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ABSTRACT

CuAl Se; films have been prepared by chemical bath technique on microscopic glass slide from an aqueous solution bath
containing CuCl,.2H,0, AlICl3.6H20 and Sodium selonosulfate in which EDTA was used as complexing agent. The bath
temperature was varied in the range 313-353K and it seems to be one of the most important parameters affecting the
properties of the films. The films deposited at 313K -353K were polycrystalline. The x-ray diffraction analysis showed the
CuAl Se; samples with chal copyrite structure and preferred orientation along (111) plane .The influence of bath temperature
on CuAl Se; film was investigated and the optical analysis revealed an increase in absorbance with increasing bath
temperature. The band gap energy was increased from 2.2 eV to 2.5eV as the bath temperature was increased from 313K to
354K. The optical properties were found to be dependent on bath temperature.
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1.INTRODUCTION

Extensive research has been carried out recently to grow various kindsaoy s¥miconductor thin films because of their
potential application in the area of solar cells, optoelectronic devicescphdtators sensor and infra red detectimvices.
Ternary compounds had been studied for efficient solar energy converatenals [1]. Ternary semiconductor
chalcopyrites are being studied intensively due to their application inlegtt@@ic devices and solar cely. CuAlSe
belongs to chalcopyrite family.

Few researchers have worked previousiCorlSe thin films using different preparation processes. Pulse electro
deposition technique was usley [3] to synthesize CuAlSdilms on TCO substratéd two stage process:leeam
evaporation of Cu and thermal evaporation of Al in a vacuum chamber have beby [Bdd depositCuAlSe thin films.
However, no references have been found on the synthesis of GoAlg§kss substrate by chemical badéiposition.

In the present work, CuAlg¢hin film was synthesized on glass substrate by using chemical batsitétap (CBD)
techniqueCBD is a simple and low cost technique which has been used to grow seraglsemiconductorf3]. Ternary
compounds of CuAlSghin films were prepared fromn aqueous solution containing Ca@IClszandfreshly refluxed
NaSeSQ at constant pHThe ethylenediamine tetreacetate (EDTA) was used as a complexiggnt. The influence of bath
temperature on the chemical bath depoditats wasinvestigated.

2. MATERIALS AND METHODS .

The deposition of CuAlSghin films on glass slides was carried out using chemicaldebsition techniqudvicroscopic
glass slides were used as the substrate during the deposition proicesserh previously degreased in trioxonitrate (v)
acid HNOg) for 48hours, cleaned in water with detergent, rinsed in distilled wwatédried in air. ThelNOs treatment
caused the oxidation of the halide ions in glass slides thereby intrgduaictional groups called nucleation and epitaxial
centres for the growth of the films hence yielding higidesive and uniformly deposited films. The reaction batthéor
depaition of CuAlSe contained3ml of 1.0M CuCh.2H,O, 3ml of0.5M AICI3.6H,0, 1ml of0.1M EDTA, 2ml of freshly
refluxed NaSeSQ, (0.5M), 3ml of 14M ammoniaand 48nl of distilled water which were addedtimat order and allowed for
1 hour depositiotime. The pH after the mixtures were thoroughly stirred came to Be2sélenide source, sodium
selenosulfate was prepared in our laborabyryefuxing 100ml of 1M sodium sulphitgnd 4g of selenium powder for about
2 hours in a vessel which is connected to a Lieberg condenser such that thegiagroout are cooled back to liquid and
fall back into the reaction vessel. The vessel vigsrouslyheatedto thermally accelerate the reaction to the solvent’s
boiling point. During depositioprocesscations and anions which are present in the solution react with eaclmdher
became neutral atoms, which either precipitate spontaneouslyysleety in the bath. Fast precipitation, implies thanthi
films cannot fornon the substrate immersed in the solution. But if the reaction is wloieh the complexing agent like
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EDTA, TEA could achievethen thinsolid films of neutral atoms could form on the substrate. EDTA was thlexing
agent used in this work to slow dowuhe precipitation action and enables the formation of CuAilges. The step wise
reactions involved in the complex formation and film deposition procéss€sAlSe are:

CuCh.2H;0 + EDTA© [Cu(EDTA)?* +2CL"
[CU(EDTA)]>* < Cw* + EDTA
AICl3.6H,O EDTA & [AI(EDTA)]® +3CI”
[AEDTA)3+ o AI®* +EDTA
NaSeSQ + OH™ & NaSQOQ,+HSe™ + HO
HSe™ + OH™ o H.O+Sé&
Cl* + A" +Sé& o CuAlSe

Selenide ions are releaséy thehydrolysis of sodium selenosulatie but C&* and AF* ions form complex ions by
combining with EDTA in pH of 8.2. The [CEEDTA)]?* and AI(EDTA)F* complexes asbrb on the glass, then
heterogeneousucleation and growth takglace by ionic exchange of reaction 8f $ons. This process is known ias-by-
ion process and this is how CuAlSi#m was deposited on glass substrate.

3. Characterization

Thedepositedilms were characterizedsing an Xray MD -10.3 mini diffractometer with CuKa radiation wavelength of
1.5406A. Tt determines the number of peaks(s), angle, counts;dpace and relative intensity of the diffraction pettkdoes
this with the help of software data base supplied by the InternationakQ¢é Diffraction Data (ICDD)An Olympus BH2
UMA microscope afl00 x magnificationsvas used to examine and prodpt@tamicrographs of the samples. The optical
absorption spectra were obtained in the wavelength range dfi®hm byusinga Janway 6405 UWIS model of the
spectrophotometer. The optigabperties investigated were absorbancetearmsmittance which wengsedto calculate other
optical propertiesThese optical propertiendband gap of the films were obtained from equations given in literg&lre
while the optical thicknesses were calculated by optical me{bdds

4. RESULTS AND DISCUSSIONS

4.1 Structural analysis:

Thestructure and identification of phases is studied with the help ofray Miffractometensing CuKa radiation (A =
1.54®mA). Figure 2 showthe xray diffraction pattersof CuAlSe films prepared at bath temperatugd8K, 333K and
353K respectivelyThe formation opolycrystallineternary compoun@uAlSe films with chalcopyrite sucture and
preferential orientation along the (111) are obtained in all cé#esn thebathtemperaure is increased to 333K (60°) and
353K (80°), the number of peaks and thimtensityalsoincreasedTheaveiage crystallite size in the (1)Lfilanedirection
has been estimatéd be 9.5nnmaccording to the Scherreformula[6] :
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where D is the crystallite size in nm,is the X-ray wavelength in nmj the diffraction angle ang the FullWidth at Half
Maximum (FWHM) of the diffractiorpeak The peak list details of XRD patterns of CuAlSen samplesprepared at
different bath temperatures are shown in table 1
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Fig 1 X-ray diffraction patterns of CuAlSezfilms deposited at varyingbath temperatures of 313K, 333K and 353K

Table 1:
. Crystal
No of Peaks 20° hkl D-spacing(A) Rel. Intensity | FWHM (%) | size (nm)
2 22.3 110 3.99 90 1.0 9.21
30.0 111 2.96 93 1.0 9.35
3 21.5 110 4.13 90 0.5 21.3
30.0 111 2.96 93 1.0 9.35
50.1 220 1.82 92 1.0 9.95
4 21.7 110 4.09 54 0.5 21.33
28.0 112 3.10 o4 1.0 10.24
30.0 111 2.96 93 1.0 9.35
50.1 220 1.82 92 0.5 21.3

From the table the strongest peaktf@deposited CuAlSefilms occurred at 26 = 30° with d-spacing= 2.96 A. Tt indicates
that the preferred orientation lies aloid 1) direction.Average crystallite sizes 828nm,13.53nm and 15.33nm
respectively were obtainddr films grown at temperatures 34 3333K and 353KThis shows that therystallite size is
directly dependent upahe bath temperature.

4.2 Surface morphology:

Surfacemorphology of CBD CuAlSgfilms on glass substrates differentbathtemperaturesias studiedA systematic
analysis was carried out at x100 magnificatismgOlumpus opticamicroscope.lmageJ for microscopy image Analysis



[7] software was used to analyse and determine the average particle size of tfreritte micrograph images of figure 2.
The average patrticle size§5.7, 9.5 and 4.3 nm were obtainedffoims grown at 313k, 333K and 353K respectively. Also,
close obsemtiorsreveal m clear particular morphology on the surfaces of CuAfifa prepared at 313K. But some traces
of buckled particles are evident. This may be associated with impropengdesition of precursts salts.Thebath
temperaturdilm prepared aB33K has nanograins packed closely to each other indicating good adhesamhessform
deposition over the substrate. Also, large coarse aggregates of @wdl8amissing. This indicates that the precursor is
completelydecomposed to form crystallifiégm. The particle size is found to be 9.5nm which is comparable with thitneof
calculated value from XRBtudies Films deposited at 33K show well defined grains randomly oriented on the substrate.
Each grain shows the coalescence of nanometer sized crystallites. The surfacprekence of voids. This indicates that
the film is not well adherent and uniformly coated on the substrate.

Fig.2 Micrograph images of CuAlSe films grown at temperatures 313K, 333K and 353K.
4.3 Optical Absorbance and Transmittance Studies.

The optical properties of CuAlgEims were studied using UVis-Nir spectrophotometer in the waveldhgange of 340
1100nm. Fig 3hows the variationf opticalabsorbance of the CuAlsthin films as a function dbath temperatur&he
spectra clearly indicate that lower wavelengths correspond to maximunptadrsaompared to higher wavelengtfihis
makes the film a good window layer for solar cell applicafidre absorbance of the films produced in the visible region
indicates the podsility of these materials beingsed in the photoelectrochemical cellke figure shows that thereas
increase irthe opticalabsorptiorwith increasing bath temperature which is caused by the free carrrieptadrsor
corresponding to the increase in the conduc{®]tyAlso, the increase in absorbaneith bath temperature may be due to
the enhancement inti thickness. Generally, thicker films have more atoms presené lmore states are available foe
photon energy to be absorbed [9 anyil 10
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Fig 3 Absorbancespectraof CuAlSe: thin films. Fig 4 Transmittance spectraof CuAlSe: thin films.



Fig 4 reveals thepectratransmittance of CuAlSdilms obtained atemperature 313K, 333K and 354Khe maximum
transmittance was observatlVIS-NIR regions.The high transparency in the VEdNIR regions is a consequencetié

wide band gap of the filffl1]. Also, there are no appropriate electronic transitions possible so tssiemis very high in
these regionsThe decrease in percentage transmittance with increasintebgtbrature may be due to the crystallization of
the films. This is consistent with theray diffraction study in figure 1. In addition, the decrease in traremeiét may be due

to the increase in film thickness with bath temperature, which ledidghtscattering losses. As the film thickness increases,
the grain size also increaseses, which in turns results in increaséatesoughness of the filmBhus the optical
transmittance of CuAlSdilms decreasewith increasing bath temperatu@imilar results was reported h42].

Figure5 shows the (ahv)? versus hv plots of CuAlSez thin films deposited fobath temperatures of 313K (40°), 333K (60°)

and 353K (80°). It is clear from the graph that, in the visible region there isignificant change in the band edge by
increasing the battemperature from 60°— 80° This implies that the basic crystal structure is not changedThe linearity of
the plots indicates that the material is of direct bgapl. The increase irbath temperature varigke energy band gap from
2.2eV to 2.5eV. These values closely agree with @\4and 2.5eV reported by [2 and]12.52.75 eV reported by[13]
respectively The film deposited atargertemperature has highband energy while the film depositediaiv temperature
indicates lowerband energy value. Thimcrease in the band gap with increasing bath temperaamebe viewed as
increasing the energy of the electrons in the matefiaks resulishowed that there is a shiftband gap towashigh energy
which may be due to transformation to crystalline phase taking place atdpgkitiontemperatures. In general, the increase
in bathtemperatures leam the decrease in disorder and defect density in the structure nghidtsto increase in the optical
band gap. The band gap values exhibited by the films are ideal dtwvphtaic application. Thus, this suggests that the

optimized bathtemperatures are ideal for obtaining good chalcopyrite GaiAlBe optical band gap was found to depend
uponbathtemperature.
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Fig 5 Plot of (ahv)? versus v of CuAlSe: film deposited at varyingbath temperatures

Table 1 Optical band gap values o€uAlSe: thin films deposited atdifferent bath temperatures

Bath temperature (K ) | Band gaps, EB(eV) Thickness(nm)

313 2.20 1.05 x 1077

333 2.40 2.04 X 1077

353 2.50 2.10 x 1077




CONCLUSION

The structural and optical properties of CuAlfiens, deposited at different bath temperatures were investigated. XRD
strong peaks were observed for films of higher bath temperaturesedofpeaks and theintensitiesincreaseds the
temperatue increases. Optical band gap increases with the increase téigatrature. .
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