N3

Chemueeh

+
e
cn g
’, x International Journal of ChemTech Research
RESEARCH CODEN( USA): IJCRGG  ISSN : 0974-4290
www.sphinxsai.com Vol.6, No.1, pp 306-310, Jan-March 2014

Structural, Electrical and Optical Characterization of Cuo Thin
Films Prepared by Spray Pyrolysis Technique

V. Saravanakannan **, T. Radhakrishnan 2

'School of Electrical and Electronics Engineering, S~ ASTRA University,
Tirumalaisamudram, Thanjavur — 613 401,India.

%Srinivasa Ramanujam Centre, SASTRA University, Kumb  akonam — 612001, India.

*Corres. author: vlkanna02@yahoo.co.in

Abstract: Using the spray pyrolysis technique to prepareRtgpe CuO thin films. It is carried out for three
different molar concentrations of 0.10M, 0.15M an@0M at 350 C from copper (Il) chlorite precursor
solution on the glass substrate. The study of Weifraction attained all the films exhibit polyatalline
nature with monoclinic crystal structure compriseiformly distributed grains. The electrical projpes of the
films like mobility, conductivity Hall co-efficientRy), and carrier concentration have been studied. Effdct
measurement is to confirm the p-type conductivitythe# films. The band gap energy size, resistivitg an
average particle were also determined. The regjstias been investigated by Four probe methodliféerent
molar concentrations of copper oxide.
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Introduction:

Different transition metal oxides (copper, ironckel, zinc and cobalt) have a numerous applicatiQre of
these is cupric oxide (CuQO) as an important P-typmsition metal semiconductor oxide has been sitely
studied. CuO has been established as a numbepbfatpns like gas sensors [1-3], solar photovoli4,5],
lithium ion electrode [6] etc. There are variousabBshed ways of fabricating CuO thin films likerap
pyrolysis[6-9], spin coating [10,11],dip coating[13], SILAR[14,15] to name a few. Among all thegar&
pyrolysis technique has stoichiometry in multi-campnt system and splendid control of chemical umifty.
As the presence of acceptor levels attributed fipepvacancies, CuO is considered to be a p-tygesition
metal semiconductor with a narrow band gap of M2-el.5 eV [15], and therefore it may be effectiee
construct PN junction diodes. In pure conditiore stoichiometry CuO material is an electrical iaoi.
However, CuO is subjected to a chemical sprayets gleviated and thereby causes from stoichioneteyto
defects and impurities.
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Experimental:

In this study, the copper (l) chloride dissolvimgde-ionized water to deposit CuO thin films wasstructed
by spray pyrolysis method. The resulting solutioaswnixed for 3 hours using a magnetic stirrer. Tihal
solution, with concentration of 0.1 M, 0.15 M an@ O was dark blue and clear, without any suspénsio
particles. The solution was sprayed onto the wirasilly cleaned glass substrates. The subseatpdrature
was maintained at 3%0 and it was measured using thermocouple. Theisolflow rate was controlled by a
flow meter and kept at 2 ml min—-1and the distande/éen the nozzle and the substrate was maintaingd a
cm. The thickness of the films was measured usiagimpetric method. The crystalline structure of togper
oxide films was studied by X Pert Pro X-ray diffi@oeter (XRD), with Cul¢ radiation. The Ecopia HMS-
3000 version 3.51.3 Hall effect measurement systes used to measure the Hall-coefficient, chargeecar
concentration, mobility, resistivity and condudiyvof the films.

Result and Discussion
Characterization by X-rays

Fig.1 shows X-ray diffraction patterns are preserite CuO thin films deposited at 350 for three different
precursor concentrations. The obtained XRD patéithe films for different concentration unveildget CuO
with single phase tenorite structure. The peak8aangle 35.15and 38.30, with dhkl 2.55 A and 2.34 A,
correspond to (-111) and (111) planes respecti@i@PDS 89-2529). From the xrd reports, increasiimg
precursor concentration increases the film thickmesults the rise in peak intensity during the fibrmation.

At 0.2 M concentration eight peaks at 32.12, 353830, 48.62, 53.18, 57.81, 65.89, and 67.75appedue

to (110), (-111), (111),(-202),(020), (202), (022 (113) planes respectively. The (-111) and (diffraction
peaks are observed for all the three samples.

— 0.2 at%
— 0.15 at%
— 0.1 at%
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Fig.1. XRD Patterns of CuO thin film for different concentrations.

All the peaks in the XRD pattern represent the notinic structure of CuO. The crystallite size (Dasv
calculated using Scherrer's formula [16]

D = 0.9\/p coso

where D is the crystalline sizg,s the broadening of diffraction line measuretiat of its maximum intensity
and X is the X ray wavelength.
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From table.1 the crystalline size observed thatrebesing the size with increasing the molar
concentration. The optical absorption spectra veasrded in the wavelength region 300 — 1100 nmthad
band gap was determined fronv){f against h graph (Fig.2 ) Band gap observed as 1.419 eV 11e¥4 1.466
eV for the different molar concentration for 0.%a10.15 at%, 0.2 at% respectively.
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Fig. 2 Optical band gap of CuO for different concentrations

The another important optical constant, extinctiorefficient (k) has been calculated the followfogmula'’
k = aM4n

Fig.3. shows that the variation of k with enerdye k value for all the films behaves a linear trept 2 eV
after that there is a gradual decrease in the aidim coefficient value. The blue shift in the iegtion
coefficient value denotes that the films are stesrabsorbing medium in this range.
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Fig. 3 Absor ption co-efficient



V.Saravanakannan et a//Int.J. ChemTech Res.2014,6(1),pp 306-310. 309

Electrical properties

The Hall Effect measurements of the CuO thin filepadsited with different molar concentration showyjpe
conductivity and Hall coefficient increases witlcrieasing solution concentration. The resistivitylaver
concentration was first observed to be 0.18®1€ém. The molar concentration increases, the reijsti
increases due to decrease in the carrier concentrat

Table.l. Electrical properties

Eg Ry c n p n D
Sample | oy 10 | 10 10° 10° 104 nm
(cn?/C) | (Q'.cm™) | (enf/Vs) | (Q.cm) | (/e
0.1 at% 1.419 0.41 55 2.25 0.18 4.2 22.2
0.15 at% 1.441 1.40 1.54 2.16 0.65 3.6 16.7
0.2 at% 1.466 2.03 0.588 1.19 1.7 1.5 14.3

It is noteworthy to mention that the resistancaigahcreases due to different molar concentratioreases and
the resistance value decreases with increasinguhent for each concentration shown in Fig.4. The
characteristics of the deposited CuO films are showFig.5. Irrespective of molar concentratiam;reasing
the voltage the resistance value of the CuO filewehses.

Rasrand:

Fig.4. Current vs. Resistance. Fig.5. Voltage vs. Current

Conclusion

The consequence of variation in the precursor aunaton on the optical and electrical propertieasw
discussed for CuO films deposited at 35Mmy spray pyrolysis technique. The average chjtstadize was
found to vary from 22 to 14 nm with increasing oncentration. The Hall Effect studies unveiledgngicant
decrease in mobility, conductivity and carrier camication of CuO films for increasing concentratard it
confirms that the grown films are P type in natwith the carrier concentration range of-1ém®. The optical
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absorption edges of all films were kept in the mnf350nm to 500nm.The extinction co-efficient {&Jues of
the grown films indicated the films are stronges@bing medium in the lower wavelengths.
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