
INTRODUCTION

In recent years, a significant interest is associated with

the AII-BVI semiconductor compounds, due to their novel prop-

erties and large area of applications. Various nanostructures

made out from AII-BVI semiconductor compounds have been

made, such as nanowires, nanorods, nanotubes, nanobelts, etc.,

with wide range of applications, especially in electronics and

optoelectronics devices, where the techniques for the manipu-

lation of the electrical and optical properties, doping and free

carriers transport properties are intensely discussed1-10.

Among these semiconductor compounds, CdS is one of

the widely studied materials1-11. This material has many appli-

cations and from these applications we are interested in

photovoltaic applications, in particular in manufacturing high

efficiencies heterojunction CdS/CdTe solar cells11. A subs-

tantial number of experimental efforts have been made so far

in order to improve the efficiencies of these experimental cells.

However the efficiencies for the solar energy conversion are

still relatively low, despite the theoretical calculations that

suggests a maximum achievable efficiency of 30 % for CdTe

solar cells.

The increased interest for this kind of solar cells is also

due to their use in space technologies, where a considerable

amount of work has been done in characterizing various prop-

erties of CdS/CdTe photovoltaic cells after their irradiation
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with different ionizing radiations. Previously Cd1-xZnxS thin

film optimization process12, thin film with low Zn content13

and their film optical characterization14 have been prepared

via chemical bath deposition (CBD) by Kasim Uthman ISAH,

Caijuan Tian and M.A. Mahdi, respectively.

EXPERIMENTAL

General procedure: Cd1-xZnxS thin films were deposited

on Menzel-Glazer glass slides. The chemicals used were 0.015

M cadmium acetate, 0.015 M zinc acetate and 0.05 M

thiourea. The concentration of ammonium acetate used as

buffer was varied from 0.1-0.6 M in steps of 0.1, while

ammonia solution concentration was varied from 0.4-1.2 M

in steps of 0.2. The temperature was also varied from 55- 85 ºC

while keeping the ammonium acetate and ammonium hydro-

xide constant. The measurements were taken from the near

ultraviolet (300 nm) to the near infrared (900 nm) regions2.

The depositions were performed with CdCl2, ZnCl2 and

thiourea concentrations varying from 0.001 to 0.06 mol/L,

ammonia concentrations in the range of 0.072 to 0.179 mol/L

and pH values between 8.5 and 10.5 to obtain the optimum

growth conditions of the Cd1-xZnxS thin films13 (Tables 1-3).

Thin films of cdZnS were deposited from the solution by

using high purity start materials (Sigma-Adrich) cadmium

acetate as a Cd2+ ions source, zinc acetate as a Zn2+ ions source,
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TABLE-1 
THIN FILMS PREPARATION PARAMETERS 

Molarities mol in 5 mL 

S. 
No. 

Samples 
Cadmium 

acetate 
Zinc 

acetate 
Thiourea 

Film thickness 
(nm) 

1 S1 0.04 0.0 0.04 120 

2 S2 0.04 0.02 0.04 116 

3 S3 0.04 0.03 0.04 117 

4 S4 0.02 0.04 0.04 113 

5 S5 0.00 0.04 0.04 102 

 
TABLE-2 

FILM THICKNESS AND AMMONIA  
HYDROXIDE CONCENTRATION 

S. No. Film thickness (nm) 
Ammonia hydroxide 
concentration (M) 

1 50 0.4 

2 125 0.6 

3 300 0.8 

4 100 1.0 

 
TABLE-3 

FILM THICKNESS AND AMMONIA  
ACETATE CONCENTRATION 

S. No. Film thickness (nm) 
Ammonium acetate 

Concentration (M) 

1 50 0.1 

2 125 0.2 

3 282 0.3 

4 120 0.4 

5 100 0.5 

 
thiourea as a S2– ions source in an alkaline solution of ammonia

and ammonium acetate as a buffer solution. The temperature

fixed at 800 ºC14.

RESULTS AND DISCUSSION

Optimization: Fig. 1 show the dependence of deposited

Cd1-xZnxS film thickness on [NH3] introduced into the reaction

bath as ammonium hydroxide NH3OH from a concentration

of 0.4-1.0 M.The reagent concentrations are [Cd(CH3COO)2]

= [Zn(CH3COO)2] = 0.015, [CH3COONHH4] = 0.3 and

[SC(NH2)2] = 0.05 M. [NH3] is varied from 0.4 to 1.0 M in

steps of 0.2. The film thickness is negligible at 0.4 M [NH3]

and increases with increasing [NH3] and peaks at a concen-

tration of 0.8 M ammonia and subsequently decreases at higher

[NH3]
12.

 Fig. 1. Influence of ammonia concentration on Cd1-xZnxS film thickness

The variation of deposited film thickness as a function of

ammonium acetate concentration in shown in Fig. 2. Five

concentration of the ammonium salt (0.1, 0.2, 0.3, 0.4, 0.5

and 0.6 M) where considered at a temperature of 75 ºC and a

pH varying from 9.2-9.7. The figure shows a gradual increase

in film thickness with increasing ammonium acetate. Concen-

tration, with the film thickness peaking at a concentration of

0.3 M and a thickness of 282 nm. Higher concentration of

ammonium acetate shows a decrease in film optimal thickness

of 282 nm at 0.3 M ammonium acetate concentration to a film

thickness of 170 nm at an ammonium acetate concentration

of 0.6 M. This observation is consistent12.

Fig. 2. Influence of ammonium acetate concentration on Cd1-xZnxS film

thickness

Various temperatures from 45 to 85 ºC in steps of 10 ºC

were used in the co-depositing Cd1-xZnxS to obtain the optimal

temperature. Fig. 3 shows an increase in film thickness as the

temperature increases from 45 to 75 ºC and drops at 85 ºC.

The rise in the film thickness may be due to the increase in the

hydrolysis of thiourea as the temperature increases15. This

provides the S2- necessary for the metal chalcogenide forma-

tion. Also the kinetic energy of the ions in solution is higher at

higher temperature, which brings about increased interaction

between them and subsequent deposition at volume nucleation

centers of the substrate16.

Fig. 3. Cd1-xZnxS film thickness dependence on bath temperature

At pH value 8.5, only a single strong Cd1-xZnxS (002) peak

can be detected (Fig. 4). However, as the pH value increases,

the intensity of the Cd1-xZnxS (002) peak decreases and peaks
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of ZnS and ZnO also emerge in these patterns. This is probably

caused by the excessive ammonia which leads to the reactions

of Zn(NH3)4
2+ and OH– and that may be responsible for the

accentuation of ZnO peak when the pH value increases to 9.5.

When the pH value reaches up to 10, on the contrary, all the

peaks are weakened13.

Fig. 4. XRD patterns of Cd1-xZnxS thin films prepared at different pH values

We investigated XRD patterns (not shown there) of

Cd1-xZnxS thin films prepared at different temperatures. As the

bath temperature increases from 60 to 90 ºC, the intensity of

Cd1-xZnxS (002) firstly becomes strong and then weakens. Also,

peaks other than Cd1-xZnxS cannot be detected in the thin films

deposited at 70 ºC. Therefore, the optimal bath temperature to

preparing Cd1-xZnxS thin films by chemical bath deposition is

70 ºC13.

The optical transmittance spectra of Cd1-xZnxS thin films

recorded in the wavelength range 300-800 nm. The wavelength

dependence of optical transmittance of the investigated films

deposited at different Cd and Zn source molarities. The film's

optical transmittances of 65-85 % in the 600-800 nm range

which is high enough for solar cell applications. The Zn2+

concentration is increased and Cd2+ concentration decreased

in the solution, the films became more transparent in wave-

length longer than 500 nm and the curves shifted towards low

wavelength3.

Conclusion

Optimum film thickness was obtained for ammonium

acetate concentration of 0.3 and 0.8 M ammonium hydroxide.

These concentrations tend to minimize homogeneous reaction

leading to improved film quality and thickness maximization,

in Cd1-xZnxS thin films prepared by using chemical bath deposi-

tion (CBD) method. Films thickness decreased with increasing

in Zn concentration, so the transmission may increase.

Depending on Cd and Zn ions source molar concentration,

the values of the direct optical band gaps changed from 2.42

eV for CdS to 3.7 eV for ZnS. The Cd1-xZnxS thin films may

be assumed as an ideal alternative material to CdS and ZnS

since its composition can be simply controlled.
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