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ABSTRACT

Thin films were prepared on a well cleaned gladsstate by economically simple chemical bath dejmrs{CBD)
technique at 70 +%. In this paper, reports that the most importa@msconductors materials from Il — IV groups
cadmium sulfide (CdS) thin films doped with diffém@aterials at same concentration. Copper (Cwahum (Al),
silver (Ag) and zinc (Zn) are the selected dopeatenmls. This paper presents the analysis of $tmad, optical
and surface properties of the doped CdS thin fitms<-ray diffractometer (XRD), UV-Vis-NIR spectrofgmeter
and scanning electron microscope (SEM) respectivlRD studies showed all the doped CdS thin filrigbés
amorphous in nature. Optical spectra of CdS thimgi exhibit high transmittance in the visible ragiand high
absorbance near Ultra-Violet (UV) range and surfareoothness is improved. Possible applicationdhefdoped
CdS thin films are also discussed.
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INTRODUCTION

The chemical bath deposition method is an econdinisinple method for the preparation of thin filregitable for
scientific studies and for many applications irhtemlogy and industry [1-5].

Nowadays, Il — IV group semiconductor thin filmsvkeaattracted considerable attention from the resear
community because of their wide range of applicafio the fabrication of solar cells and other opleetronic
devices. Especially nanostructure based CdS mistéigae attracted importance due to its largestrélsice value,
with a wide direct bandgap of 2.42 eV at room terapee. Here, the detailed analysis of CdS dopék aifferent
materials like, Cu, Al, Ag and Zn are preparedhiis films onto a well cleaned glass substrate bypGBethod. The
fabricated films structural, optical and surfaceparties are analyzed.

MATERIALSAND METHODS

2.Experimental works

2.1 Synthesis of precursor materials

Aqueous solutions of ammonium hydroxide (15 mL) aémethanolamine (TEA) (15 mL) were added to 0.
cadmium precursor dissolved in 25 mL of distilledtar and this aqueous solution bath temperatungaistained
under 75C.

2.2Synthesis of dopent precursor materials

Aqueous solutions of ammonium hydroxide (15 mL) arethanolamine (TEA) (15 mL) were added to dopent
materials (Cu, Al, Ag and Zn) aqueous solutions added under the same conditions as mentioned adoye
ammonia solution was added to control the pH valfighe solutions. 30 mL of synthesized suspensias w
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introduced into another 50 mL glass beaker ancesticontinually.

2.3Sulfulrization

0.5 N of sulfide precursor was dissolved into 15 oflLdistilled water and this aqueous solution wddesl to
suspension of synthesized as mentioned above.wéilms were synthesized after continuous stirriSgibstrate
was immerged into the suspension and samples wesedrin running water and analyzed.

The experimental steps are given below [6].

« Cadmium + TEA + NFOH — [CA(TEA)]"" + [Cd(NH),]™

¢ (NH,),CS +20H — S"+ CH;N, + 2H,0

s [CA(TEA)]™ + [CA(NHy)|™ — Cd™* + 4NH

a.Cd"+S + Cd* — CuCdS particles

b.Cd"+ S+ AI™ — AICdS particles

c.Cd"+S "+ A" — AgCdS particles

d.Cd"+ S+ zd" —  ZnCdS particles

The samples are characterized by XRD, UV-Vis-NId &&EM studies.

2.4 Characterization
The crystallite properties of the doped films wereasured by using XRD. Absorbance, transmittana an
reflectance spectrum of the films were calculated éunction of incident photon wavelength at ndrimeidence at

room temperature using a UV-Vis-NIR spectrophot@neind the surface morphology was carried out uSial!
attached to it.

RESULTSAND DISCUSSION

3.1Sructural analysis
The X-ray diffraction pattern of doped (Cu, Al, &Agd Zn) CdS thin films are shown in the Fig.1. Faha figure,
there is no sharp peaks which indicate the sangpie amorphous nature.
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Fig. 1. XRD patternsof doped CdSfilms, Black, red, green and bluelines are representing Cu, Al, Ag and Zn doped CdSthin films
respectively.

3.20ptical analysis

Absorption and transmittance spectrum of thin filmshe wavelength range 200 - 1000 nm are showherigs. 2
(a & b).The absorbance near infrared domain (30Pismery low with high transmittance at the samgions. Cu
and Zn doped CdS films are having increasing trattesnce value when compared with other samplebervisible
region and also all the samples are having inangasansmittance value in the wavelength range fioture to red
region. Fig. 2(a) shows that the absorbance edigeblue shifted with respect to the bulk CdS iatliig quantum
confinement effect in nanoparticles [7]. High tramiitance (~ 60 — 90 %) and low absorbance neaared region
(=500 — 1000 nm), thus making the film suitable dptoelectronic devices for instance window layersolar cells

[8].
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Fig. 2(a). Absor ption spectrum of CdS filmsin the wavelength range 200 - 1000 nm. Black, red, green and bluelines arerepresenting Cu,
Al, Ag and Zn doped CdSthin films respectively.

80
go- >
E -
=
3
]
£
= F Cu doped CdS
20+ / —— Al doped CdS
——— Ag doped CdS
Zn doped CdS
0 T T T 1
200 400 600 800 1000
Wavelength (nm)

Fig. 2(b). Transmittance spectrum of CdSfilmsin the wavelength range 200 - 1000 nm. Black, red, green and blue lines arerepresenting
Cu, Al, Ag and Zn doped CdSthin films respectively.

3.3Reflectance
Reflectance (R) of thin films was calculated frdm £quation [9].

R:l— ~T

expl—at)
where T is the transmittance amdk the absorption coefficient

Fig. 3. Show that the reflectance spectrum for dqj&u, Al, Ag and Zn) CdS thin films. It is obsedvthat the Cu
and Zn doped CdS thin films exhibit very leasteefince for almost negative value comparing akkoamples.
From the Fig. 2(b) & 3, films exhibit highly trangitance value from 60 to 90 % and almost negatéfectance
value. This property makes these films a good caidias a transparent window layer in solar c&0$. [
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Fig. 3. Reflectance spectrum of CdSfilmsin the wavelength range 300 - 1000 nm. Black, red, green and bluelines arerepresenting Cu,
Al, Ag and Zn doped CdSthin films respectively.

3.4Surface analysis

Fig. 4(a, b ¢ & d) shows that the surface morphplofyCu, Al, Ag and Zn doped CdS thin films as deped by
chemical bath deposition method at the bath tenperanaintained at 70 £6. Surface morphological studies of
the Cu, Al, Ag and Zn doped CdS films have beemi@@mout using scanning electron micrographs. Coispa of
the SEM images clearly shows that the thin films aniformly distributed grains over the entire agd of the
substance.

The Cu, Ag, Zn and Al doped films indicate the aad smoothness of the films are increased as daped
respectively and the average grains sizes are ftubé in nanometer range from 153 to 308 nm. Deiog upon
the dopent materials the grain sizes are improVed. grain sizes for Cu, Al, Zn and Ag are 153 niy 2m, 285
nm and 308 nm respectively.

Fig. 4(a). SEM microscopes | mage for Cu:CdSthin films.
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Fig. 4(d). SEM microscopes Imagefor Zn:CdS thin films.
CONCLUSION

Cu, Al, Ag and Zn doped CdS thin films are sucadbsfdeposited on a glass substrate by CBD teckmnidine
structural, optical and surface smoothness pragedi the films were investigated.
¢ All doped CdS thin films exhibits amorphous in rmatu
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e Cu and Zn doped CdS films are having highest tritesnce and almost negative reflectance value, when
compared with other samples in visible region.

» Films surface smoothness and grain sizes were wedrand the grain size of the doped CdS films &2nfn,
227nm, 285nm and 308nm for Cu, Al, Zn and Ag dopespectively.

* This property makes these films a good candidateteensparent window layer in solar cells.
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