (Figure 4(e)). For the film 

coated with 8 wt.% Zn doping concentration, needle shaped 

grains are evinced (Figure 4(e)). Few pinholes and cracks 

are also visible. These results infer that the CdS film 

morphology changer from interconnected grain nature to 

loosely bounded nano needles with Zn doping. 

http://www.naturalspublishing.com/Journals.asp


20       V. Narasimman et al.: Structural, morphological, optical and … 
 

 

 

© 2016 NSP 

Natural Sciences Publishing Cor. 
 

The composition of Zn-doped CdS thin films were 

confirmed by energy dispersive X-ray spectroscopy 

(EDAX). The representative EDAX spectra of the undoped 

and 6 wt.% Zn doped CdS  thin films are shown in Figure 

5.  

 

 
Figure 4: SEM images of CdZnS thin films 

 
Figure 5: EDAX spectra of undoped and Zn-doped CdS (6 wt.% Zn concentration) thin films 

The elements Cd, Zn and S are present in the doped sample 

and the other elements Si and Cl which are not expected in 

the films may be resulted from the glass substrate. 

3.3 Optical studies 

The optical properties of thin films such as transmission, 

refractive index and energy gap are of great importance to 

identify their suitability as window layer material for solar 

cell applications. The transmittance spectra of Zn-doped 

CdS thin films are shown in Figure 6. The transmittance 

increases with increasing Zn concentration. Undoped CdS 

sample showed a transmittance of about 78% in the visible 

region, which increased to 90% for the doped samples, 

which may be attributed to the lesser crystallite size of 

these films as observed from the XRD analysis (Table 2). It 

is well known that when the crystallite size is small, the 

smoothness of the film increases which cause an 

enhancement in the optical transmittance. 

 

 

Figure 6: Transmittance spectra of CdZnS films. 
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The higher transmittance indicates lower defect density and 

better electrical properties of the doped CdS films because 

absorption of light in the longer wavelength region (>500 

nm) is usually caused by crystalline defects such as grain 

boundaries and dislocations [18]. Furthermore, from the

absorption spectra, the optical band gap energy Eg of the 

Zn-doped CdS thin films were calculated using the 

dependence of the absorption coefficient (α) on the photon 

energy (hυ) [19]: 

 𝛼ℎ𝜐 =  𝐴 (ℎ𝜐 − 𝐸𝑔)
1

2                          (4) 

Figure 7 shows the plot of (αhυ)2 vs. (hυ) for the undoped 

and Zn-doped CdS thin films. Extrapolation of the linear 

portion of the plot onto the energy axis gives the band gap 

values of the films.  

 

Figure 7: Plots of (αhν)2 vs. (hν) for the undoped and Zn-

doped CdS thin films. 

The Eg value of undoped CdS film is 2.4 eV. The band gap 

value obtained for the undoped film is in agreement with 

the value reported by Anbarasi et al [20] for CdS films 

fabricated by spray pyrolysis technique using perfume 

atomizer. The Eg value increases gradually as the Zn doping 

level increases and attains a maximum value of 2.66 eV for 

the CdS film doped with 6 wt.%  Zn concentration. Beyond 

this doping concentration, the band gap decreases to 2.5 eV 

for the CdS film coated with 8 wt.% Zn concentration. This 

variation in Eg is associated with the Moss-Burstein (MB) 

effect or band gap widening (BGW) mechanism [21]. 

According to Moss – Burstein effect, the optical absorption 

edge of a degenerate n-type semiconductor is shifted 

towards higher energy by an amount proportional to the 

electron density in the conduction band. From theoretical 

calculations, Zaoui et al. [22] proposed that the optical band 

gap of Zn-doped CdO films increases if Zn2+ ions 

successfully replace Cd2+ ions in the CdO lattice. The 

increased band gap values observed here confirms that Zn2+ 

ions successfully replace Cd2+ ions in the CdS lattice. 

Increased band gap values observed for the CdZnS films 

might be due to decreased crystallite size values which lead 

to quantum confinement of the charge carriers in the 

crystallites and this result in the reduction of band bending 

effect, the degree of preferred orientation, and 

stoichiometry [23]. In nanocrystalline materials, band 

bending effect can be expected at the grain boundaries as 

the surface to volume ratio is higher.  

 Normally, in crystallites with smaller size, the 

band bending effect will be more compared to bigger 

crystallites. Owing to quantum confinement, the band gap 

increases due to reduced crystallite size, which result in the 

shift of absorption threshold to shorter wavelength due to 

individual confinement of electrons and holes. The energy 

gap broadening may also be related to the existence within 

the band gap of a high density levels with energies near the 

bands, which can give rise to band tailing as has been 

suggested for many polycrystalline materials. This is in 

accordance with the results reported by Rajashree et al. [24] 

for Cd-doped PbS thin films. The wide band gap and high 

optical transparency observed for the CdZnS films make 

them possible window layers in solar cell applications.  

3.4 Electrical studies 

Figure 8 shows the variation of resistivity of CdZnS films 

as a function of Zn concentration.  

 

Figure 8: Variations of electrical resistivity of CdZns thin 

films as a function of Zn doping concentration. 

As seen in Figure 8, the resistivity decreases with 

increasing Zn doping concentration in the films up to 6 

wt.%, after which it slightly increases. The decreases in 

resistivity up to 6 wt % Zn concentrations might be due to 

the increase in the carrier concentration of the doped films 

due to the substitutional replacement of Cd2+ ions by Zn2+ 

ions. Flores et al [25] also reported a similar behaviour for 

fluorine doped CdS thin films. They quoted that the free 

carrier concentration increases due to substitutional 
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incorporation of F- ions in the CdS structure which results 

in the decreased resistivity of the films. DeMelo et al [26] 

quoted sulphur deficiencies contribute to the increase in 

free carrier concentration of the films, which reduces the 

resistivity of the films. Although the crystalline quality of 

CdS film slightly decreases with Zn doping increased 

sulphur vacancies might have played an important role in 

improving its electrical properties.  

 

3.5 PL studies  

Photoluminescence (PL) is a process in which an electron, 

excited by monochromatic photon beam of certain energy 

undergoes radiative recombination either at valence band 

(band edge luminescence) or at traps/surface states 

(normally red shifted luminescence) within the forbidden 

gap [27]. The room temperature photoluminescence spectra 

of CdS and Zn-doped CdS (Zn doping level: 6wt. %) films 

excited at λ = 230 nm are presented in Figure 9.  

 

Figure 9: PL spectra of CdZnS thin films. 

The samples exhibit emission peaks at 313, 338, 362, 394 

and 420 nm respectively. The peak at 313 nm may be 

attributed to the transitions due to excitons at higher energy 

levels. The emission peak observed at 338 nm may be 

attributed to the transition due to excitons at higher energy 

levels. Maleki et al. [28] observed a similar peak at 340 nm 

in CdS nanoparticles which they assumed to be caused by 

recombination of excitons and/or shallowly trapped 

electron-hole pairs. The emission peak centred at 362 nm is 

ascribed to the ultraviolet emission to the recombination of 

free exciton [29]. The emission peak observed at 394 nm is 

due to the electron transition from the localized level 

slightly below the conduction band to the valence band 

[30]. S vacancy states are also responsible for this peak. 

The S vacancies act as deep level trap for electrons and 

they can exothermically extract electrons from the valence 

band [31]. Emission band at 420 nm can be ascribed to a 

high level transition in CdS semiconductor crystallites, 

which is usually related to the transition of electrons from 

the conduction band edge to holes, trapped at interstitial 

Cd2+ sites. 

3.6 Raman studies 

Figure 10 shows the Raman spectra of CdZnS thin films in 

the low frequency region 300-800 cm-1 which revealed two 

modes (1LO and 2LO) for both undoped and doped 

samples. It is well known that Raman scattering spectra can 

give useful information about the crystallinite quality of the 

film by evaluating the spectral peak position and the 

spectral width of the Raman spectra. 

 

Figure 10: Raman spectra of CdZnS thin films. 

For both hexagonal wurtzite and cubic zinc blende 

structured CdS, the zone center of the first order 

longitudinal optical (1LO) phonon frequency is about 305 

cm-1 [32] and for the second order longitudinal optical 

(2LO) phonon frequency it is at about 600 cm-1. It can be 

observed from Figure 5, the 1LO mode at 300 cm-1 

dominates the spectra and the weak 2LO mode appears at 

604 cm-1. It is observed that the intensity of the Raman 

peaks changes due to the damage and disorder induced by 

Zn incorporation. Ozer et al. [33] reported that the intensity 

of Raman peaks of Sn-doped CdS thin films decreases due 

to the reduction of Sn vacancies in the films. 

3.7 FTIR analysis 

The FTIR spectra of undoped CdS and Zn-doped CdS film 

with 6 wt.% Zn concentration are shown in Figure 11.  
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Figure 11: FTIR spectra of CdZnS thin films. 

No significant difference between the spectra 

corresponding to doped and undoped film is observed. 

However, some bands of the FTIR spectra not observed in 

the undoped sample appears in the doped sample and also 

some bands are slightly shifted to lower values for the 

doped film which might be due to changes in the surface 

microstructures, residual stress, structural disorder and 

differences in grain size with very weak effect. The peaks 

of weak intensities observed at 2800-2900 cm-1 is attributed 

to C-H stretching vibrations [34] and these peaks fully 

correlate with the observed frequencies 2855 cm-1 and 

asymmetric stretches respectively [35]. The weak peak 

observed at 3580 cm-1 is attributed to hydrated water and 

the hydroxyl group which results from the hygroscopic 

nature of CdS [36]. 

4 Conclusion  

CdZnS thin films with different Zn concentrations were 

fabricated on glass substrates by spray pyrolysis technique 

using a perfume atomizer. All the films showed hexagonal 

crystal structure with (0 0 2) preferential orientation. The 

diffraction peak (0 0 2) shifts towards higher 2θ value with 

increase in Zn concentration. The lattice parameter values 

decreases due to the replacement of cadmium by zinc 

atoms. Zn doping modified the surface morphology to a 

large extent. The band gap value of ZnCdS films increased 

from 2.4 eV to 2.66 eV with increasing Zn concentration. 

This blue shift in the band gap value is attributed to MB 

effect.  Film resistivity decreased with increasing Zn 

concentration. The photoluminescence and Raman spectra 

were not affected significantly with Zn doping. The high 

transmittance, widened band gap and low resistivity 

obtained for CdZnS thin films make them promising 

candidate for optoelectronic devices as well as window 

layer in solar cell applications. 
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