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ABSTRACT 
Zinc doped Cadmium Sulfide thin films were deposited onto glass substrates from alkaline solutions containing Cadmium Chloride, 
Zinc Chloride and Thiourea at different dopent concentration  [0.002, 0.004, .006, .008 & .01M concetration). These films were 
characterized using X-ray diffraction, UV-visible spectroscopy and Atomic Force Microscopy techniques. Using the X-ray diffraction 
spectra the lattice parameter, grain size, average grain, number of crystallites per unit area and dislocation density are calculated 
and revealed cubic crystal structure of the Zinc doped CdS films. With increase in film thickness the optical band gap was found to 
be decreased from 2.98 to 2.44 eV. It was observed that presence of small amount of zinc results in marked changes in the optical 
band gap of CdS. The range of band gap energy for the mixed films may be helpful in designing a suitable window material in 
fabrication of solar cells. The transmittance of the Zinc doped CdS films were found in the range of 55 to 75%. The Zn doped CdS 
thin films exhibited the particle size in the range of 40 – 250 nm. The calculated band gap energy of the Zn doped CdS films lies 
between 2.38 eV (for Zn concentration 0.01 mol %) and 2.24 eV (for Zn concentration 0.002 mol%)A comparison of the results 
revealed that Zinc doped CdS thin films prepared at lower temperature improves transmittance and makes them suitable for 
application as window layer of CdTe/CIGS solar cells. 
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INTRODUCTION 

 

Compound semiconductors formed from II–VI or III–VI elements are key materials in plans to harvest 

energy directly from sunlight in photovoltaic devices. Cd1-xZnxS ternary compounds are promising materials for 

a variety of optoelectronic device applications, such as electroluminescent and photoconductor devices [1,2] and 

especially in photovoltaic cells with different polycrystalline absorber materials like CuxS [3], CuInSe2 [4]. 

CdTe [5],CuGaSe2 [6].  The reason is the possibility of tailoring its semiconductor properties between the values 

corresponding to the pure binaries. This fact allows us to adapt the material properties to the device 

requirements. Third generation thin-film solar cells are the most promising field of photovoltaic solar cell 

research. They are much cheaper to manufacture (due to using simpler deposition processes), and require much 

less materials, as compared to the conventional single-crystal cells. Polycrystalline CdTe films have high optical 

absorption coefficient and are normally used in a CdS/CdTe heterojunction configuration. In recent years there 

have appeared several papers on fabrication of these compounds by different methods. However, only few 

papers on preparation of CdZnS thin film by Chemical Spray Pyrolysis [7] can be found, despite being one of 

the most common methods used for the deposition of II - VI compound semiconductor thin films. 
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 Current work has significant potential for low-cost, scalable solar cells. The cadmium zinc sulfide (CdZnS) 

thin film is one of the promising materials which is used as a wide band gap (larger than 2.5 eV) window 

material in hetrojunction solar cells and in photoconductive devices.  The higher band gap of ternary CdZnS has 

led to less window absorption loss, which makes it an effective replacement for CdS, in thin film solar cell 

system.   

Zinc is the best material to dope CdS due to the radius of Zn 2 þ ion (0.74 nm) is close to that o Cd 2 þ (0.97 

nm). The ternary Cd1-xZnxS compound is also useful material as a window material for the fabrication of p–n 

junction without lattice mismatch in devices based on qua-ternary materials and has higher efficiency as 

compared to those of undoped CdS as photocatalyst in hydrogen production. Cd1-xZnxS has a band gap, which is 

tunable from 2.4 to 3.7 eV and, resulting, can emit and absorb at different wavelength of electromagnetic 

spectrum in the visible region by varying the x values from 0 to1. Cadmium zinc sulfides Cd1-xZnxS have 

properties in between CdS and ZnS. Addition of Zn to the most widely used CdS buffer layer material enhances 

the electronic and optical properties of optoelectronic devices. The CdZnS thin film band structure has a larger 

energy gap than CdS. This makes the material much more attractive for the fabrication of solar cells. It has been 

widely used as a wide band gap window material in hetero-junction photovoltaic solar cells and 

photoconductive devices. Keeping these aspects in view, more attention is being given in producing good 

quality CdZnS thin films for comprehensive optical studies and their various applications. A number of film 

deposition methods such as spray pyrolysis, sputtering, electro deposition, vacuum evaporation, chemical 

vapour deposition and chemical bath deposition (CBD) have been used for preparing II-VI compounds.[8,9, 10 

& 11]  In this study, we were prepared the Zn doped CdS thin films for varying Zn content by a modified Spray 

Pyrolysis Technique. The effects of Zn content on structural, morphological and some optical properties have 

been investigated. Our intension is to employ this material for suitable device fabrication. 

 

1. Experimental details: 

Spray pyrolysis is basically a chemical process, in which a precursor solution is sprayed onto a substrate 

held at high temperature. At first the aqueous solution of Cadmium Chloride (CdCl2.H2O), thiourea (CH4N2S) 

and Zinc chloride (ZnCl2) has been prepared by dissolving 10.066 grams of CdCl2.H2O, 3.806 grams of CH4N2S 

and 0.0819 grams of ZnCl2 in 100 ml of double distilled water respectively. The precursor solution has been 

prepared by mixing aqueous solution of CdCl2.H2O and CH4N2S in the ratio 1:1. Then aqueous solution of 

ZnCl2 corresponding to 0.006 mole have been added into the above mixture, to prepare Zn doped CdS thin films 

with the stochiometry of various concentrations Cd. (Cd = 0, 0.002, 0.004, 0.006, 0.008, 0.01 and 0.02M). The 

mixed solution has been sprayed onto a cleaned and pre heated mineral glass substrate maintained at different 

temperatures between 325 °C  and 450 °C. The Zn doped CdS thinfilms have been spray deposited using the 

optimized coating parameters viz., Substrate – Nozzle distance – .25 m, volume flow rate of the precursor 

solution – 15 CC/minute, Carrier gas – Air and spray time – 80 Sec. The apparatus of spray pyrolysis technique 

is diagrammed in Figure.1 and has been described in references [13]. The deposited films have annealed in an 

air furnace at 300 °C for 2 hour and 30 minitues. The structural properties of the Zn doped CdS thinfilms have 

been studied using philips pananalytical X-Ray Diffractometer. Optical transmittance of the films have been 

measured in the wavelength region 300 nm – 800 nm using Perkin and Elmer UV-Visible spectrophotometer. 

From the transmittance data, band gap energy of the films has been evaluated. Surface morphological features of 

the films have been investigated using Scanning Electron Microscope. Sheet resistance, resistivity of the films 

have been evaluated using conventional four-probe setup.       

 

 
Fig. 1: Schematic diagram of the spray coating apparatus. 
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RESULTS AND DISCUSSION 

  

The XRD profile of the Zn doped CdS thin films spray coated at various Zn concentrations have been 

shown in the Fig.2.  The variation of different crystallographic parameters viz., lattice constant, mean gain size, 

number of reflections per unit area, lattice strain, dislocation density, texture coefficient and standard deviation 

with different Zn concentration have been calculated from the experimentally observed XRD data and give in 

the Table-1.  

 The XRD pattern of all the Zn doped CdS thin films deposited at different Zn concentrations confirms the 

hexagonal structure with the preferred orientation along the (101) plane [14]. The other characteristic orientation 

of Zn doped CdS corresponding to the plane (100), (002), (400), (110), (220) and (112) have also been 

observed.  The film deposited at Zn concentration (0.001 M) shows the amorphous nature and the crystallites of 

all the orientations begin to grow gradually with the steady increase in the Zn concentration. A steep increase in 

the intensity peak of the planes (100), (002) and (101) with Zn concentration may be attributed to the heat 

induced orientated growth of crystallites.  The fig.(2) also illustrates the slow growth of crystallites along the 

planes (400), (110), (220) and (112) with the gradual increase in the Zn concentration, which has been 

confirmed from the weak intensity profile of these planes.   

 

The lattice constant “a” and “c” are calculated using the following equation [15]. 

1               4    h2 + hk + k2          l2 

                                                                                    (1)                

d2              3           a2                   c2 

 

The peak profile analysis and lattice parameter determination has been carried out JCPDS – data.  The 

strain and dislocation density in the samples have been analyzed using the formula  

β1/2 Cosθ 

Strain(ε)=                 (2) 

Dislocation density (δ)=1/D2                                                        (3) 

 

shown in the Table – 1 have been found to be well in agreement with the standard JCPDS data PDF file 

number 80.0006 [16].  The mean grain size (D) evaluated from the XRD data lie between 20 nm and 80 nm.  

The mean grain size have been found to decrease with the increase in the Zn concentration and this may be due 

to the segregation of crystallite aggregate in the films, deposited at higher concentration.       

Table.1 indicates a gradual decrease in micro strain of the crystallites with the increase in the Zn 

concentration.  As the Zn concentration increases, more thermal stress acts on the crystallites.  As a consequence 

the lattice vibrational energy increases and this causes an increase in the micro strain.  The preferred orientation 

and the crystallite growth at a particular orientation of the Zn doped CdS films have been studied from the 

texture coefficient (TC). 

The calculated texture coefficient has been found to the maximum for the (101) plane indicating it as the 

preferred orientation.  Further, the increase in the TC(101)[17] value with the Zn concentration signify, the 

gradual increase in the oriented overgrowth of the crystallites along this plane, as evidenced in the XRD profile. 

The standard deviation (σ) value and number of reflection per unit area (N) have been found to increase with the 

increase in the Zn concentration indicating the excessive crystallite growth along the preferred (101) direction. 

The (101) diffraction peak gives the lattice matching to the chalcogenide semiconductor material, which are 

used in photovoltaic devices and optoelectronic applications. The grain size of the samples has been estimated 

by ‘Debye-Scherer’ relation: 

   0.94λ 

D =  ----------                                                                                                                                                      (4) 

   Β cosθ       

Where  λ is the wavelength of the X-ray source,  β  is the broadening of the diffraction line measured at half 

of its maximum intensity (FWHM) and θ is the Bragg’s angle in degrees,  The average crystallite size has been 

calculated by resolving the intense peak.  The estimated size of Zn doped CdS crystallites was 20nm.  
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Fig. 2: XRD pattern of Zn doped CdS thinfilms deposited with different Zn concentration 

 

The transmission spectra of the Zn doped CdS thin films deposited at different Zn concentration have been 

shown in the Fig.2a.  For all the films, at any wavelength, the optical transmittance has been found to increase 

with the increase in the Zn concentration. This may be attributed to the gradual reduction in the light scattering 

effect offered by the fine crystallites with the steady increase in the Zn concentration. For all the films the 

absorption edge lies in the UV region.  The maximum transmittance of 85% (at λ = 800 nm) has been observed, 

for the Zn doped CdS[15] thin film spray deposited at the Zn concentration 0.008 mol. The optical band gap has 

been evaluated from the x-axis intercept of the extrapolated line in the Fig. 2b. The direct band gap energy 

calculated from the Fig. 2b lie between 2.2 eV (for Zn concentration 0.01 mol %) and 2.38 eV (for Zn 

concentration 0.002 mol %). The band gap energy has been found to decrease with the increase in the Zinc 

concentration of the film. Enhancement in band gap dur to zinc incorporation has been reported for CBD films 

and this indicates solid solution formation. The absorption edges of the films were observed to shift towards 

shorter wavelengths (blue shift) with respect to the Zinc enrichment in the film.  This is strongly evident that the 

band gap tunability is mainly due to Zn2+ concentration in the formation of Zn doped CdS thin films.  

 
Table 1: Structural Parameters of Zn doped CdS  thin films 

Zinc 
concentr

ation 

 

Grain 

size             

strain   

ε 
 

Dislocation 

Density (δ) 
 

N   Lattice Constant 

Texture 

Coefficient 
(TC) 

Standard  

deviation 
 

Mol % nm 

 

10-3  

lin-2 m-4  

 

 1015  

 lin/m2 
10 -16 a    Ǻ c   Å  (σ) 

0 79 2.116 4.87 0.1542 4.1218 6.6963 1.0000 

 

2.0844 

 

0.002 35 2.416 6.08 0.1592 4.1185 6.6962 1.0000 

 

2.1026 

 

0.004 33 2.266 7.02 0.3002 4.1107 6.6869 1.0000 

 

1.3133 

 

0.006 26 0.891 1.05 0.1603 4.1095 6.6710 1.0000 
 
2.3049 

 

0.008 25 0.788 7.38 0.0803 4.1051 6.6642 1.0000  
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2.0951 

 

0.01 20 0.765 5.48 0.4242 4.1026 6.6627 1.0000 1.9405 

 

 
 

Fig. 2a: Transmission spectra of CdZnS thinfilms deposited with different Zn concentrations 

 

 
 

Fig. 2b: Determination of band gap energy of CdZnS thin films 

 

The electrical resistivity has been evaluated from the sheet resistance measurements. The electrical 

resistivity has been found to decrease with the increase in the dopant concentration.  This may be attributed to 

the gradual decrease in the lattice scattering of charge carriers with the increase in the Zinc concentration.  A 

minimum electrical [18]Metin et al., 2002) resistivity of 3.1 X 103 Ω – cm is observed for the CdZnS film 

deposited at the Zn concentration at 0.008 mol %. 
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Fig. 3: Shows Photoluminecence emission spectra of Zn doped CdS thin films with different concentrations 

 

 
 

Fig. 5: Raman spectra of Zn doped CdS thin film with different concentrations 

 

The Photoluminescence emission spectra of  the Zn doped CdS this prepared with different concentrations 

is shown in fig.4  Photoluminescence have been recorded at room, temperature with wavelength between 300 

and 1100nm exhibits the band of emission peaks around 550 and 800nm. The figure shows the rise in the 

intensity level of the peaks at higher temperatures for all the concentrations. 

The Raman spectra of Zn doped CdS thin films prepared with different dopant concentrations at is shown in 

fig.5. The figure shows the Raman spectra over wide frequency range for the Zn doped CdS thinfilms at 0.002 

M  Zn Doping concentrations. The peak observed at 300 cm-1  coincided with Aluminium doped CdS thinfilms. 
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The FT-IR spectra of Zn doped CdS thinfilms prepared with different dopant concentrations  is shown in 

fig. 6.  The fig. 5. sShows the absorption peaks obtained at 2500, 3700 and 5000 cm-1 as found for un doped 

CdS thin films which represents CdS stretching.  There are variations in the intensities of the absorption peaks 

during the change in the temperatures and the dopant concentrations.  The observed intensity levels are very low 

for certain concentrations like .002 M concentrations.  The absorption band present at 3700  cm-1 is due to OH 

stretching vibrations of water molecules. 

 
 

Fig. 6: FT-IR parameters of Zn doped CdS Thin Flim with different concentrations 

 

The SEM micrograph of the Zn doped CdS thin films deposited with the Zn concentration 0.002 mol% to 

0.01 mol% have been shown in Fig.7. All the images show uniform surface pattern associated with large 

accumulation of fine grains. The figure also illustrates lesser surface roughness, without any dark pits and pin 

holes.  The grain size estimated from the SEM analysis lies between 50 nm and 150 nm.  

 

 
 

Fig. 7: SEM image of the CdZnS thin films deposited with different Zinc concentrations 

 

AFM is the one of the best technique than SEM since the scanning resolution is in nm.  Moreover it gives 

detailed picture on the surface roughness as well as the grain growth in the Zn doped CdS thin films.  To 

understand the effect of Zn concentrations at dopant concentrations, AFM images at 0.004 M  and 0.008M are 

recorded and is shown in Figure - 7 (a-f).  The observed surface roughness and the grain sizes are decreased.  It 

could also be observed that the surface roughness for the Zn doped CdS thin films at higher temperature 

decreases as the concentration increases.  

The Figure - 7(a-f)  shows the 3D images of Zn doped CdS thin films prepared via Spray pyrolysis 

method. It confirms the effect of Zn concentration on surface roughness. But the high value of surface 

roughness is observed for higher concentration Zn doped CdS film and reduced value is observed with 

consecutive doping. These changes may be due to the presence of hexagonal phase instead of CdS phase in 

(002) orientation. However the surface roughness is found to be decreased for the film at higher substrate 

temperature and this is mainly due to the effect of Zn doping. But the observed results clearly indicate that this 
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effect depends on the Zn concentration. So, a reduced surface roughness is observed for higher Zn 

concentration and higher substrate temperature. 

 

 
  

   

 

Fig. 7(a-f): AFM image of Zn doped CdS thin films deposited with different Zn concentrations 

 

Conclusions: 

Zn doped CdS thinfilms have been prepared on mineral glass substrate by spray pyrolysis method. The 

XRD profile of the films confirms hexagonal wurtizite structure with preferred orientation along the (101) 

plane. The mean grain size have been found to decrease with increase in the Zinc concentration and this may be 

due to the segregation of crystallite aggregate in the films, deposited at higher dopant concentration. The gradual 

increase in micro strain with the dopant concentration may be due to the increase in thermal stress and the lattice 

vibrational energy, with the rise in the dopant concentration. The direct band gap energy calculated from the 

transmittance measurements lies between 2.28 eV (for Zn concentration 0.01 mol %) and 2.4 eV (for Zn 

concentration 0.002 mol %). The range of band gap energy for the mixed films may be helpful in designing a 

suitable window material in fabrication of solar cells and sensors. However, for high Zn-content film, excess 

doping agent precipitates resulting in zinc coalescence in certain regions resulting in enhanced absorption which 

has adverse effect in window layers in solar cells. It appears from our present study that low value of Zn 

concentration, although present a band gap value slightly higher than that of CdS bulk, is suitable for application 

due to its higher transparency and better surface morphology. The electrical resistivity is found to be low with 

the value 3.1 X 103 Ω – cm for the film deposited at the Zn concentration 0.008 %m0l. The SEM and AFM 

micrographs of the films show uniform surface pattern associated with large accumulation of the grains.  
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