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ABSTRACT

Copper Indium Disulphide (CulnS;) is an efficient absorber material for photovoltaic and solar
cell applications. In this paper Zn (0.02, 0.03M) doped CulnS,; thin films are (Cu/ln=1.25)
deposited on to glass substrates in the temperature range 300-400°C. The EDAX results confirm
the presence of Cu, In, Sand Zn in the films. SEM photographs reveal crystalline nature of the
films at various temperature ranges. Well defined, broad Blue and Green band emissions are
exhibited by Zn-doped CulnS; thin films which show better crystallinity of the deposited films. All
the films present low resistivity (p) values and exhibit semiconducting nature. Hence, Zn species
can be used as a donor and acceptor impurity in CulnS; thin films to fabricate efficient solar
cells, photovoltaic devices and good IR Transmitters.
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INTRODUCTION

Chalcopyrite semiconductors Cuin8&ndCulnSe are currently investigated for applicatiin
photovoltaic, solar cells [1] and LED Devices [2]These applications are based on a p-n
junction. Controlled doping of dopants on theseemals appears desirable, where the aimed
free carrier concentrations are in the range df-10'® cm®.Among the ternary compound
semiconductors Culn3as the potential for high conversion efficienexe do its direct band gap
of 1.5eV [3], which very well match with the solgpectrum and its high absorption coefficient
approximately 1&m™ [4]. No toxic component is included in this compdwsemiconductor. For
controlling a conduction type and obtaining lowisgsity, several impurities doped Culpngin
films have been studied.But, the open circuit \gitaf solar cell based Culpin films can be
improved by controlled doping of small amounts of [5]. Hence, this paper presents the
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elemental compositions, Surface structural, photolescence and electrical properties of Zn-
doped Culngthin films prepared by spray pyrolysis.

MATERIALS AND METHODS

Zn-doped Culngthin films are deposited by spray pyrolysis omglass substrates from aqueous
solutions of CuGl InCl;, SC(NH), and ZnC} using compressed air as the carrier gas. At first,
agueous solutions (0.1M) of the salts are prepaaed,then they are mixed with appropriate
portions in order to have copper to indium moldioréCu/In = 1.25) and (Cu + In)/S fixed to 1
in the solution. The copper (ll) chloride and indilll) chloride are mixed and then thiourea
solution is added. The resulting solution is dopeth Zinc chloride (ZnC) of (0.01M). The
solutions are prepared by dissolving in de-ionizeater. Then the solution is sprayed using
spray rates of 2ml/min in air on to glass subs&rg#e5x2.5crf) heated at different temperatures
from 300 to 408 C. The surface morphology of the film is investeghusing a Jeol, JSM-6390,
JM-Spot size 35. The compositional analysis isiedriout using energy dispersive X-ray
spectroscopy (EDAX). Photoluminescence (PL) specfrthe film are recorded using a Cary
Eclipse instrument in fluorescence emission scandemevith excitation wavelength of
485nm.The electrical resistivity and conductivitydies are carried out by four probe method.

3. EDAX analysis

EDAX results confirm the presence of Cu, In, S @ndn the(0.02M and 0.03M) doped CupnS
films(Fig. 1a,1D.The films are nearly stoichiometric, when oxygdenaken into account in the
relative composition.
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Fig.1la. EDAX spectrum of sprayed Zn-doped Figb. EDAX spectrum of sprayed Zn-doped
CulnS,(0.02M) filmspreparedat350C CuIn$,(0.03M) filmsprepared at350C

All the Zn-doped films contain oxygen at all depi@si temperatures. There is a slight decrease
in the concentrations of Cu, In, S and Zn fromfimes as the temperature increases from 300 -
400C. Oxygen is not only chemisorbed in all the filf6§ but oxygen containing phase has
been formed during the film growth. INnOCI and oG could be formed very easily due to the
thermal decomposition product of (WkINCls-H,O and or (NH),ZnCls-H,O, originally formed

in the spray solutiofi7]. Without any chemical reaction, oxygen probakfjudes along grain
boundaries of the films. It does not enter in gstallites but, bonded at the surface and grain
boundarieg8]. Hence, the properties of the films are not atldry oxygen content. The doped
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Zn in low concentrations (0.02M and 0.03M) increafige oxygen content as the temperature
increases (maximum of 5% is observed) and makdilthebetter stoichiometric with reduced
crystallographic defects [9]. Hence better crystdy of CulnS; films is obtained.

4. Surface morphology

The SEM photographs of 0.02 and 0.03M Zn-doped Sutlnin films grown in the temperature
range 356C and 408C are presented in the Fig 2a,b and 2c,d respéctivarge number of
small crystals of size about 200nm is formed at’B0Mearly 60% light is transmitted by the
crystals in the UV-visible region and about 70%tmnsmission is noticed in the IR regions.
The crystal size increases from 200-400nm as timpeaeature of the substrate increases from
325-400C (Fig.2a,b), the scattering of light is low and/®@&ansmission of light occurs in this
temperature range.
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Fig.2a (0.02 M). SEM micrographs of sprayed  Bi2b (0.02 M). SEM micrographs of sprayed
Zn-doped CulnS, films prepared at 350C Zn-doped Culns$ films prepared at 400C
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Fig.2c (0.03 M). SEM micrographs of sprayed Fig.2d (0.03 M). SEM micrographs of sprasd
Zn-doped CulnS; films prepared at: 350°C Zn-geed CulnS, films prepared at 400C

Hence, crystals grown in the temperature range 48#BC can be used as an infra-red
transmitter.Further the crystal size increases fd®-700nm for 0.03M doped samples in the
temperature range 325-4@0 (Fig 2c,d).The undoped CulnSamples show crystallites of 100-
700nm and about 70% of light transmission is ndticethe temperature 300-Am[10].
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5. Photoluminescence (PL)

Fig. 3.Shows the emission spectra of (0.03M) ZnedbCuln$ thin films grown in the
temperature range 300-4@Photoluminescence spectra have been recordedoan r
temperature with an excitation wavelength of 485arnall the samples.
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Fig.3.(0.03M)Photoluminescence spectra of sprayedAloped CulnS films excited by 485nm at various
substrate temperatures: (a) 300°C (b) 325°C (cpB°C (d) 375°C (e) 400°C.

A strong and broad emission peak is observed inMdneelength range 400-600nm (Blue and
Green Band emission) centred at 500nm (maximumséomswhen the substrate temperature at
30°C. This feature correspond to Donor-acceptor painsition (DAP) between a sulphur
vacancy and an Indium vacancy (or) Cu (or) Zn otnaium site [11,12, 13, 14] (or) band-band
gap luminescence of Zn doped Cuin&ystals deposited on the substrate [15]. [eurticrease

in temperature from 325 - 480, there is a decrease in emission of intensitiesthe peak at
which the maximum emission occurs slightly shitigrzards shorter wavelength region. Similar
trend is noticed for 0.01M doped samples but higlaue of emission peak intensity is noticed
than 0.02 doped samples. Better photoluminescerag@eqy is obtained by Zn-doped CupnS
thin films which reveal better crystallinity thandoped films [10]. All emissions are associated
with defects emerging during the growth of crystiedl and are related to deformation of
crystallinity due to dislocations and vacancies][18he undoped films present more no of
emission peaks in the visible and IR regions, wheleal large no of defect states or secondary
phases generated during its growth than doped 0he[l

6.Electrical properties

The variation of conductivitys for the Zn-doped (0.02 M and 0.03M) CulnS2thim& grown

in the temperature range 300-4G0is shown in the Fig 4. The incorporation of ZnGnInS
materials can occur in three different ways, (igugying the sulfur site to make an acceptor (ii)
occupying the copper site to make a donor and qégupying the interstitial site to make a
donor, and the donor Zpand Znwould be compensated by the acceptog [Ar7]. From the
Fig.4, it is observed that for 0.02M doped samppesalue increases with significant n-type
conductivity. The increase ip value may be due to scattering of electrons bynthdy
generated defects or due to localization of theuinty states and the compensation of Cu
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vacancy defects, and interstitials sites by Zn-dostates generated by the Zn-doping [20].
Further, the introduced Zn in low concentrationsnz compensate all the donors by Zn doping.
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Fig. 4. Variations of the conductivity of Zn-dopedCulnS; thin films with different substrate temperatures: a)
0.01M b) 0.02M c) 0.03M

Hence n-type conductivity is obtained in the terapse range 300-326. The value op and
hence conductivityo) almost remains constant in the temperature r&2§e356C.From 350-
400°C, an abrupt increase jnis noticed with decreased p-type conductivity. @volution of n

to p type conductivity is observed. It is attribditto the adsorbed and desorbed oxygen by the
films during deposition. Oxygen is known to be pdydopants in chalcogenide semiconductors.
In the case of 0.03M doped samples a decregs&atue is noticed with p-type conductivity due
to Zn atom occupying the sulphur site to make arepior which explains the origin of p-type
conductivity in temperature range 300-32918, 19].Further increase in temperature from-325
400°C p increasesand heneedecreases due to absorbed and desorbed oxygerowest p
obtained at 3% for 0.03M doped sample is 4.9 X1@-cm. 0.01M doped samples show p-
type conductivity to n-type conductivity .UndopedI@S2 films present high resistivity values.

CONCLUSION

The (112) oriented Zn-doped (0.02M and 0.03M) polstalline Culn$ thin films(at
Cu/in=1.25) are deposited on to glass substratethéntemperature range 300-400 The
increase in temperature and Zn doping affects thectsre of the films. The EDAX results
confirm the presence of Cu, In, S & Zn in the fillthe surface morphology reveals an increase
in temperature up to 380 facilitates the growth of Zn-doped polycrystadliGuln$ films. The

PL spectra exhibit a broad spectral emission cdrate500nm (Blue and Green band) in the
visible region.Conductivity studies reveal the ssanducting nature of the films. An evolution
of p-type to n-type conductivity is obtained in fenature range 325-3%D which requires
further investigations.
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