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ABSTRACT

CulnS; Semiconductor Films have been produced by the Spray Pyrolysis method on to the glass substrate by using
different molarity solutions. Optical Characteristics of the CulnS, Films have been analysed using
Foectrophotometer in the wavelength range 380-1000 nm. The optical band gap energy has been obtained from the
plot of (zhv)? Vs hu. The absorption spectra of the Films Showed that this Compound is a direct band gap material
and gap values varied between 1.51-1.80 ev, depending on the molarity solutions. The X-rays diffraction (XRD)
spectra of the films have shown that the films produced are polycrystalline and chal copyrite in structure.
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INTRODUCTION

The development of contemporary, sophisticatedrneldyies which increase the quality of human |geciosely
related to the Semiconducting materials. The seiear@ technology of Semiconducting thin films hav€rucial
role in high tech industry. Thin Film of Semiconting materials are applicable in the field of miglextronic,
Optical electronic, in Communication technolog&s well as in energy generation and Conservati@iesgfies, etc.
[1] CulnS is one of the I-llI-V} type semiconductor which crystallizes in the cbpigite or sphalerite
structure.[2] It has direct band gap of 1.3-1.5 high absorption coefficient (20cm*).[3] An environment
viewpoint, Culn$ does not contain any toxic Constitutents that reaktesuitable for terrestrial photovoltaic
applications.[4]

A variety of techniques have been applied to dep@silnS thin films, such as single source evaporation,
coevaporation from elemental sources, sulfurisatbmetallic precursors. [5] diffusion of Cu andif@o InxS
Precursor, electrode deposition and spray pyrolgsi$-8] Spray Pyrolysis is an attractive method large area
thin films production because it is a low-cost @ady to make process [8-10]

Several methods are reported for the preparatio@wWhS thin film such as electrodeposition,[11], Pulseotas
deposition[12], Physical vapor deposition[13], uamcevaporation[14], close space sublimation[15]t &uthese

methods have sophisticated requirement in othpreoise temperature control, high pressure etddBgsll above

methods Spray pyrolysis techniques simple, converind cheaper.

In this study, preparation techniques as well &sdptical properties of CulnF-ilms have been investigated by
using different molarity solutions
MATERIALSAND METHODS

All reagents used are of analytical purity, Cu@H,O, InCk and CS(NH) which are purchased from LOBA

chemical, Nagpur. Chemical Spray Pyrolysis methad used for the preparation of Cujnilsin Films.
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Experimental Procedure:

CulnS Films have been produced by spraying the aquenlusian of 0.01 M, 0.025 M and 0.05 M of CuyCl
2H,0, InCk and CS (NH) , in a 1:1:2 (by volume) on the glass substrateusissate temperature 3D The
substrate temperature was maintained to withif’c. Deionised water was used for preparing the iswlst

Spray pyrolysis is basically a chemical procesat th the spraying of the solution onto a substreiel at high
temperature, where the solution reacts forming desired film [16-25] The Spray rate was measuredaby
flowmeter. The flow rate of the solution during aping was adjusted to be about 2.5 mifand Kept constant
through the experiment. The normalized distancevden the spray nozzle and substrate is 29 Cm. érhpdrature
of the substrate was controlled by an iron-Consatatiiermocouple.

The thickness of the films was determined usingwbeghing method. Crystal structure was investdaity means
of a X-ray diffraction (XRD) and scanning electnmicroscopy (SEM).

RESULTSAND DISCUSSION

3.1 Optical Properties

3.1.1 Transmittance M easur ements :

The optical band gap of the has been determined fhe transmittance (T) Vs. wavelengh) plot shown in fig.
2a,2b & 2c. The fundamental absorption which cqoesls to electron excitation from the valence btmdhe
conduction band, can be used to determine thegahd value of the optical band gap.

3.1.2 Absorption Coefficient :
The absorption coefficients of the films have been calculated from the expentally measured values of Aand T
according to the following relation.

T=(1-RY exp(-A) = (1-R} exp (at) --------- (1)

Where R is the reflectance, T the transmittancéhefabsorbance
And t the film thickness [26-29]

The optical absorption coefficientis determined using the relation
A = (2.303/t) [log (1/T)] ------------ 2)

Where t is the thickness of the films and T is thensmittance [30-32] We have calculated the aiigmor
coefficient for Culn$ Films having thickness values that varied betw@&®57 pm, 0.4968um and 0.5032 pm.
Absortption coefficient spectra verses the wavelelage presented in figure 4a, 4b & 4c.

3.1.3 Determination of the gap energy :
The optical band gap Eg, for the as deposited wel®ilated on the basis of the fundamental absorptsing the
well-known relation

(«hv)Y" = constant (b-Eg)---------- (3)

Where v is the incident photon energy,is absorption coefficient, and the exponent n ddpeon the type of
transition. n=1/2, 2, 3/2, and 3 corresponding ltonaed direct, allowed indirect, forbidden direatcaforbidden
indirect transitions respectively [33-34].

Optical absorption studies of the Cujrfins have been carried out in the wavelength ealpgtween 380-1000 nm
and are shown in figuresla, 1b and 1c. The valt#seoenergy band gap can be eastimated from ttrepsiation
to zero absorption in theitfu)? versus b plots which are shown. This compound is a direstcbgap material with
values of 1.65ev, 1.57 ev and 1.50 ev with thickrtes 0.4057pum, t=0.4968 pm and t=0.5032 um. énpitesent
study, the decrease of optical band gap couldthibuted to the presence of unsaturated defectihwhcrease the
density of localized states in the band gap andegquently decrease the optical energy gap. [31]
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Fig. 1 (a) Absorption Spectra (A) of CulnS, Thin Film , t = 0.4057um
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Fig. 1 (b) Absorption Spectra (A) of CulnS, Thin Film , t = 0.4968 um
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Fig. 1 (c) Absorption Spectra (A) of CulnS, Thin Film, t =0.5032 pm
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Fig. 2 (a) Optical transmission (% T) of CulnS2 Thin Film, t = 0.4057 um
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Fig. 2 (b) Optical transmission (% T) of CulnS2 Thin Film, t = 0.4968 um
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Fig. 2 (c) Optical transmission (% T) of CulnS2 Thin Film, t = 0.5032 pm
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Fig 3 (a) Plot of (ahv)? Vs Photon Energy (hv), t = 0.4057 pum
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Fig 3 (b) Plot of (ahv) ? Vs Photon Energy (hv), t = 0.4968 pm
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Fig 3 (c) Plot of (ahv)? Vs Photon Energy (hu), t = 0.5032 pm
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Fig 4 (a) Plot of Absorption (a) VsWavelength (A), t = 0.4057 um
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Fig 4 (b) Plot of Absorption (a) VsWavelength (A), t = 0.4968 um
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Fig 4 (c) Plot of Absorption (a) VsWavelength (A), t =0.5032 um

Structural Properties
The XRD pattern of CulnS2 thin film was recordedha®hilips X-ray Diffractometer.

X-ray diffraction of CulnS2 by spray pyrolysis methreveals that the film was polycrystalline inurat X-rays
reveals that the structure closely related to dmfdte structure [35]
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Fig 5: The X-ray diffraction pattern of as-deposited CulnS, on glass substrate at 300°C temperature.

Fig. 6 : Scanning Electron Microscopy of as-deposited CulnS, on glass substrate at 300°C temperature.
CONCLUSION

Films of Culn$ onto glass substrate with different molarity siolos, have been prepared using a spray pyrolysis
method. The optical studies reveal that these fhians a direct band gap and the band gap energgsviaom 1.50

ev- 1.65 ev with different molarity solutions. # observed that the band gap decreases with thease of the
molarity solutions. The determined optical paramegge in good agreement with previously reporesiilts on
similar films. In conclusion, spray Pyrolysis methior the production of thin solid films is a gootethod for the
preparation of thin films suitable for scientifimidies and for many applications in technology emldistry.
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