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Deposition Temperature Effects On Cualse, Compound Thin
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Abstract: A low cost chemical bath deposition technique has been used for the preparation of Copper
aluminum diselenide (CuAlSe,) compound thin films onto commercial microscope glass substrates at variation
of deposition temperature. The effects of deposition temperature (above room temperature (27°C)) towards the
optical properties of the films were investigated. The optical properties were investigated by Jenway software
6405 UV-Vis spectrophotometer. The optical band gap energy of the films above room temperature ranges from
2.00 — 2.14 eV depending on the deposition temperature.
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l. Introduction

Copper aluminum chalcogenides semiconducting materials have been investigated at recent years as a
potential material for realization blue LEDs, solar cells and other optoelectronic applications. In particular, the
wide-gap compound CuAlSe, is considered potentially useful for photovoltaic solar cell application, and as
thermal window glass coating material. There are many methods of preparing thin films, such as chemical bath
deposition [1], Electrodeposition [6], Travelling heater [10], Potentiostatic depositon [9], MetalOrganic Vapour
Phase epitaxy (MOVPE) [6], Low- pressure Metalorganic Chemical-Vapour deposition [3], Vacuum
evaporation [4], Close Space chemical bath deposition [8].

In this paper, we prepared CuAlSe; thin films by chemical bath deposition technique and studied the
effects of deposition temperature (above room temperature (27°C)) on the properties of this material. We report
the chemical bath deposition of CuAlSe, thin films at variable temperature in an alkaline medium (pH = 8.86) at
deposition time of 24 hours. The deposition parameter was optimized to obtain good quality thin films. The
properties like absorbance, reflectance and transmittance with wavelength were analyzed under varying bath
temperature (50°C — 70°C). The film thicknesses of the samples were analyzed with respect to the various
deposition temperatures. The optical conductivities and the refractive index against photon energy were
determined. The band gap energy was determined from the influence of the deposition temperature.

1. Experimental Preparation Of Samples

All the reagents used for the deposition of CuAlSe, were analytical grade reagents and all the solutions
were prepared using pure laboratory distilled water. The chemicals compounds used were copper chloride
(CuCl,.2H,0),  Aluminum trisulphate  (Alx(SO4)s.14H,0), Sodium  Selenosulphate  (Na,SeS0,),
Ethylenediaminetetraacetic acid disodium Salt [Na,EDTA] (C1oH14N>Na,0g.H,O) and Ammonia Solution (NH;
Soln).

The Copper Chloride, Aluminum trisulphate and sodium selenosulphate acted as a source of copper,
Aluminum and selenium ions respectively. The Na,EDTA was used as a complexing agent to combine with
Cu®* and AP** to obtain Cu-EDTA and AI-EDTA complex solutions. NH; soln was used as a pH adjuster. The
presence of Na,EDTA was found to improve the lifetime of the deposition bath as well as the adhesion of the
deposited films on the commercial microscope glass substrates. Before deposition, the substrates were degreased
with HCI, followed by cleaned with distilled water and dried in open air. Deposition of CuAlSe, thin films were
carried out by using the following procedure:

Firstly, 5ml of CuCl,.2H,0 (0.1M) and 5ml of Al,(SO,4);.14H,0 (0.1M) solutions were complexed
with 5ml of Na,EDTA (0.1M), and stirred for several minutes to get clear and homogeneous solutions.
Thereafter, 5ml of Na,SeSO, and NH; solution (0.1M) were added under stirring conditions with respect to the
variation of their deposition temperature. The clean commercial microscope glasses were then placed vertically
inside the different beakers without disturbing them. The beakers were allowed to stand for 24 hours at alkaline
medium. After deposition, the substrates were removed from the beakers and cleaned with distilled water. The
deposited films were dried in an open air and subjected to further analyses.
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1. Characterization Of Thin Films
The optical characterization recorded the optical absorbance and transmittance carried out with the aid
of Jenway Software 6405UV-VIS spectrophotometer. The optical absorption measurement was carried out in
the wavelength range from 300 to 700nm using the UV-Vis spectrophotometer. The film-coated substrate was
placed across the sample radiation pathway while the uncoated substrate was put across the reference path.

V. Results And Discussion

Fig. 1 shows the optical thickness of CuAlSe, thin films in the wavelength region from 300 to 700 nm
at respective deposition temperature of 50°C, 65°C and 70°C. As seen, the film thicknesses increase as the bath
temperature increase.

Fig. 2 shows the optical absorption spectrum of the compound thin films, which shows high absorption
in the visible range of 420nm to 680nm indicating that these materials can be used for photovoltaic solar cell
applications. The graphs show the increasing order of absorbance of samples as 20, 19 and 16 which has
deposition temperature of 70°C, 65°C, and 50°C respectively. This shows that at minimum temperature of 50°C,
highest absorbance of visible radiation occurred.

The graph of transmittance versus wavelength in fig. 3 shows that it is only sample 16 has low
transmittance in general while others have high transmittance at UV region. Sample 19 has highest
transmittance. This shows that it can be used for thermal window glass coating.

In fig. 4, the reflectance at the wavelength range of 380nm to 480nm for all samples is high. It shows
that as the deposition temperature increases, the reflectance also increases. Sample 20 (70°C) has the highest
reflectance value.

Fig. 5 equally shows the plot of optical conductivities versus photon energy. The optical conductivities
of each sample increases linearly with the photon energy. Sample 16 (50°C) has the highest optical conductivity
while sample 20 (70°C) has the least optical conductivity. It shows that samples with highest optical band gap
energy will trap more energy from the sun. Therefore, it is expected to grow films below and at room
temperature to enhance their conductivities.

Also figure 6 shows the plot of refractive index versus photon energy and we were able to see that each
sample exhibited the same behavior at all photon energy levels. Sample 20 has highest refractive index value.
This behavior shows that the compound thin films can be used in coating glasses since they have high refractive
index values.

CuAlSe; being a direct band gap semiconductor, the absorption
coefficient in the region of strong absorption obeying the equation:
1 = A(hv- Eg)"/(hv)

Where [ is the absorption coefficient, h is the Planck constant, vis the radiation frequency, Eg4is the
band gap energy and A is a constant which depends on the nature of the radiation. The linear nature of the plot
indicates the existence of direct transition [4]. The band gap values found at variation of deposition temperature
within the range of values 2.00 to 2.14 eV as in figure 7a - ¢. The band gap energy decreases as the bath
temperature increases.
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Fig. 1: A graph of film thickness versus the deposition temperature
for samples 16, 19, and 20
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Fig. 2: Graphs of absorbance versus wavelength for samples 16, 19 and 20
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Fig. 3: Graphs of transmittance versus wavelength for samples 16, 19 and 20
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Fig. 4: Graphs of reflectance versus wavelength forsamples 16, 19 and 20
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Fig. 5: Graphs of optical conductivity versus photon energy for samples 16, 19 and 20
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Fig. 6: Graphs of refractive index versus photon energy for samples 16, 19 and 20
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Fig. 7a: Graph of absorption coefficient squared versus photon energy for sample 16 (50°C)
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Fig. 7b: Graph of absorption coefficient squared versus photon energy forsample 19 (65°C)
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Fig. 7c: Graph of absorption coefficient squared versus photon energy forsample 20 (70°C)

V. CONCLUSION
The films of CuAlSe, were successfully deposited using chemical deposition technique onto

commercial microscope glass substrates at variation of deposition temperature. The optical properties show that
films could be useful in photovoltaic solar cell applications and thermal window coatings. The influence of
deposition temperature in this research shows that: absorbance and optical conductivity increase as the
deposition temperature decrease, but increase in reflectance and film thicknesses bring about increase in bath
temperature. The energy band gap is in the range of 2.00 to 2.14 eV which shows that it is potentially useful for
blue light-emitting diodes. The band gap energy decreases as the deposition temperature increases. It does agree
with the fact that increase in temperature brings about decrease in difference between the conduction band
minimum and valence band maximum which is called the energy band gap.

[
[2]

(3]
(4]
[5]

(6]
(7]
(8]
(9]
[10]

[11]

References
Rafea M. A and Roushdy N, Preparation and Characterisation of CulnSe, — CuAlSe, CulnS, and ZnS Nanopowder by Mechanical
Alloying Technique, Journal of chalcogenide Letters, Vol. 5, No 10, 2008, 219 -227
Harada Y, Nakanishi H, and Chichibu S. F, Band gap energy bowing and residual strain in CuAl (S.Seix) chalcopyrite
semiconductor epilayers grown by low-pressure metal organic vapor phase epitaxy, Journal of applied physics vol. 91, No. 9, 2002,
5909 - 5914.
Shirakata S, Chichibu S, Miyake H. and Sugiyama K, Optical properties of CuGaSe, and CuAlSe; layers epitaxially grown on Cu
(Ing.04 Gag.g6) Se; substrates. Journal of applied physics Vol.87, No. 10, 2000, 7294 — 7302.
Kassim A, Wee T.T, Abdullah A. H, Nagalingam S, Ho Soon Min, eposition and characterization of CusSnS, thin films by chemical
bath deposition method, Macedonian journal of chemistry and chemical engineering, vol. 29, No. 1, 2010, 97 — 103.
Chichibu S, Shirakat S, Isomura S, Harada Y, Uchida M, Matsumoto S and Higuchi H, Photoluminescence studies in CuAlSe,
epilayers grown by low-pressure metalorganic chemical — vapor deposition, Journal of applied physics Vol. 77, No. 3, 1995, 1225 —
1231.
Prabahar S, Balasubranian V, Suryanarayanan N, and Muthukumarasamy N, Structural characterization of vacuum evaporation of
copper indium diselenide thin films. Journal of ovonic Research Vol. 6, No. 1, 2010, 45 - 50
Megali O, Bouraiou A, and Attaf N;, characterization of CulnSe;, thin films elaborated by electrochemical deposition, Revue des
Energies Renouvelable Vol. 11, No. 1, 2008, 19 — 24
Kassim A, Kuang Z., Sharif A, Haron M.J, Tee W.T and Ho Soon Min. , Effects of deposition potential on Cu,SnS, thin films
prepared by electrodeposition technique. The Arabian journal for science and Engineering vol. 35, No.1A, 2009, 83 — 91.
Antony A, Asha A. S., Yoosuf R; Manoj R., and Jayaraj M.K., Growth of CulnS; thin films by sulphurization of Cu-In alloys,
Journal of Solar energy material and solar cells vol. 81,2004, 407 — 417.
Lincot D; Mokili B, Badiali J.P, Mandin P., Close space chemical bath deposition (CSCBD); An avenue for improving both
fundamental understanding and manufacturability. Case example of cadmium sulfide, symposium, 2010
Alonso M.I, Pascual J., Garriga M, Kikuno Y., Yamamoto N., and Wakita K,Optical properties of CuAlSe,, Journal of applied
physics vol. 88, No. 4, 2000,1923 — 1927

www.iosrjournals.org 26 | Page



