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Abstract

thin films of cobalt doped ZnO were deposited on a glass substrate using chemical spray pyrolysis technique.
Absorbance and transmittance spectra were recorded in the wavelength range (300-900) nm before and after
irradiation. XRD reveals that the as deposited thin film were hexagonal polycrystalline. The optical parameters
such as, optical energy gap , reflectivity ,extinction coefficient and refractive index were determined before and
after irradiated by gamma ray. It has been found that all the studied parameters were influnced by radiation.

Introduction

ZnO represents am important material in large area of
applications due to their characteristics such us: high
refractive index ™, good electrical conductivity and
optical transparency ', high mechanical and thermal
stabilities ©!. Its exciton binding energy is quite large
with a value of 60 meV, which ensures an efficient
excitonic emission up to room temperature [ in
addition, its also exhibits the features of non-toxicity,
low cost and high abundance . For all resons above
ZnO was a promising candidate material for
advanced device applications due to the above
characteristics and unique combination of its physical
properties-optical, electrical, magnetic, piezoelectric
and ferroelectric.It has a variety of potential
applications such as, sensors [, laser diodes [, solar
cells ¥ transparent electrode ), acoustic resonators
19 heat mirrors ™, and schottky diodes 2. Several
deposition methods could be used to prepare ZnO
thin films including sol-gel deposition ™! chemical
vapor deposition ™! Rf magnetron ¥ thermal
evaporation ™ chemical bath deposition ! and
spray pyrolysis (81,

The aim of this work is to study the effect of gamma
radiation on the structural and optical properties of
cobalt doped zinc oxide.

Experimental details

CZO thin films were prepared on a glass substrate by
the spray pyrolysis technique .The ZnCl, and CoCl,
salts (0.1 M) were dissolved in deionized water in
separate beakers. Aqueous solutions of ZnCl, and
CoCl, were used as the source of Zn and Co
respectively 0.5 percentage of CoCl, were added to
the ZnO solution in order to obtain CZO. The
Substrate temperature was regulated at 400 °C, the
solution rates were kept constant at 5 ml/min.

These conditions were selected because lower
temperatures gave low film growth rates, thereby
requiring excessive amount of solution, and high
temperatures risked volatilization of the solution prior
to reaching the substrates, resulting in poorly adhered
films. Yhe thickness of the obtained films was about
400 nm. A ¥ Cs were used as gamma ray source
with 3 [lci for 6days. XRD data were recoded by
Philips PW 1840 using Cu K- radiation , wavelength
1.54A. Absorbance and transmittance were recorded
by double beam spectrophotometer UV-1700-1650

yon

UV-Visiblerecording spectrometer supplied from
Shimadzu (Japan).
Results and discussions
The structural properties of cobalt doped zinc oxide
grown at 400 °C with an atomic concentration of 5%
are analyzed by XRD before and after irradiation by
gamma rays as can be seen in Fig. (1) and Fig. (2), it
can be found that all the films are polycrystalline with
hexagonal and wurtzite structure and have a preferred
orientation along(101) , the c- axis perpendicular to
the substrates. The crystallinity is improved by
gamma radiation as can be clearly seen from the full
width at half maximum (FWHM). The transmittance
spectra of CZO thin films are shown in Fig. (3).The
CZO thin films show high transmittance in the visible
region and increase gradually in the wavelength range
(420-700) nm as the wavelength increase. The
transmittance of the deposited films after irradiation
were decrease in comparison with the transmittance
before irradiation, but the behavior of the curves
remain the same.The optical absorption spectra of
CZO thin films were obtained in the wavelength
range 350 to 900 nm the optical absorbance was
measured from these spectra. According to Tauc the
dependence of the absorption coefficient [1 on photon
energy hl! is taken the from [19].

(ahv)’" =A(hv-E,) (1)
Where Eg is the optical band gap, A is a constant and
r = % for an allowed direct energy gap. In order to
determine the optical band gap of the CZO thin films
before and after irradiated (| - rays ([ /h /(1" was
plotted versus h{ | . the direct band gap was obtained
by extrapolating the linear part to zero concatenate. A
typical plot of ([1h lversus h{l of CZO before
and after irradiation is shown in Fig. (4) and Fig. (5)
respectively The optical band gap of CZO before
irradiation was estimated to be 3.2 eV, this value
increases to be 3.31 eV after irradiation by gamma
.these results might be explained due to the
improvement in crystallinity. Fig. (6) and Fig. (7)
shows the refractive index (n) and extinction
coefficient (k) as a function of wavelength before and
after irradiation respectively calculated in the
wavelength range (350-900) nm as follows 2
Where R is the reflectivity and k the extinction
coefficient ®which is:
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n=( 1+R ) + 4R (2)
1-R (1-R)?
K — o A (3)
T a4

Where (1) the absorption coefficient and (1) is the
wavelength. The refractive index reach 3.63 and then
decreases gradually as the wavelength increase while
after irradiation the refractive index increase in the
wavelength range (420 — 900) nm and it seems to be
nearly constant in comparison with the sample before
irradiation. The behavior of the refractive index is
related to the carrier concentration due to increase the
amount of oxygen vacancies so the refractive index
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Fig. (1)XRD for the as grown thin films before.
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Fig. (3) Transmittance versus wavelength of CZO
thin films before and after irradiation.
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increases clearly ?2.0n the other hand the extinction
coefficient increase with irradiation as a result of
decrease in the transmittance which cause the
increase of the absorption coefficient.

Conclusions

CZO thin films were grown successfully by chemical
spray pyrolysis using cobalt as a donor element in
Zn0O, XRD analysis reveals that the intensity of (101)
peak increase after irradiation due to improvement of
the film crystallinity. The refractive index increases
after irradiation while the extinction coefficient
decreases.
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Fig. (4) (ehv)® versus photon energy for CZO
thin films before irradiation.
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CZO0 thin films before and after irradiation.

Extinction Coefficient (k )

0

References

1- Z. Jiwei, Z. Liangying and Y. Xi, The Dielectric
Properties and Optical Propagation Loss of C-Axis
Oriented ZnO Thin Films Deposited by Sol-Gel
Process, Ceramics International,Vol. 26(8), pp.883,
(2000).

2- S. Golshahi, S. M. Rozati, R. Martins and E.
Fortunato, P-Type ZnO Thin Film Deposited by
Spray Pyrolysis Technique:The Effect of Solution
Concentration, Thin Solid Films,Vol. 518,
pp.1149,(2009).

3-A. Ohtomo, M. Kawasaki,Y. Sakurai, |I. Ohkubo, R.
Shiroki, Y. Yoshida,T. Yasuda,Y. Yasuda, Y. Segawa
and H. Koinuma, Fabrication of Alloys and
Superlattices based on ZnO Towards Ultraviolet
Laser, Materials Science and Engineering
B,Vol.56(2-3), pp. 263, (1998).

4- D. C. Look, Recent Advances in ZnO Materials
and Devices, Materials Science and Enginiering
B,Vol .80(1-3), pp.383, (2001)

5-T. Prasada Rao and M. C. Santhoshkumar, Effect of
Thickness on Structural, Optical and Electrical
Properties of Nanostructured ZnO Thin Films by
Spray Pyrolysis, Applied Surface Science,Vol.255,
pp.4579, (2009).

6-E.Wongrat, P. Pimpang and S. Choopun,
Comparative Study of Ethanol Sensor Based on Gold
Nanoparticles: ZnO Nanostructure and Gold: ZnO
Nanostructure, Applied Surface Science, Vol. 256,
pp.968,(2009)

7- T. Pauporte, D.Lincot, B. Viana and F. Pelle,
Toward laser Emission of Eptixial Nanorod Arrays
of ZnO Grown By  Electrodeposition, Applied
Physics Letters,Vol. 89, pp.233112,(2006).

8- Q. Lupan, S. Shishiyanu,V. Ursaki, L. Chow, T.
Shishiyanu,V. Sontea, E. Monaico and S. Railean,
Synthesis Of Nanostructural Al-Doped Zinc Oxide
Films on Si For Solar Cells Applications, Solar
Cells Applications, Solar Energy Materials And
Solar Cells ,Vol .93(8),pp. 1417, (2009).

9- F. Michelotti , A. Belardini , A. Rousseau, A.
Ratsimihety, G. Schoer and J. Mueller, Use of
Sandwich Structures With ZnO:Al Transparent
Electrodes for The Measurement of The Electro-

Ve A

ISSN: 1813 - 1662

Optic properties of Standard and Fluorinated Poled
Copolymers at =1.55"1m,Journal of Non-
Ciystalline Solids, vol. 352, pp. 2339,(2006).

10-J. B. Lee, H. J. Kim, S. G. Kim, C. S. Hwang, S.
H. Hong,Y. H. Hong, Y. H. Shin and N. H. Lee,
Deposition of ZnO Thin Films by Magnetron
Sputtering for a Film Bulk Acoustic Resonator, Thin
Solid Films, Vol. 435 (1-2), pp179. (2003).

11-Z. Wang, Q. Chen and X. Cai, Metal-Based
Transpoarent Heat Mirror for Ultraviolet Curing
Applications, Applied Surface Science ,Vol. 239 (3-
4), pp.262, (2005).

12-W. L. Park, G-C. Yi, J-W. Kim and S-M. Park,
Schottky Nonocontacts on ZnO Nanorod Arrays,
Applied Physics Letters ,\VVol.82, pp. 4358, (2003).
13- Z. B. Ayadi, L-E.Mir, K. Djessas and S. Alaya,
Effect of The Annealing Temperature on
Transparency and Conductivity of ZnO —Al Thin
Films, Thin Solid films ,Vol. 517, pp.6305, (2009).
14- S. Fay, V. Kroll, C. Bucher, E. V. Sauvain and A.
Shah, Low Pressure Chemical Vapour Deposition of
ZnO Layers for Thin Film Solar—Cells: Temperature-
Induced  Morphological Changes, Solar Energy
Materials and Solar Cells Vol. 86(3), pp, 385, (2005).
15-J. H. Han, Y. S. No, T. W. Kim, J. Y. Lee, J. Y.
Kim and W. K. Choi, Microstructural and Surface
Property Variations Due to The Amorphous Region
Formed by Thermal Annealing in Al-Doped ZnO
Thin Films Grown on n-Si (100) Substrates , Applied
Surface Science, Vol. 256, pp. 1920, (2010).

16- P. Petrou, R. Singh and D. E. Brodie, The Use of
ZnO in Transparent Type MIS Solar Cells , Applied
Physics Letters, Vol. 35, pp. 930, (1979).

17- Q. Li, S. Bian, J. Sun, J. Wang, Y. Luo, K. Sun
and D. Yu, Controllable Growth of Well-Aligned
ZnO Nanorod Arrays by Low-Temperature Wet
Chemical Bath Deposition Method , Applied Surface
Science, Vol. 256, pp. 1698, (2010).

18- K. Bahedi, M. Addou, M. E. Jouad, S. Bbayoud
and Z. Sofiani, Effects of Deposition Temperature on
The Surface Roughness and The Nonlinear Optical
Susceptibility of Sprayed Deposited ZnO:Zr Thin



Tikrit Journal of Pure Science 17 (2) 2012

Films, Applied Surface Science, Vol. 255, pp. 9054,
(2009).

19- X. Xiao, G. Dong, J. Shao, H. He and Z. Fan,
Optical and Electrical Properties of SnO,: Sb Thin
Films Deposited by Oblique Angle Deposition,
Applied surface Science, Vol. 256 (6), pp. 1636,
(2010).

20-S.llican,  Y.Caglar, M.Cagular and F.
Yakuphanoglu, Structural, Optical and Electrical
Properties of F-Doped ZnO Nanorod Semiconductor
Thin Films Deposited by Sol-Gel Process, Applied
Surface Science, Vol. 255, pp. 2353, (2008).

Cxxd

ISSN: 1813 - 1662

21-S. W. Xue, X. T. Zu, W. L. Zhou, H. X. Deng, X.
Xiang, L. Zhang and H. Deng, Effects of Post
Thermal Annealing on The Optical Constants of
ZnO Thin Film , Journal of Alloys and Compounds,
Vol. 448, pp. 21, (2008).

22- H. M. Ali, M. M. Abu-Mesalam and M. M. El-
Shorbagy, Structure and Optical Properties of
Chemically Synthesized Titanium Oxide Deposited
by Evaporation Technique, Journal of Physics and
Chemistry of Solids, Vol. 71, pp. 51, (2010).

438y CZO duidlY Lpaully Lus ) Lailadl) (g Ao Lals dadi il

"aba glalu el Tl Babe vaall e, g Juald a6

Gl ¢ Alxis ¢ Lypaiivel) dealat] ¢ Lyl DS ¢ o Lyjusl and |
Gl ¢ CySi ¢ CopSi dnala ¢ gl S ¢ o Ljasl) s

(Y0 /¥ /0T 0sl fali——== Y [ [V i) i)

Leilal)

L ik Jas o@hall Shasl il G zlall e 2ol o cliSll ) paylal Syl (e di8) duie] Copaa
Baaxie il Apunpall B2V G Apied) 42V 25 48 il il 3ays U8 (300-900)NMiinsall JIskall (520 b dpaliaial ]y

sl g il (ag sl

538 gaen a8 Ol 2 3 L il tays JB LSV Jalaas 35eal) Jalro ¢ Appeanl) 25Ul 55n8 ¢ (Jio dppad) Cilalaall Gany o adas

sl sl 8 )

Vo4



