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Abstract: In this paper, we prepare thin films of CdS using the method of spray pyrolysis with thicknesses (150,200,250) 
nm. The optical, electrical and structural properties have been investigated for those films ready on glass substrates. 
Cadmium sulfide membrane has a polycrystalline structure of the hexagonal type. An increase in thickness did not affect 
the crystalline nature of the material as the material remained polycrystalline. Optical properties included the calculation of 
energy band gaps of the allowed direct electronic transitions. The energy band gap for CdS in the range (2.2-2.7)eV . The 
calculations also included some optical constants, such as transmittance also absorption coefficient. The increase in 
thickness led to an increase in the absorbance and absorption coefficient as well a decrease in the transmittance.  The 
electrical properties include D. C. electric conductivity Hall effect. It was showing that the type of CdS films were (p-type).  
 
keywords: CdS films, structure, optical, electrical properties.

 

1 Introduction 

The spray pyrolysis technique is a simple 
technology in which an ionic solution–containing 
the constituent elements of a compound in the 
form of soluble salts is sprayed over heated 
substrates using a stream of clean dry air [1]. The 
CdS thin films were prepared by spraying an 
aqueous solution of cadmium chloride (CdCl2) 
and thiourea [(NH2)2CS] on glass substrate kept 
at 200, 300 and 400◦C [2]. 
 
Cadmium sulfide is a semiconductor material of 
Collection II - VI (II-VI) elements in the periodic 
Table [1]. The crystal structure of matter is the 
cube (Zinc blende) and hex (hex) as shown in 
Figure ((A & B) 1.1) [2]. The unit cell is of the 
central faceted type (f.c.c.) and the lines 
connecting sulfur ions and cadmium ions are 
covalent bonds resulting from sharing two 
electrons between the cadmium atom and sulfur 
[3].  

 
Cadmium sulfide (CdS) has a direct energy gap 
and high optical storage. The CdS crystal has a 
yellow-orange color. The CdS crystal has a 
yellow-orange color [4]. The type of delivery of 
CdS is (p-type) and can be (n-type) based on the 
preparation process [5] or by adding some 
impurities such as (In, Cl, Br) [6]. 

              
The structure of Cadmium Sulfide (CdS) is solid 
hexagonal or cubic crystal. Thin films of CdS can 
be used as window material of CdS/CdTe solar 
cells and other optical devices because of their 
high band gap. • Cadmium sulfide CdS cadmium 
sulfide material possesses direct energy band gap 
and high optical conductivity [7]. The energy gap 
width is 2.4eV at 300o K [8]. Thus, its cut-off 
wavelength is at 2.4eV, at a wavelength of 
0.52µm, in the green region of the visible 
spectrum. Accordingly, the membrane is 
absorbent at the green and blue wavelengths, 
while the long wavelengths (yellow and red) are 
permeable. 
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               CdS thin films have recently received 
considerable attention because of their numerous 
excellent properties in optoelectronic fields. CdS 
thin film has a broad range of applications in 
technical fields, such as heterojunction solar cells, 
light emitting diodes, large screen liquid crystal 
devices, gas sensors and field effect transistors 
[9]. 

 
CdS indicates some magnetic properties. 
Magnetic thin films also have potential 
applications in memory and microwave devices. 
Second and third order perturbed Heisenberg 
Hamiltonian was used to describe the Magnetic 
properties of ferromagnetic and ferrite films [10, 
11]. 
  

 

 
Fig. 1: Crystal structure: (a) the composition of the cube (b) 

Composition of hexagonal [1, 2]. 
 

This paper is important because it demonstrates 
the effect of thickness on CdS film properties and 
thus helps in determining the effect of film 
thickness in applications. 
 
The aim of the current paper to produce CdS thin 

films by spray pyrolysis technique then 
investigate their structural, electrical and optical 
properties. In this paper, cadmium sulfide films 
were prepared by Chemical Spray Pyrolysis 
Method using cadmium chloride whose chemical 
formula is [CdCl2.H2O], and thiourea at a 
temperature of 400C° and with different thickness 
to detect the effect of thickness on the structural 
and optical properties of cadmium sulfide films. 
The organization of this paper is, as follows: 
Section (1) It includes the introduction, research 
materials, methods of preparation, characteristics, 
objectives and importance. Section (2) It deals 
with the practical method for preparing cadmium 
sulfide films .It includes the following 
1- Using cadmium chloride and thiourea. 
2- molar concentration 0.1M 
3-The solution is mixed with a magnetic stirrer 
for 15 min. 
4- The solution is sprayed on heated bases at 
400C°. 
5- Chemical reactions continue to produce film 
CdS. 
  Section (3) is devoted to results and discussion, 
and provides a discussion of the structural 
properties of X-ray diffraction, optical properties, 
absorbance, transmittance, optical power 
bandwidth, and electrical properties. Section (4) 
is devoted to conclusion.  
 
2 Experimental Details 
For the preparation of CdS films, cadmium 
chloride, its chemical formula [CdCl2.H2O], and 
thiourea NH2SCNH2: 
 
Prepare the decomposition solution at room 
temperature and at 0.1 M concentration by 
dissolving cadmium chloride in 25 ml of distilled 
water with NH2SCNH2 dissolved in the same 
amount of water above. 
To obtain the weight to be melted within the 
previous standard, we use the following formula 
 
M = (Wt / MWt). (1000/V)                               (1) 
M: Molecular concentration (mol / l). 
Wt: The weight to be damaged (g). 
Mwt: Molar weight of the matter (g / mol). 
V: The size of the instillation water in which the 

(a) 

(b) 
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solubility has been dissolved. 
The solution is mixed with a magnetic stirrer for 
15 min. to complete the solubility process. The 
solution is then left for an hour to obtain a 
homogeneous solution. The solution is then 
placed in the spray tank. The solution is sprayed 
on heated bases at 400C°. In the form of batches 
within specified time intervals (the duration of the 
solution is 5 seconds and then stops for 55 
seconds). When the droplets of the solution reach 
the surface of the hot base, the solid compound 
resulting from evaporation of the water of the 
solution droplets reacts with the effect of the heat 
to become CdS. Chemical reactions continue to 
produce film CdS. 
 
3 Results and Discussions 
3.1 Structural Properties 
The results of the X-ray diffraction spectrum, as 
shown in Fig.2, clarify that CdS films have a 
polycrystalline and Hexagonal structure, which is 
consistent with previous studies [12, 13, and 14]. 
The results showed that most of the peaks of the 
X-ray spectrum for films deposited at 400C° are 
in accordance with ASTM Tables. In Fig.2, 
which shows the X-ray spectrum of CdS films, a 
remarkable change is observed in the intensity of 
the diffraction peaks for some levels. This shows 
that some levels were preferred for the growth of 
crystals where the intensity of the film increases 
with increasing thickness. 

 

 

 

Fig. 2: x-ray diffraction results for CdS thin films 
 

 Table 1: Results obtained from  XRD for CdS films 
 

Thicknes
s 

(nm) 
2θ (deg.) dhkl 

std.(Å) 
dhkl 

exp.(Å) 
G.S 
(nm) 

FWHM 
(deg.) hkl 

 24.854 3.58 3.57 264.89 0.307 100 
150 26.530 3.35 3.35 209.55 0.389 002 

 28.240 
3.16 

3.15 215.29 0.380 
101 

 
200 24.822 3.58 3.58 252.44 0.31470 100 

 26.504 3.35 3.36 207.04 0.38370 002 

 28.179 3.16 3.16 
220.85 0.35970 

101 

 24.859 3.58 3.57 303.10 0.26210 100 
250 26.554 3.35 3.35 260.12 0.30540 002 

 28.216 3.16 
3.16 273.18 0.29080 101 

 

3.2 Optical Characterization 

The transmittance and absorption spectrum were 
measured as a function of the wavelength in 
region (300-1100) nm as shown in Fig.3 and 
Fig.4. Fig. 3, shows transmittance spectrum for 
CdS films as It shows an increase in 

(a) 

(b) 

(c) 
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transmittance with increasing wavelength as the 
CdS film at (250)nm thickness showed less 
transmittance than CdS films at thickness (150) 
nm and (200) nm, which indicates an increase in 
absorbance. The permeability spectrum depends 
on the chemical composition of the material and 
thickness of the membrane as well as the 
topography and reflectivity of the surface. 
 

 

Fig.3: Transmission spectrum of CdS films 
 
 

 
 

Fig.4: Absorption spectrum of CdS films 
 

The absorption coefficient (α) plays an important 
role in detector design calculations because it 
varies for different semiconducting materials, and 
is a function of the wavelength of the incident 
light and affects the amount of light absorbed by 
the films.. The absorption coefficient of the CdS 
film was calculated based on the absorbance 
spectrum as a function of the wavelength 
according to the relationship [14-15]  

 
The energy gap of the CdS films was calculated 
by drawing a relationship between (αhʋ) 2 and 
(hʋ) as in Fig.6 and by extending the straight line 

from the curve and its intersection with the x-axis 
to the energy gap value of the films as the results 
of the drawing showed that the nature of the 
transitions of these films direct transmission 
permissible depend on high absorption coefficient 
values. The value of the energy gap for a CdS 
film with a thickness of (150) nm was obtained at 
(2.2) eV, (2.5) eV and (2.7) eV at the thickness of 
(200) and (250) nm. 
this result shows that the energy gap increases 
with increasing thickness, and these values are 
close to what the researcher found [10], so this 
result shows that the absorption coefficient is 
proportional to (hu-Eg)2/hu) for a material with 
direct permissible transport [16] 
 

 
 

Fig. 5:  Absorption coefficient of CdS films 

 

Fig. 6: Energy gap spectrum of CdS films  

3.3 Electrical properties 

Electrical properties of CdS thin films with a 
thickness of (200) nm. 
Figure 7. It is shown that the conductivity of CdS 
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thin films increases when the temperature is 
increased. We notice that two separate regions exist 
during heating: The first at a low temperature and the 
second at a higher temperature. 
The first activation energy (Ea1) is (1.25) eV and 
second activation energy (Ea2) is ( 2.9) eV. 
The results of the Hall Effect study showed that 
the electrical conductivity of CdS films is of the 
positive (p-type) type according to the 
relationship between the generated Hall voltage 
and the electric current passing through the 
sample, as shown in Fig. 7. 
From the Hall effect measurement, the value of 
the Hall modulus RH of CdS films 1183(cm3/C)  
and the concentration of charge carriers 
5.003*1015(cm-3). As for the mobility of the CdS 
film 6.805(cm2/Vs), it is noted that the results 
obtained are close to what other researchers have 
reached for the same preparation method. More 
applications, such as thermal stability and 
crystallization kinetics of the semiconducting,… 
etc., can be made using the present technique  
[14-27]. Moreover, using the applied treatments 
need some extensions on different subjects, such 
as a novel technique for numerical approximation 
of two dimensional non-linear coupled Burgers’ 
equations using uniform algebraic hyperbolic 
tension. B-Spline-based differential quadrature 
method [28] can be used to best understand the 
electrical properties of CdS thin films when the 
thickness reduces dramatically. More insights on 
the hyperfine interactions can be understood 
using more complicated numerical treatments 
[29-33].  
 

 

Fig. 7: Lnσ versus 1000/T for CdS thin films 

4 Conclusions 

In this paper, we presented a scheme to prepare 
thin films of CdS using the method of spray 
pyrolysis with thicknesses (150,200,250) nm. We 
discussed the optical, electrical and structural 
properties for those films. It was shown that 
Cadmium sulfide membrane has a polycrystalline 
structure of the hexagonal type. Furthermore, an 
increase in thickness did not affect the crystalline 
nature of the material as the material remained 
polycrystalline.  
We witnessed rising (normalized) negativity of 
the cadmium sulfide membrane, which has a 
polycrystalline structure of the hexagonal type. 
Furthermore, the increase in thickness did not 
affect the crystalline nature of the material as the 
material remained polycrystalline. In addition, 
increasing the thickness led to an increase in the 
absorbance and absorption coefficient and a 
decrease in the transmittance (for all the prepared 
films within the wavelength range (300-1100 
nm), as well as an increase in the values of the 
forbidden energy gap. Finally, the electrical 
measurements indicated the existence of the p-
type cds films.[34]. 
 

Acknowledgement:  

The authors would like to acknowledge the insightful 
reports from the anonymous referees.  

Conflict of Interest: 

The authors declare that there is no conflict of interest 
regarding the publication of this paper. 

References 

[1]  Technology," translated by Fahd Ghaleb and 
Hussein Ali Ahmed. Mosul University (1990), A. 
ASHOUR, Physical Properties of Spray Pyrolysed 
CdS Thin Films, Turk J Phys 27 (2003), 551–558. 

[2]  S. M. Sze, “Physics of Semiconductor Devices”, 
John Wiley and   Sons, 2nd Edition, (1981). 

[3]  Nassr. I. Najm, Hanan K. Hassun, Bushra K. H. al-
Maiyaly, Bushra H. Hussein and Auday H. 
Shaban2 ,Highly selective CdS: Ag heterojunction 

-16

-15

-14

-13

-12

-11

-10

1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5

Ln
σ

(o
hm

.c
m

)-1
 

1000/T K-1 

t=20…



120                                                                                   N. J. Ghdeeb:  Study of Properties of Cadmium … 

 
 
© 2021 NSP 
Natural Sciences Publishing Cor. 
 

for photodetector applications, AIP Conference 
Proceedings 2123, 020031 (2019); 
DOI:10.1063/1.5116958 

[4]  B. Sapoval, C. Hermann, “Physics of 
Semiconductor”, Springer - Verlag, New York, 
(1995).  

[5]  Shailaja Klohe, et. al., “The Electrical Conduction 
in Sprayed CdS Films. “Solar Energy Materials”, 
13, (1986) 203-211, DOI: 10.1016/0165-
1633(86)90019-5 

[6]  Omar A. A.Razzaq, “Fabrication and Study of The 
Electrical and Photovoltaic Characteristic of 
CdS/Si Heterojunction”. M.Sc. Degree. Thesis, 
College of Education, Al-mustanisiriyah 
University. (2000). 

[7]  Zhao, J.H. Chu and Z. Tang, Magnetic Properties, 
Heisenberg Exchange Interaction, and Curie  
Temperature of CdS Nanoclusters, T  J. Phys. 
Chem. C  119 (2015) 52, 29071–29075. DOI: 
10.1021/acs.jpcc.5b11037. 

[8]  Kwok K.Ng, “Complete guide to Semiconductor 
Devices”, U.S.A. (1995). 

[9]  H. R. Motinho, D. Albin, Y. Yaan, R.G. Dheo, X. 
Li, C. Perkis, C.S. Jiang, Thin Solid Films 436 
(2003) 175. 

[10]  M Arasekara, Udara Saparamadu, Easy Axis 
Orientation of Barium Hexa-Ferrite Films As 
Explained By Spin Reorientation  Georgian 
electronic scientific journals: Physics 1(9) (2013)  
10-15.  

[11]  F Ouachtari, A. Rmili, B. Elidrissi, A. Bouaoud, 
H. Erguig, P. Elies Influence of Bath Temperature, 
Deposition Time and S/Cd Ratio on the Structure, 
Surface Morphology, Chemical Composition and 
Optical Properties of CdS Thin Films Elaborated 
by Chemical Bath DepositionJournal of Modern 
Physics, 2 (2011) DOI: 10.4236/jmp.2011.29131 

[12]  Natalia Maticiuca*, Mart Kukka, Nicolae 
Spalatub, Tamara Potlogb, Malle Krunksa,Vello 
Valdnaa, Jaan Hiiea Comparative study of CdS 
reducing atmospheres Energy Procedia, 44 (2014) 
77–84. DOI:10.1016/j.egypro.2013.12.012 

[13]  Haneen S. Hakeem, Nada K. Abbas Preparing and 
Studying Structural and Optical Properties of Pb1-
xCdxS Nanoparticles of Solar Cells Applications 
Baghdad Science Journal 18 (2021) :640-648 DOI: 
10.21123/bsj.2021.18.3.0640. 

[14]  M. A. Islama, M. S. Hossainb, M. M. Aliyub, P. 
Chelvanathana, Q. Hudaa, M.R. Karimc, K. 
Sopiana, N. Amina,b,c, " Comparison of Structural 
and Optical Properties of CdS Thin Films Grown 
by CSVT, CBD and Sputtering Techniques  
Energy    Procedia", 33 (2013) 203–213. DOI: 
10.1016/j.egypro.2013.05.059 

[15]  H. Kumar and M.j Singh, Effect of Thickness 
Variation of the N-Type Layer in CdS/CdTe Solar 
Cell, Int. J. Thin. Fil. Sci. Tec.  10, (2021), 
PP:121-125. DOI:10.18576/ijtfst/100209 

[16]  S. D. Sathaye and A.Sinha, “Studies on Thin Films 
of Cadmium Sulphide Prepared by A Chemical 
Deposition Method”, Thin Solid Films, 37 (1976) 
15-23.   

[17]  Vernardou, D., Kazas, A., Apostolopoulou, M.,  
Katsarakis, N., E. Koudoumas,  E.,  Hydrothermal 
Growth of MnO2 at 95 oC as an Anode Material, 
Int. J. of Thin Film Science and Technology  5 
(2016), pp. 121-127 

[18]  Al-Qrinawi, M. S.,  El-Agez, T. M.,  Abdel-Latif, 
M. S.,  Taya, S. A., Capacitance-voltage 
measurements of hetero-layer OLEDs treated by 
an electric field and thermal annealing, Int. J. of 
Thin Film Science and Technology  10 (2021), pp. 
217-226  

[19]  Elhadary, A. A.,  El-Zein, A.,  Talaat, M., El-
Aragi, G.,  El-Amawy, A., Studying The Effect of 
The Dielectric Barrier Discharge Non- thermal 
Plasma on Colon Cancer Cell line, Int. J. of Thin 
Film Science and Technology  10 (2021), pp. 161-
168 

[20]  Shapaan, M., DC Conductivity, Thermal Stability 
and Crystallization Kinetics of the 
Semiconducting 30P2O5 (50-x)V2O5 xB2O3 
20Fe2O3 Oxide Glasses. Int. J. of Thin Film 
Science and Technology 5 (2016), pp. 143-153 

[21]  Sanap, V. B., Pawar, B. H., Influence of annealing 
temperature on properties of nanocrystalline CdO 
thin films synthesized via thermal oxidation 
process,  Int. J. of Thin Film Science and 
Technology 2 (2013), pp. 107-111 

[22]  Jayamurugan, P., Ponnuswamy, V., Ashokan, S., 
Mahalingam, T.,  Investigation on Optical, 
Morphological and Thermal Properties of Spray 
Coated Polypyrrole Film,  Int. J. of Thin Film 
Science and Technology  2 (2013), pp. 261-266 

[23]  Mohamed, H. A.,  Hadia, N. M. A., Influence of 
Post Thermal Annealing on the Optical Properties 
of SnO2 Films Prepared by Electron Beam 



Int. J. Thin. Fil. Sci. Tec. 11, No. 1, 115-121 (2022) / http://www.naturalspublishing.com/Journals.asp  121 
 

 
        © 2021 NSP 
         Natural Sciences Publishing Cor. 

 

Evaporation Technique,  Int. J. of Thin Film 
Science and Technology 4 (2015), pp. 1-7 

[24]  Faraj, M. G.,  Ibrahim, K.,  Investigation of the 
Structural Properties of Thermally Evaporated 
Aluminium Thin Films on Different Polymer 
Substrates,  Int. J. of Thin Film Science and 
Technology  4 (2015), pp. 27-30 

[25]  Ibrahim, I. M., Characterization and gas sensitivity 
of cadmium oxide thin films prepared by thermal 
evaporation technique,  Int. J. of Thin Film 
Science and Technology 1 (2012), pp. 1-9 

[26]  Das, J. K.,  Nahid, M. A. I., Electrical Properties 
of Thermal Evaporated Bismuth Telluride Thin 
Films,  Int. J. of Thin Film Science and 
Technology 4 (2015), pp. 13-16 

[27]  Yamilet Quintana, William Raḿırez, Alejandro 
Urieles, Euler Matrices and their Algebraic 
Properties Revisited, Appl. Math. Inf. Sci. 14 
(2020) 583-596:  doi:10.18576/amis/140407 

[28]  Varun Joshi, Mamta Kapoor, A Novel Technique 
for Numerical Approximation of 2 Dimensional 
Non-Linear Coupled Burgers’ Equations using 
Uniform Algebraic Hyperbolic (UAH) Tension B-
Spline based Differential Quadrature Method, 
Appl. Math. Inf. Sci. 15, (2021) PP: 217-239: 
doi:10.18576/amis/150215 

[29]  Khaled Moaddy, Reliable Numerical Algorithm 
for Handling Differential- Algebraic System 
Involving Integral-Initial Conditions, Appl. Math. 
Inf. Sci. 12 (2018) 317-330: 
doi:10.18576/amis/120206 

[30]  Srinivasarao Thota, Shiv Datt Kumar, A New 
Reduction Algorithm for Differential-Algebraic 
Systems with Power Series Coefficients,  Inf Sci. 
Lett. 10 (2021) 59-66: doi:10.18576/isl/100108 

[31]  Srinivasarao Thota, Implementation of a Reducing 
Algorithm for Differential-Algebraic Systems in 
Maple, Inf. Sci. Lett. 10, (2021) 263-266: 
doi:10.18576/isl/100210 

[32]  Yeqian Liu, Extended Bayesian Framework for 
Multicategory Support Vector Machine, J. Stat. 
Appl. Prob. 9 (2020) 1-11: 
doi:10.18576/jsap/090101 

[33]  Mukesh Kumar, Aanchal Anant Awasthi, Ajay 
Kumar, Kamalesh Kumar Patel, Sequential 
Testing Procedure for the Parameter of Left 
Truncated Exponential Distribution, J. Stat. Appl. 

Prob. 9 (2020) 119-125: doi: 
10.18576/jsap/090111 

[34]  H. Rahimpour, N. Masoumi, IEEE Transactions 
on Instrumentation and Measurement 67, (2018) 
2373 (2018). DOI: 10.1109/TIM.2018.2816804 

 

  


	Study of Properties of Cadmium Sulfide Prepared by Chemical Spray Pyrolysis Method
	Recommended Citation

	Microsoft Word - 110115.docx

