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ABSTRACT

CdS and CulnsSthin films are deposited by spray pyrolysis tegaei CdS thin films are deposited from the
aqueous solution of cadmium chloride and thiourdéh YCd]/[S] ratio =1 on glass and ITO coated glassbstrates

at temperature of about 48D. Culn$ thin films are deposited on glass substrates @°@5rom the aqueous
solutions of copper chloride, indium chloride ahiburea with [Cu]/[In] ratio =1.1 and [Cu]/[In] ratio =1.25. The
ratio of [S]/[Cu] = 3.5 in both the cases. X-rayffilaction shows that the films are polycrystallimenature. The
grain size and strain in the films are calculateonfi XRD. Surface morphology of the deposited fitnmbserved by
SEM. Hot probe method is used to determine theuivity type of the films. Resistivity of the &lis determined
by van der Pauw method. Resistivity of all thedilmin the order of TBohm-cm. Thickness and refractive index of
the thin films is measured using an Ellipsometev-Ws analysis is carried out to measure the enegyay of the
films. The bandgap of 2.43eV and ~1.48eV is obtifoe CdS and CulnShin films, respectively. The CdS film
shows absorption coefficient)(of about 2 x 1bcm™ near the absorption edge. All the CdS films haaesparency

of about 70% in the wavelength range of 510nm -nB800The Culngfilms have absorption coefficient)(in the
order of 10 cn™ in the visible and red region of the absorptioectpa.

Keywords: Spray pyrolysis, CdS and Culpin films, Electronic, Optical properties.

INTRODUCTION

The Cadmium sulphide (CdS) is a compound II-VI sEmductor which is a leading material for heterojion
thin film solar cells. The wide band gap (2.42 eid stability of CdS has been made it a favorablar sell
window material along with absorber semiconductush as CdTe, and ternary I-IlI-VI semiconductarshsas
copper indium diselenide (Culnggcopper indium gallium diselenide (CulnGaSeCopper indium disulphide
(Culns) etc. The Copper indium disulphide has theordgicéthe highest conversion efficiency among the
chalcopyrite based solar cells due to its directdbgap of 1.55 eV and high absorption coefficid®¢m ) [1].
Various methods have been reported for the praparaf CdS and Culnhin films such as thermal evaporation,
chemical bath deposition, sputtering, electroddjmrsi chemical vapor deposition, close spaced madilon, co-
evaporation [2-10]. In this paper we report oudgtan CdS and CulnShin films deposited using homemade spray
deposition unit. The films obtained are uniform &ogeneous. The films have low resistivity in theer of 1G
Q-cm, which can be used for the fabrication of pkiotic devices [11].

MATERIALSAND METHODS
The schematic diagram of the spray depositionwaitused in this study is shown in the Fig.1. Cd8 titms are
obtained by spraying the solution containing 0.08\MCdClL and 0.05M of thiourea ((NHDLCS) with [Cd]/[S] ratio

=1 on glass and ITO coated glass substrates madutait a temperature of 400[12]. The substrates are first
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ultrasonically cleaned, rinsed with acetone folldviey a rinse with methanol and dried by flowing &ulnS thin
films are deposited by spraying the solution cante 0.1M of InC} CuCh, (NH,),CS with two different molar
ratios of [Cu] and [In], [Cu]/[In] ratio =1.1 andCl]/[In] ratio = 1.25, with molar ratio of [S]/[Cu} 3.5 in both the
cases on the glass substrates kept at temperdt85€°€ [13]. The spray rate is kept at 5ml/minute. Btrectural
properties of as grown thin films are characteribgdX-ray powder diffractometer (Bruker AXS D8 Adwe)
using Cu ki radiation { = 1.54178 A). Full width half maximum (FWHM) and Zalues of the peaks are used to
calculate the grain size and strain in the filmst:f&e morphology of these films is studied usiftSEM (Hitachi
SU6600). Conductivity type of the films is determinby hot probe method. Resistivity of the filmsrisasured by
van der Pauw method using Keithley 236 source mmeasnit. Thickness and refractive index of the §lmre
measured by an Ellipsometer (Holmarc opto mechatsprising DPSS laser (532 nm) beam. Optical ptmseare
obtained from UV-Vis (shimadzu 1800) absorption &ragismittance spectra of the films.
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Fig.1 Schematic diagram of the spray deposition unit
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Fig. 2 (@) XRD spectra of CdSthin film on glass
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3.1 Structural properties:

The structural properties of spray deposited CdS@minS thin films have been investigated by X-ray diffian
techniques using CukKradiation. Fig. 2(a), Fig. 2(b), and Fig. 2(c) sisathe X-ray diffraction pattern of CdS thin
films on glass, ITO coated glass, and Cuyltifh films on glass substrates, respectively.
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Fig. 2(b) XRD spectra of CdSthin film on ITO coated glass
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Fig.2(c) XRD spectra of CulnS, thin film on glass
rom the XRD pattern it is observed that the filnme polycrystalline in nature. CdS thin film showsxhgonal
structure and CulnShin film shows tetragonal chalcopyrite crystalisture [7, 14]. Prominent peaks are (002) and

(112) in CdS and CulnShin films, respectively. The crystallite sizeeistimated from FWHM of these peaks using
the Scherer’s formula [15].
kA

D=~
[ cosd
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Where, D is the crystallite sizk,is a constant taken to be 0.94 [18]s the full width at half maximum (FWHM)
and/ is the wave length of the x-rays. The obtainedngsize values are listed in the Table. 1. Straithe films are
calculated from FWHM of prominent peaks using thiation

_ Bcosd
4

The strain in the films is in the order of 1@nd is listed in the Table. 1. These values agod agreement with
the earlier reported values [17].

Table. 1 Grain sizeand strain in the CdS and CulnS; thin films

Sample Grain size (D) nmh  Straig) k 10°
CdS on glass 33.5 4.55
CdS on ITO coated glass  22.36 6.8
Culn$ on glass 22.59 6.73

3.2 Surface mor phology:
Fig. 3(a) and 3(b) shows the SEM images of surtddbe CdS thin films on glass substrates. Thevtfioof the
films is found to be uniform, dense and well codet® the glass substrate.

5.0kV 20.3mm x25.0k SE

Fig. 3(a) SEM images of CdSthin film of thickness 249 nm
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5.0kV 20.4mm x30.0k SE

Fig. 3(b) SEM images of CdS thin film of thickness 260 nm

Fig. 4(a), 4(b), 4(c) and 4(d) show the SEM imagk€ulnS thin films with different precursor molar ratiordm
these images it is observed that the films areeamsl uniform. It is interesting to see that theaie regions of
Culn$ thin films grown with molar ratio of [Cu]/[In] =1. and [S]/[Cu] = 3.5 shows the formation of rodelik
nanostructures, shown in Fig. 4(b) and 4(c). Furtherk is underway in optimisation of the growth tfe
nanostructures of Cula8y spray pyrolysis.

. .

5.0kV 20.3mm x20.0k SE

Fig. 4(a) SEM image of CulnS; thin film with [Cu] /[In] ratio =1.1
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5.0kV 20.2mm x9.00k SE

5.0kV 20.1mm x20.0k SE

Fig. 4(c) SEM image of CulnS; thin film with [Cu] / [In] ratio =1.1
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Fig. 4(d) SEM image of CulnS; thin film with [Cu] / [In] ratio =1.25

3.3 Optical properties:

Refractive index and thickness of the films areaot#d using an Ellipsometer. Thickness of the filsni: the range
of 240nm to 275nm. Refractive index decreases Withease in thickness of the film. We obtained aerage
refractive index of 2.6 and 2.7 for CdS and Cuyltif films, respectively.
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Fig. 5(a) Absorbance spectra of CdSon glassand CdSon I TO coated glass
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Fig. 5(b) Absorbance spectra of CulnS, with [Cu] /[In] =1.1 and [Cu] /[In] =1.25
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Fig. 6(@) hv Vs. (ahv)? graph of CdSon glassand I TO coated glass
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Fig. 6 (b) hv Vs. (ahv)? graph of CulnS, with [Cu] /[In] =1.1 and [Cu] /[In] =1.25
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Fig. 7 Transmittance spectra of CdSon glass, ITO coated glass

The optical absorbance spectra of CdS thin filmglass, ITO coated glass and Cunlsin films on glass with
different precursor molar ratio are shown in Fip)sand 5(b).The optical band gap can be estimayedgsing the

relation [15]

ahv =A (ho - E)"

Where E is the band gap of the thin film material, A ic@nstanty is transition frequency and the exponent n

characterizes the nature of band transition, nferidirect band gap semiconductor material. Thelgitaetween b

vs. (@hv)? plotted and shown in Fig 6(a) and 6(b). The exttatimm of linear region of the graph to

ahg)?=0

axis gives the value of energy band gap of thin fihaterials. The energy gap and absorption coeffiaf the films
are given in the Table 2. CdS films have transpgrameater than 70% in the wavelength range 50@n800nm,
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shown in Fig. 7. These transparency values of ithes fare ideal for solar cell window materials [1Blence these
films can be used for fabrication of CdS/Cuih8terojunction solar cells.

Table.2 Energy gap and absor ption coefficient values of CdS and Culn$S; thin films

sample Energy gap (eM) Absorption coefficient { a®i%)
CdS on glass 2.43 1.7

CdS on ITO coated glass 2.453 4.7

CulnS with [Cu] /[In] =1.1 | 1.482 1.65

CulnS with [Cu] /[In] =1.25 | 1.494 2.41

3.4 Electrical properties:

Conductivity type of the films is determined usihgt probe method. All the CdS thin films show npey
conductivity and Culngthin films show p-type conductivity. P-type contuity of CulnS; thin films indicates that
these films are of copper rich [19]. Therefore \a@ ase these p-Culpgin films as absorber layer with CdS as n-
type window layer in n-CdS/p-Cula®eterojunction solar cells. Sheet resistivitytwd films is measured using van
der Pauw method. The obtained values are givemeim able. 3. These values are in agreed with tHeegeported
values [11, 20].

Table. 3 Thicknessand resistivity values of CdS and CulnS,; thin films

sample Energy gap (eM) Absorption coefficient { &%)
CdS on glass 2.43 1.7

CdS on ITO coated glass 2.486 4.7

CulnS with [Cu] / [In] =1.1 1.484 1.65

CulnS with [Cu] /[In] =1.25| 1.50 2.58

Resistivity of the films decreases with increas¢heffilm thickness in both CdS and CujrtBin films.
CONCLUSION

Thin films of CdS and CulnSare obtained by chemical spray deposition methblde grown films are
polycrystalline in nature. Surface morphology isdéd from FESEM. Energy gap and absorption cdefiicof the
films are obtained from UV-Vis spectral analysifieTenergy gap value is obtained as 2.43eV and \L.#8eCdS
and Culn$ thin films, respectively. CulnShas absorption coefficient in the order of t@i* and CdS thin films
has transmittance greater than 70% in the visiigon of the solar spectrum. Conductivity type &émel resistivity
values of the films meet the requirements of patfion solar cell materials.
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