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Cd(1-x)ZnxS (x=0)/ CdS thin films were deposited by the 

chemical bath deposition technique. Depositions were done 

on cleaned glass substrates. The compositions, structural 

properties of deposited thin films were studied using X-ray 

diffraction technique. XRD studies reveal that the films are 

crystalline with hexagonal structure. Calculated lattice 

parameter shows good agreement of jcpds data card. It is 

observed that grain size of CdS thin film is 18 nm. The band 

gap of the CdS thin films 3.50 eV as composition x = 0 

Keywords: CdS, Thin films, CBD technique, Optical 

Properties, Structure Properties  
  

 

INTRODUCTION 

 

II-VI compound semiconductor deposition from aqueous 

solution has gained attention due to the economical 

advantages and capability of large-area deposition [1 -2]. 

Cadmium sulfide (CdS) is the most studied chalcogenide 

with a bandgap of 2.4 eV (in bulk) [3], additionally, it was 

studied as the semiconductor active layer during the early 

development of Thin Film Transistors (TFTs) [4]. The 

application of CdS films as window layers in high-efficiency 

solar cells based on cadmium telluride (CdTe) and copper 

indium gallium selenide Cu (In, Ga)Se2 (CIGS) has recently 

increased the interest and studies on this material [5]. 
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Group II-VI semiconductor thin films have attracted 

considerable attention from the research community 

because of their wide use in the fabrication of solar cells 

and other optoelectronic devices [6-8]. Thin films of CdS 

can be grown by chemical and physical methods such as 

chemical bath deposition CBD [9], spray pyrolysis [10], 

electrodeposition [11], solution growth [12], Sol-Gel [13], 

successive ionic layer of adsorption and reaction 

(SILAR) [14], vacuum deposition [15], sputtering [16], 

sintering [15], sublimation [16], molecular beam epitaxy 

[17] Among these techniques, chemical bath deposition 

(CBD) is the most good-looking because of its useful 

features over other deposition techniques because it is 

simple, gives high quality films at low temperatures, 

requires slow evaporation temperatures and easily coats 

very large surfaces[18]. 

 

In this paper, we reported the structural and optical 

characterization of CdS thin film using chemical bath 

deposition technique. And reveal the various others 

observation. 

 
METHODOLOGY 

 
Cd(1-x)ZnxS (x = 0)/ CdS thin films were deposited by 

the chemical bath deposition technique. Here x 

represents the Zn parameters in the bath solution as also 

in the films. Aqueous solutions used as sources for Cd2+, 

Zn2+ and S2-, as Cd(CH3COO)2 2H2O, Zn(CH3COO)2 

2H2O and CS(NH2)2  are used respectively. The entire 

chemical used in the present study and reagent used 

was of analytical reagent grade. Substrate cleaning plays 

an important role in the deposition of thin films. 

Substrate cleaning and preparation of Cd(1-x)ZnxS thin 

films. One of the film preparing (x=0) which is CdS we 

prepare (10ml) CdSo4 + (4ml)TEA(tri eithil ammain) in a 

glass beaker and sterred well for 2min. And (10ml) 

Thioria+(10ml) NH3 + (4ml)NAOH all solution mixed in 

a beaker and add the deionized water to fill the beaker 

up to 150ml. Therefore, the glass slides were washed 

with detergent and again rinsed in acetone before the 

deposition of the films. The cleaned substrate was kept 

dipped in deionized water before use. The well-cleaned 

glass substrates were slowly introduced into the bath 

vertically after obtaining the homogeneous solution. 

The desired pH value, 9 to 11 was achieved by the 

addition of aqueous ammonia solution proportionally 

into the mixture in the chemical bath. The temperature 

of the mixed solution was maintained at 750C using a 

constant temperature under continuous stirring. The 

films were prepared under continuous stirring for 1 h. 

The deposited films were cleaned several times with de-

ionized water. After that film was drying in sun and air. 

On adding NH4OH to   the aqueous bath containing 

CdSO4 the chemical  reaction results in the formation of 

a white precipitate of Cd(OH)2:[19] 

             

CdSO4+ 2NH4OH ↔ Cd(OH)2+(NH4)2SO4 

 

On adding excess of NH4OH the white precipitate of 

Cd(OH)2 gets dissolved and forms tetra-amine-

cadmium (II) ([Cd(NH3)4]2+) and hydroxyl ion (OH): 

            

 Cd(OH)2+ 4NH4OH ↔[Cd(NH3)4]+ 2OH-+ 4H2O 

 

On adding thiourea solution, reaction with OH- results 

in the formation of CN2H2and SH: 

                    

CS(NH2)2 + OH- ↔ CN2H2 + SH- + H2O  

 

 SH-  combines with [Cd (NH3)4]2+  to form CdS with the 

liberation of ammonia gas: 

                    

 [Cd(NH3)4]2+   + SH-   ↔ CdS + NH+ 4  3NH3 ↑     

 

The CdS deposition occurs on the Cd(OH)2 film formed 

initially.   

 
RESULTS AND DISCUSSIONS 

 
XRD Measurements 

XRD study reveals that the film is crystalline with 

hexagonal structure. It is observed that grain size of CdS 

thin film is 20nm. Cadmium sulfide exists in sphalerite, 

cubic and hexagonal forms. However, some authors 

have observed hexagonal structure for CdS films and 

the others observed cubic or hexagonal structure [1-8]. 

http://www.irjse.in/


 
Mugle et al., 2018                             51 

 

 
Int. Res. J. of Science & Engineering, Special Issue A5, April, 2018:  

 

  
Fig (a) XRD Pattern of CdS thin film 

 

Our thin film Cd(1-x)ZnxS(x=0)/ CdS thin films were 

deposited by the chemical bath deposition technique. 

The XRD patterns of films deposited on glass are shown 

in Fig. a). The films show an intense diffraction peak 

centered at 26.72 corresponding to the (002) lattice plane 

and its corresponding ‘d’ value is 3.33 (Joint Committee 

on Powder Diffraction Standard, JCPDS Card No. 80-

0006.  The XRD data deals the good agreement with the 

used jcpds card. diffraction peak in the plane (h k l), it is 

just possible to roughly estimate the nanoparticle size 

from the Debye–Scherrer formula [20].    





cos

.940
=D

    …………………… (4)

 

where D is the mean particle size, λ is the wavelength of 

the target used in XRD instrument and is 0.15406 nm for 

the CuKα target,  is the FWHM of the peak of (h k l) 

plane and  is the diffraction angle (20). The Debye-

Scherrer formula is used to determine the grain size. 

 

Thin film Cd(1-x)ZnxS (x = 0)/ CdS thin films were 

deposited by the chemical bath deposition technique. 

Grain size D can be estimated from the slope of the 

straight line and the intercept on the β cos θ/λ axis, 

respectively. The estimated value for the grain size is 20 

nm. Peak (100), (002), (101), (200), (102), (110) and (112) 

plane of x=0.0 (CdS) material show hexagonal structure. 

As shown in Fig (.a). The standard crystallographic data 

for CdS were taken from JCPDS card no. 80-0006 which 

is a good agreement. 

 

The lattice parameters a and c for hexagonal (Eq. (5)) 

calculating using the following equation [12-14,18]. 

Lattice parameter calculated for CdS is (a= 4.20, c= 6.30). 
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Where d is interplanar distance, a and c are lattice 

constants, and h, k, and l are the Miller indices of the 

plane. 

 

Optical Analysis 

Cd(1-x)ZnxS(x=0)/ CdS thin films were deposited by the 

chemical bath deposition technique. The optical analysis 

of CdS thin films is linear at the absorption edge, which 

confirms that CdS is a direct band gap semiconductor. 

 
Fig. (C) Energy band gap of semiconductor CdS thin film 

 

Table (a) : Various structural parameters of CdS thin films 

 2θ 
Obs 

Intensity 
Obs 

CdS 
(H) 

CdS 
(C) 

(d) value Lattice 
constant 

D  
(mn) 

X=0.0 

23.4 310  (100) 3.8031 a = 4.20 

20 

26.72 100 (002) -- 3.3372 c = 6.30 

28.60 100 (101) -- 3.1223  

30.75 60.5  (200) 2.9090  

36.46 21.6 (102) -- 2.4645  

44.00 44.5 (110) -- 2.0579  

51.94 46.8 (112)  1.7604  
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Extrapolating the straight-line part of the (ahv)2 versus 

hυ scheme. The probable band gap values are 

programmed. As shown in fig .c). Energy band gap was 

observed that 2.45 eV.  

 

CONCLUSION  
 

In this work, we prepared Cd(1-x)ZnxS (x = 0)/ CdS thin 

films by the chemical bath deposition technique. The 

deposited ZnS thin film is crystalline in nature. Debye-

Scherrer formula is used to settle on the grain size 20 

nm. We also studied the Influence of preparative 

parameters on the CdS film growth rate. The XRD 

pattern shows that the deposited CdS film is Hexagonal 

in nature. The band gap (Eg) value of the deposited film 

is about 2.45 eV. The film was tack good accord with the 

listed jcpds data card. 

 

REFERENCES 

 
1. Kainthla DK, Pandya and Chopra KL, J. 

Electrochem. Soc. 129, 99 (1982). Sarma HN, 
Acharya and NK Misra, Thin Solid Films 90, 1982, 
L43.  

2. Nair PK, Nair MTS, Garcia VM, Arenas OL, Pena Y, 
Castillo A, Ayala IT, Gomezdaza OO, Sanchez A, 
Campos J, Hu H, Suarez R, Rincon ME, Solar 
Energy Mater. and Solar Cells 52,1998, 313. 

3. Pankove JI. Optical Processes in Semiconductors, Ed 
Dover (1971). 

4. Howard WE. in Thin Film Transistors, Kagan CR, 
Andry P, Editors, Marcel Dekker, New York (2003). 

5. Romeo A, Terheggen M, Abou Ras D, Batzner DL, 
Haug FJ, Kalin M, Rudmann D, Tiwari AN. Prog. 
Photovolt: Res. Appl. 12:93,2004, 111. 

6. Xiaochun Wu, Fachun Lai, Yongzhong Lin, Zhigao 
Huang, Rong Chen, Effects of substrate temperature 
and annealing on the structure and optical 
properties of ZnS film," Proc. of SPIE," vol. 6722, 
2007, 67222L(1-5). 

7. Jayanthi K, Chawla S, Chander H and Haranath D. 
"Structural, optical and photoluminescence 
properties of ZnS: Cu nanoparticle thin films as a 
function of dopant concentration and quantum 
confinement effect," Cryst. Res. Technol." vol.42 (10), 
2007, 976 – 982. 

8. Liang-Wen Ji, Yu-Jen Hsiao, I-Tseng Tang, Teen-
Hang Meen, Chien-Hung Liu, Jenn-Kai Tsai, Tien-
Chuan Wu and Yue-Sian Wu, "Annealing effect and 
photovoltaic properties of nano-ZnS/textured p-Si 
heterojunction, Nanoscale," Research Letters, vol. 
8(470), 2013,1-6. 

9. Ning CH and Xi-Quan. Thin Solid Films 288 ,1996, 
325. 

10.  Lade SJ, Upalne MD and Lokhande CD. Mater. 
Chem. Phys. 53 ,1998, 239. 

11.  Chavhan SD, Bagul SV, Patil AR and Sharma RP. 
Ind. J. Engin. Mater. Sci. 11, 2004, 130. 

12. Valklonen MP, Lindroos S, Leskela M. Appl. Surf. 
Sci., 134, 1997, 283. 

13. Rolo AG, Gonde U and Gomes MJM, Thin Solid 
Films, 318, 1998, 108. 

14. Mueller M, Tien H, Becker U, Cruen M and 
Kligshim C. Thin Solid Films, 199, 1991, 95. 

15. Bennowna A, Amezicane EI, Sol. Energy Mater. 22 
1991, 201. 

16. Moon JT and Im HB. J. Mater. Sci. 23,1988, 3475. 

17. Shin YJ, Yong DI, Jeong TS, Shin HK, Rheu KS, Him 
TS, Kang SK and Choi YD. Sae. Mulli. 30, 1990, 376. 

18. Mugle Dhananjay, Barote MA, Ravangave LS, 
Jadhav Ghanshyam. “Study on the Structural and 
Optical Properties of Chemically Deposited Cd(1-
x)ZnxS thin Films Using Chemical Bath Deposition 
Technique”, Clay Research, Vol. 36, No. 1, 2017,pp. 
28-32. 

19. Hodes G (2002). Chemical Solution Deposition Of  
Semiconductor Films. CRC Press. 

20. Qi Liua, Mao Guobing, Ao Jianping, “Chemical 
bath-deposited ZnS thin films: Preparation and 
characterization,” Applied Surface Science 254, 
2008,pp5711–5714. 

 

© 2018| Published by IRJSE 

 

 

http://www.irjse.in/

