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ABSTRACT

Aluminium doped cadmium sulphide thin films were prepared on glass substrate using

aqueous solution of cadmium sulphide and thiourea salts by spray pyrolysis deposition (SPD)

technique. Its optical properties were analyzed as a function of doping concentration. The direct

energy band-gap of Al-doped CdS films was estimated in the range of 2.25 to 2.48 eV. The optical

spectra of Cd1-xAlxS ternary system exhibit high absorption near visible region and transmission

throughout the near-infrared region (600 - 1200 nm).  Thus so obtained hetero-junction films are

suitable for fabrication of photo detectors, solar cells and other optoelectronics devices.
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INTRODUCTION

Focused interests in the material properties of metal-metal chalcognide materials

(Thangaraju and Kaliannan 2000), are mainly due to their high efficiency in solar energy

conversions such as photo-electrochemical solar cells fabrication (Uda et al. 2003). CdS

thin films can be prepared by different techniques such as chemical bath deposition

(CBD) (Whitley et al. 1994), electrodeposition (Fan et al. 2003), laser ablation

(Raviprakash et al. 2009), sputtering (Ubale et al. 2007), and vacuum evaporation

(Naumov et al. 2006). Among these methods, SPD is a very attractive method to produce

CdS films for photovoltaic applications for which large-area devices and low-cost

processes are involved. Due to the excellent electrical, optical and structural properties,

group II-VI semi-conducting materials such as CdS is a prominent material in

optoelectronic applications as transparent electrodes, gas sensors (Khan et al. 2009), light

emitting diodes (LED's), laser systems (Vazquez et al. 1998, Natha and Jayasheela 2000)

and heterojunction solar cells (McGregor et al. 1996) etc. light emitting diodes, photo

resistor, optical memories, optical sensors (Takahashi et al. 2002), infrared lasers (Shono

et al. 2000) and as a window (Lozada-Morales and Zelaya-Ange 2004) or an interface

layer to produce high efficiency in thin film solar cells owing to its suitable properties. A

variety of techniques has been employed to prepare CdS thin films, amongst which spray

pyrolysis is simple, inexpensive and enables doping and solid solutions to be
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accomplished. In doping of group III element into II-VI compound has been widely used

to decrease the dark resistivity of CdS thin films grown by SPD (Isah et al. 2008). In this

work, in doping of SPD-CdS using group III elements, namely Al, is investigated. Their

material properties are usually affected by the addition of dopant elements. Such impurity

affects the band gap tunibility and changes in optical properties have been reported by

many researchers (Ilican and Caglar 2007). Although many studies concerning

chemically-sprayed CdS thin films are reported in the literature, a lack of information

exists concerning the Al variations. Previously we studied the structural and electrical

transport properties of CdS and Al-doped CdS thin films (Hasnat and Podder 2012).

Transmittance, absorbance, bandgap energy of doped films were carried out in the

present work to study the effect of Al doping on the optical properties of SPD-CdS. In

section 2 experimental procedure and in section 3 the optical properties of CdS:Al were

described.

MATERIALS AND METHODS

The SPD-CdS:Al thin films was carried out in a locally made reaction chamber. Glass

substrate was previously cleaned by 24 hours immersion in chromosulphyric acid and

rinsed with acetone and double distilled water. In order to prepare Cd1-xAlxS thin films the

aqueous solution of Cadmium acetate [Cd(CH3COO)2.2H2O] (Jachon et al. 2007),

Aluminum acetate [Al(CH3COO)3.2H2O] and thiourea [NH2CSNH2] (Elangovan and

Ramamurthy 2003) were used as the precursor solution. In the work, the concentration of

the solution was kept at 0.1 M (Baykul and Balcioilu 2000). The substrate temperature was

kept 3000C and substrate to spray nozzle distance was 25 cm and flow rate of solution was

kept constant as 0.5 ml/min, the pressure of the carrier gas (air) was kept constant at 0.5 bar

throughout the experiment. All the films annealed at 450C for one hour (Bagnall et al.

2001). The thicknesses of the films were measured by the setup of Fizeau fringes method

(Cheng et al. 2003). The possible chemical reaction that takes place on the heated substrate

to produce Cd1-xAlxS ternary system may be as follows:
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RESULTS AND DISCUSSION

The optical transmittance spectrum for the Cd1-xAlxS thin films has been shown in

Fig 1. All the films demonstrate more than 75% transmittance at wavelengths longer than

500 nm, which is comparable with the values for the Cd1-xAlxS thin films deposited by

others (Jaehyeong 2004), using chemical bath deposition method. Below 500 nm there is

a sharp fall in the T of the films, which is due to the strong absorbance of the films in this
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region. Absorbance in the ultraviolet region is high. Absorption increases with the

increasing incorporation of Al in the CdS films. Variation of absorbance coefficient ()

as a function of wavelength for Cd1-xAlxS thin films are shown in Fig. 2. It has been

observed that the fundamental absorption edges shift towards the longer wavelength with

increasing Al incorporation. Thus the value of absorption coefficient may be calculated

from the equation (1) (Hong et al. 2005).

t
T

)
1

ln(
 (1)

Fig. 1. Variation of transmittance as a function
of wavelength for Cd1-xAlxS thin films.

Fig. 2. Variation of absorbance coefficient ()
as a function of wavelength for Cd1-xAlxS
thin films.

In Fig. 3 (a) the variation of (αhν)2 vs. photon energy for Cd1-xAlxS thin films are

shown.  The optical transmission data were analyzed using the classical relation for near

edge of the optical absorption using the relation (2) (Bordas et al. 2003) (for  > 104 cm-1).

n
gEhBh )()(  (2)

Where B is a constant in the optical frequency range and Eg is the optical band gap,

and n is an index related to the density of state curves for the energy band. This n is

determined by the nature of the optical transition involved in the absorption process.

Analysis of the data has been made using both n = 1/2. The energy gap in a

semiconductor is responsible for the fundamental optical absorption edge. The

fundamental absorption process is one in which a photon is absorbed and an electron is

excited from an occupied valance band to an unoccupied conduction band. If photon

energy is less than the gap energy, such process is forbidden and photon energy will not

be absorbed. Such inter band absorption processes are possible only if the photon energy

is higher than the gap energy. Since absorption coefficient, α is used to describe the
reduction in intensity of light in a medium as a function of distance, therefore higher
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values of α is an indication of more reduction hν curve. The band gap of the films varied

between 2.29 and 2.44 eV. Similarly the indirect band gap of the films has also been

calculated from (αhν)1/2 vs. hν curve in Fig. 3 (b).

Fig. 3 (a).  Variation of (αhν)2 vs. photon
energy for Cd1-xAlxS thin films.

Fig. 3(b). Variation of (αhν)1/2 vs. photon
energy for Cd1-xAlxS thin films.

Fig. 3(c). Variation of direct and indirect band gap (eV) with concentration of Al of
Cd1-xAlxS thin films.

It was observed that the band gap of the doped films decreases to minimum of 2.26

eV at a ratio of 0.09, then slightly increases and finally saturates at 2.35 eV as the

[Al]/[Cd] ration exceeds 0.18. The undoped film has a band gap of 2.44 eV which agrees

well with the 2.42 eV band gap of single crystal CdS (Kumar et al. 2008). Incorporation

of Al as well as sulfur deficiency in Al-doped films gives rise to donor levels in the band

gap of CdS. As the concentration increases which in turn increase the sulfur deficiency,

the donor levels become degenerate and merge in the conduction band of CdS, causing

the conduction band to extend into the band gap which reduces the band gap. The nature
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of this variation in the band gap energy may be useful to design a suitable window

material in fabrication in solar cells. Our obtained Eg values are in good agreement with

the band gap of Cd1-xAlxS films deposited by other techniques (Fraas and Ma 1977). The

variations of direct and indirect optical band gap with different film concentrations are

shown in Fig. 3(c).

CONCLUSIONS

Aluminium doped CdS using SPD proves to be successful. The band gap of doped

films was found to decrease at first with the Al concentration and then slightly increases

and finally saturates at 2.48 eV. The minimum direct band gap observed was 2.25 at

[Al]/[Cd] ratios of 0.09 and this value of band gap is in good agreement with value

reported by other workers. Optical transmittance spectra for the Cd1-xAlxS thin films

reveals that all the films demonstrate more than 75% transmittance at wavelengths longer

than 500 nm and absorbance is high in the ultraviolet region.

ACKNOWLEDGEMENTS

The authors are thankful to authorities of BCSIR Laboratories for allowing them to

use UV-VIS spectroscopy.

REFERENCES

Bagnall, D. M., B. Ullrich, H. Sakai and Y. Segawa. 2001. Micro-cavity lasing of optically
excited Cds thin films at room temperature. J. Crys. Gr. 214(4): 1015-1018.

Baykul, M. C. and A. Balcioglu. 2000. AFM and SEM studies of CdS thin films produced by an
ultrasonic spray pyrolysis method. Microelectronic Engineering archive 51: 703 – 713.

Bordas, S., A. P. Samantilleke, S. N. Chaure, J. Haigh and I. M. Dharmadasa. 2003. Investigation
of electronic quality of chemical bath deposited cadmium sulphide layers used in thin film
photovoltaic solar cells. Thin Solid Films 437: 10–17.

Cheng, J., D. Fan, H.  Wang, B. Liu, Y. Zhang and H. Yan. 2003. Chemical bath deposition of
crystalline ZnS thin films. Semicond. Sci. Technol 18(5): 676-679.

Elangovan, E. and K. Ramamurthi. 2003. Studies on optical properties of polycrystalline SnO2:Sb
thin films prepared using SnCl2 precursor. Cryst. Res. Technol. 38(9): 779- 784.

Fan, D.,  H. Wang, Y. Zhang, J. Cheng. B. Wong and H. Yan. 2003. Preparation of Crystalline
MnS Thin films by Chemical Bath Deposition. Materials Chemistry and Physics 80: 44-47.

Fraas, L. M. and Y. Ma. 1977. CdS thin films for terrestrial solar cells? Materials and energy
78(24):92-107.

Hasnat, A. and J. Podder. 2012. Structural and Electrical Transport Properties of CdS  and Al-
doped CdS Thin Films Deposited by Spray Pyrolysis. J. Sci. Res. 4(1):11-19.

Hong, N. H., J. Sakai, W. Prellier and A. Hassini. 2005. Transparent Cr-doped SnO2 thin films
ferromagnetism beyond room temperature with a giant magnetic moment. J. Phys.
Condens. Matter.17(2): 1697-1702.

Ilican,  M. Caglar and Y. Caglar. 2007. The effect of deposition parameters on the physical
properties of CdxZn1-xS films deposited by spray pyrolysis method. J. Opt. and Adv. Mat.
9(4): 1414-1417.



30 RUBEL AND PODDER

Isah, K. U., N. Hariharan and A. Oberafo. 2008. Optimization of Process Parameters of Chemical
Bath Deposition of Cd1-xZnxS. Thin Film Advanced Physics Laboratory 12(6): 111-120.

Jachon, J., M. Varghes and K. E. Abraham. 2007. Studies on Cu, Fe, and Mn Doped SnO2 Sem
Conducting Transparent Films Prepared by a Vapor Deposition Technique. Chinise  J.  Phy.
45(2): 84-97.

Jaehyeong, L. 2004. Raman scattering and photoluminescence analysis of B-doped CdS thin films.
Thin Solid Films 451: 170-174.

Khan, M. K. A., M. A. Rahman, M. Shahjahan, M. M. Rahman, M. A. Hakim, D. K. Saha and J. U.
Khan. 2009. Effect of Al-Doping on optical and electrical properties of spray pyrolytic nano-
crystalline CdO thin films. Current Applied Physics 1748(5): 7-13.

Kumar, K., M. Sharma, J. Gaur and T. Sharma. 2008. Polycrystalline ZnS thin films by screen
printing method and its characterization. Chalcogenide Letters 5(2): 289-295.

Lozada-Morales, R. and O. Zelaya-Ange. 2004. Effects of annealing on the lattice  parameter of
polycrystalline CdS thin films. Cryst. Res. Technol. 39: 1115-1121.

McGregor, S., M. Dharmadasa and I. Wadsworth. 1996. Growth of CdS and CdTe by
electrochemical technique for utilisation in thin film solar cells. Optical Materials 6(3): 75-81.

Natha, P. and U. Jayasheela. 2000. Synthesis of Cadmium Sulphide nanoparticles. Solar Energy
Materials & Solar Cells 63: 309-314.

Naumov, A. V., T. G. Bolgova, V. N. Semenov, T. L. Maiorova and V. G. Klyuev. 2006.
Luminescence and photoconductivity of alkali-metal-doped cadmium sulfide films. J.
Inorganic Materials 42(5): 463-469.

Raviprakash, Y., K. V. Bangera and G. K. Shivakumar. 2009. Preparation and characterization of
CdxZn1-xS thin films by spray pyrolysis technique for photovoltaic applications. Solar
Energy 83(3):1645–1651.

Shono, Y., P. Osaka and A. Takashi. 2000. Optimum Growth Conditions of CdS Thin Films Grown
on GaAs (111) B by MBE. J. Vac. Soc. of Jap. 43: 284-287.

Takahashi,  M., S. Hasegawa, M. Watanabe, T. Miyuki, S. Ikeda and K. Iida. 2002. Preparation of
CdS thin films by electrodeposition: effect of colloidal sulfur particle stability on film
composition. J. Appl. Elect. 32(4): 359-367.

Thangaraju, B. and P. Kaliannan. 2000. Polycrystalline Lead Tin Chalcogenide Thin Film Grown
by Spray Pyrolysis. Cryst. Res. Technol. 35(1): 71-75.

Ubale, A. U., V. S. Sangawar and D. K. Kulkarni. 2007. Size dependent optical characteristics of
chemically deposited nanostructured ZnS thin films. Bull. Mater. Sci 30: 147-151.

Uda, H., H. Yonezawa, Y. Ohtsubo, M. Kosaka and H. Sonomura. 2003. Thin CdS Films Prepared
by Metalorganic Chemical Vapor Deposition. Solar Energy Materials and Solar Cells 75:
219-226.

Vazquez, L., A. Zehe and O. Zelaya-Angel. 1998. Chemical CdS Thin-Film Deposition Influenced
by External Electric and Magnetic Fields. Thin Solid Film 175: 1050-1056.

Whitley, J. Q., R. P. Buck, V. V. Cosofret and E. Lindner. 1994. CdS thin film preparation by the
flowed liquid film method. J. Mat. Sci. 13: 849-924.

(Received revised manuscript on 22 September, 2014)


