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Abstract
In this work thin films ZrO2 have been irradiated by Gama rays .The film characteristics are Fromcs-1370.9uciat thin
films were successfully deposited on suitably cleaned glass substrate at constant room temperature and different
concentrations thicknesses different (330,450 and550)nm. Absorbed dose samples from the source is 2.67sv/h. XRD
analysis detect that all the films were polycrystalline tetragonal with a choose orientation bearing (111) plane. At
half-maximum full-width (FWHM) of the preferred orientation (111) for the material ZrO 2.that the absorbance of all
the films have high rate at a wavelength in the neighbourhood of the border of the essential absorption (280 nm),
then the absorbance reduction with rising of wavelength. The reflectance in wavelength range about (275-385) nm
increases with the decreasing of the film thickness, also increases with the increasing of the wavelength. In contrast,
λ>385 nm the reflectance increases with the increasing of film thickness and decreases with increasing of the
wavelength. The value of energy gap has been observed to depend on thickness, showing a slightly decreases as a
thickness increase and the variations of refractive index with the wavelength of the accident photon. The conduct of
this figure is similar to the behaviour of reflectance spectrum.
Keywords: Optical properties, transparent conducting, Zirconium dioxide, ray gamma element Cs 137.
Introduction
1 Faultless

zirconia exists (ZrO2)in three valuable stone
stages at various temperatures. Temperatures at high
(>2370°C) the substance has a cubic construction.
Temperatures at moderate (1170 to 2370°C) it has a
tetragonal structure. Temperatures at depressed
(underneath 1170°C) the material changes to the
monoclinic structure [S.H.Jeong et al, 2003]. The
change from tetragonal to monoclinic is quick and is
joined by a 3 to 5 percent volume assemble that causes
expansive softening up the material. A couple of oxides
which separate in the zirconia valuable stone structure
can back off or wipe out these pearl structure changes.
Used normally feasible included substances are MgO,
CaO, and Y2O3[Al-Salehi at,1998]. With satisfactory
aggregates incorporated, the structure cubic at high
temperature can be kept up to room temperature.
Settled cubic zirconia is a significant adamant and
specific mud material since it doesn't encounter
harming stage moves in the midst of warming and
cooling [ A. S. Ablitsova et al,1998].
Moreover, some composes of zirconium oxide
pottery generation can lead oxygen particles.
Fragments created utilizing this material are in a
general sense more exorbitant than parts made of
*Corresponding author: Hiyam Chasib Majed

alumina ceramic generation[H.Bensouyad et al,2010].
Oxide zirconium ceramics are used, among various
applications, as instruments for wire encircling, as
aides in welding frames, as materials for crowns and
expansions in the dental business, as rings securing in
warm systems, and as estimation oxygen cells in
lambda tests. Zirconia is an amazingly obstinate
material [P.Southon et al, 2000].
Experimental details
Thin films of nana structured Zirconium dioxide (SrO2)
have been prepared by chemical spray pyrolys is
technique. Aqueous dismissal, of (ZrOCl2.8H2O)with
different thicknesses(330,450,550)nm was utilized as a
exporter of Sr, glass substrates were applied to deposit
SrO2. After many lawsuit, the following event were
chosen in order to secure homogenous films, pinhole
free, well adherent to substrates. These event arrived
at the following: substrate self same temperature was
(300±10)oC, and was kept fixed through, the
sedimentation process, distance between substrate and
nozzle was 29 cm ,spraying time was 10 Slasted by 90
to avert exaggerated cooling, deposition rate was 4
ml/min., nitrogen was used as a gas carrier .The
irradiation samples exposed to ray gamma
fromCs137,Radiological Card 661.61KeV,Absorbed dose
to the sample from the source 2.67.Structural
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possession were carried out using X-Ray Diffraction
Technique (shimadzu - XRD6000, shimadzu company
/Japan).Transmittance and absorbance were measured
by using a double beam spectrophotometer
(Schimadzu 1650 UV probe Japan) in the wavelength
domain (350-1100)nm . All the measurements were
achieved at room temperature [Y.Shen,S.Shao et
al,2007].
Results and discussion
The XRD Patterns registered for with thickness of ZrO2
thin films. Exercise the JCPDS data card, these films
were establish to be of cassis trite kind with a
tetragonal structure [E. Martı´nez et al,2001]. The
prime diffraction peaks attributed to (111) and (220)
of ZnO2 these peaks signalize the polycrystallanity of
these films, have a preferred orientation along (111)

which vestige predominant irrespective of the molar
concentration [M.Cassir et al,2001].
The XRD patterns of all thin films with different
thicknesses (330,450 and 550)nm. The X –ray
Diffraction (XRD) analysis has been carried out for
these films, which display polycrystalline structure of
tetragonal phase regardless of thickness as shown in
figures (1a), (1b) and (1c). Polycrystalline films exhibit
two main peaks which correspond to (111) and (220)
planes. In all condition the concentration of (220) peak
is extremely low in comparison with (111) one, this
signalize that a dominant peak correspondent
was(111) plane. It shows there is a shifting due to
radiation suffered by the specimens. Also one can
observe that when thickness raise, the position of
peaks do not change position. These results are in
good agreement with (JCPDS) card and Martı´nez
[Y.Shen et al,2007].

Figure 1a: XRD spectrum for ZrO2 thin film with thickness (330) nm and the irradiation of samples ray gamma
element Cs137

Figure 1b: XRD spectrum for ZrO2 thin film with thickness (450) nm and the irradiation of samples ray gamma
element Cs137
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Figure 1c: XRD spectrum for ZrO2 thin film with thickness (550) nm and the irradiation of samples ray gamma
element Cs137
Table 1 shows The lattice constants a and c for the ZrO 2
thin film are calculated by using the equation:
(1)
for different thicknesses, It is observed that the lattice
constants change slightly with thickness, also the value
of lattice constants is nearly in agreement with( JCPDS)
card and Garcia.[ E. Martı´nez et al,2001]
Table 1 The variation of Lattice constants with
thickness
Thickness (nm)
330
450
550
JCPDS

c(Å)
5.058
5.090
5.080
5.25

a( Å )
5.107
5.116
5.114
5.12

60
50

T=IT/IO

A=IA/IO

45
40

25

(3)

0.65

35
30

(2)

It is also observed from the Fig. 1 that increasing
thicknesses tends to reduce transmittance in all the
spectrum of solar light energy. These results could be
attributed to the formation of denser films because of
water evaporation. This behaviours in good agreement
with result published by Ezema et al [Li, W et al, 2007].
Fig. 3 shows that was observed that absorbance was
higher for the thickness untreated one and then begin
to decrease. When the Lower thickness, this can be
explained by the inverse relation between
transmittance and absorbance. A can be defined as the
ratio between absorbed light intensity (IA) by material
and the accident intensity of light (Io).[ Shen Y et
al,2007].

0.6
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450 nm

0.55

330 nm

450 nm
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Fig. 2 Transmittance versus wavelength for ZrO2 thin
film is exposed to gamma rays (Cs137) different
thicknesses
Fig. 2 illustrate the transmittance via wavelength, it can
be clearly seen that the transmittance of 330 nm was
higher than the all deposited thin films showing a shift
in peak location. All the films exhibit peaks maxima and
minima this could be attributed to the high
homogeneity of the deposited thin films. Transmittance
was given by the ratio of the intensity of the

Absorbance A

Transmittance T(%)

55

transmitting radiation (IT) through the film to the
intensity of the episode rays (Io) on it as [Zhu LQ et
al,2006]
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Wavelength (nm)

Fig. 3 Absorbance versus wavelength for ZrO2 thin film
is exposed to gamma rays (Cs137) different thicknesses
Fig. 4 illustrates the Reflectance via wavelength.
Ranges Reflectivity of the material ZrO2from (0.185 to
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Reflectance R

0.203) cm-1 the, and be less reflect when the thickness
of the material 550 nm, and more reflective when the
thickness of the material 330 nm. Equally reflective
material when thickness (330,450 and 550) nm when
the wavelength 495 nm.
0.21
0.205
0.2
0.195
0.19
0.185
0.18
0.175
0.17
0.165
0.16
0.155
0.15
0.145
0.14
0.135
0.13

330 nm

Fig. 6 represents the value of direct transitions, which
was estimated from Tauc relation according to the
following equation: [Lin, C.Y. et al,2007]
α=ln (IO/I)/d

(6)

The value of the optical energy gap utilizing Fig.
6was3.08eV the highest value was for ZrO2 thin film is
exposed to gamma rays (Cs137) thicknesses 330nm .and
optical energy gap utilizingFig.7 was3.02eV the highest
value Also was for thicknesses 450nm. Optical energy
gap utilizing Fig.8 was3.00eV the highest value Almost
to the extent was for thicknesses 550 nm.

450 nm

320 345 370 395 420 445 470 495 520 545 570 595 620
Wavelength (nm)

Fig. 4 Reflectance versus Wavelength for ZrO2 thin film
is exposed to gamma rays (Cs137) different thicknesses
Fig. 5 depicts the relation between the absorption
coefficient and photon energy, increasing photon
energy leads to increased reflectance, it can be seen
that the highest value of the absorption coefficients at
Increasing photon energy was at thickness 330 nm.
The absorption coefficient datum were applied to
locate the optical band gap, eg, using the relation: [Ma,
C.Y., Laspostolle et al,2007]

Fig. 6 ZrO2 thin film is exposed to gamma rays (Cs137)
thicknesses 330nm
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Fig. 5 Absorption coefficient is exposed to gamma rays
(Cs137) different thicknesses

Fig. 7 ZrO2 thin film is exposed to gamma rays (Cs137)
thicknesses 450 nm

(4)
where ⱨ is the photon energy n=1 for direct
transition, n=4for indirect transition. In this case the
transitions are direct and the absorption coefficient α
was obtained from the transmittance data using the
relation:
(5)
where d and T are the thickness and the transmittance
of the films. The absorption coefficient (α)[ Mujdat
Caglar et al,2009].

Fig. 8 ZrO2 thin film is exposed to gamma rays (Cs137)
thicknesses 550 nm
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It can be seen from Fig. 9 that the value of the
extinction coefficient decrease at the 459 nm and
extinction coefficient increase at the 331 nm.
Extinction coefficient known, as the amount of energy
absorbed in the thin film represents (complex
refractive coefficient) The Extinction coefficient (k)
was calculated from the absorption coefficient (α)
using the formula:[ Luo K et al,2009]
K=αλ/4π

Figure 11 below observed important trends in the
dielectric functions are the dependence on thickness
and using the formula real (ε1) part of dielectric
functions of these films [ Yusoh et al, 2012]
ε1=no2-ko2

(9)

7.5
7

(7)

ε1

6.5

The absorption edges shifted across the higher energy
quarter and showed no explicit change with increasing,
the deposition times.

6
5.5
5

Extinction Coefficient (k)

1.00E-01
9.00E-02

4
2

8.00E-02

2.5

7.00E-02
6.00E-02
5.00E-02

330 nm

2

Figure 12 below shows the imaginary (ε2) part of
dielectric functions of these films.

2.5

3

3.5

photon energy h (ev)

ε2=2noko

Fig. 9 Extinction coefficient versus photon energy for
ZrO2 thin film is exposed to gamma rays (Cs137)
different thicknesses

0.5
0.45
0.4
0.35
0.3

(8)

0.25

It can Illustrates the refractive index a decrease trend
when increase the deposition time ,the resonance for
how peaking density for the film and possibility have
not continuous, many void still exist in the films and
many defects due to lose arrangement. [Kralik B et
al,1998].

0.15

-1)2+k

o]/

[(no-1)2+ko2]

(10)

0.55

ε2

Fig.10 show the value of the refractive index was
calculated by the following [Brunet et al,2011]
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Fig. 12 Thin film is exposed to gamma rays (Cs137)
different thicknesses
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Fig. 11 Thin film is exposed to gamma rays (Cs137)
different thicknesses
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Fig. 10 Refractive index versus photon energy for ZrO2
thin film is exposed to gamma rays (Cs137) different
thicknesses

Fig. 13 Thin film is exposed to gamma rays (Cs137)
different thicknesses
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Figs. 13 above we used, mathematical equation below
for finding the value of the optical conductivity [A.
Ivashchenko et al,2007]
σ = (αnc / 4π)

(11)

The value of the optical conductivity was vary photon
energy from 2to 2.9 volts and highest value of the film
thickness at 331 nm.
Conclusions
Thin films of ZrO2 have been successfully prepared by
the chemical spray pyrolysis is technique. XRD patterns
reveal that all the films were polycrystalline with a
preferred orientation along (111) plane. The effect of
gamma rays on these films were investigated reaching
to the following conclusion that the radiation affect the
crystal structure by decreasing the order of
crystallinity the optical properties were also affected.
References
S.H.Jeong, J.W.Lee, J.H.Boo, thin solid films, (2003),
p.78.Balakrishnan, G., Sairam, T.N., Kuppusami, P.,
Thiumurugesan, R., Mohandas, E., Ganesan, V., Sastikumar,
D (2011). Influence of oxygen partial pressure on the
properties of pulsed laser deposited nano crystalline
zirconia thin films. Appl. Surf. Sci. 257, 8506 ADSCrossRef
Al-Salehi, (1998), Thin Solids Films, 324, p.214.
A. S. Ablitsova, V. F. Ajekyam, A. Yu. Serov. (1998), Optical
spectra of micro crystals of the layered Semiconductors
PbI2 grown in glass matrices, vol.32, No.I.02 , p.136.
H.Bensouyad , H.Sedrati.(2010), ,Structural ,thermal and
optical characterization of TiO2 : ZrO2 thin films prepared
by sol –gol method,thin solid films 519,pp.96-100.
P.Southon
(2000) ,Structural evolution during the
preparation and heating of nonophase zirconia gels,
University of Technology , Sudney , Ph.D degree.
Y.Shen,S.Shao (2007), Influences of oxygen partial pressure
on structure and properties of ZrO2 thin films prepared by
electron
beam
evaporation
deposition,
ELSEVIER,254,pp.552-556.
E. Martı´nez, C.Falcony (2001),Cathodoluminescent and
Photoluminescent Properties of terbium doped ZrO2 films
prepared by spray pyrolysis technique , Elsevier, 93pp.915.

M.Cassir (2002),Synthesis ZrO2 of thin films by atomic layer
deposition:growth kinetics ,structural and electrical
properties,Elsevier,193,120-128.
Y.Shen,S.Shao (2007),Influences of oxygen partial pressure
on structure and properties of ZrO2 thin films prepared by
electron
beam
evaporation
deposition
,
Elsevier,254,pp.552-556.
E. Martı´nez, C.Falcony (2001),Cathodoluminescent and
Photoluminescent Properties of terbium doped ZrO2 films
prepared by spray pyrolysis technique , Elsevier, 93,pp.915.
Zhu LQ, Fang Q, He G, Liu M, Zhang LD (2006). Interfacial and
optical properties of ZrO2/Si by reactive magnetron
sputtering.Material letters;60:888-891.
Li, W., Liu, X., Huang, A., Chu, P.K (2007), Structure and
properties of zirconium (ZrO2) films fabricated by plasmaassisted cathode arc deposition. J. Phys. D. Appl. Phys. 40,
2293 ADSCrossRef.
Shen Y, Shao S, Yu H, Fan Z, He H, Shao J. Influences of oxygen
partial pressure on structure and related properties of
ZrO2
Ma, C.Y., Laspostolle, F., Briois, P., Zhang, Q.Y. (2007): Effect of
O2 gas partial pressure on structures and dielectric
characteristics of rf sputtered ZrO2 thin films. Appl. Surf.
Sci.253, 8718 ADSCrossRef
Mujdat Caglar, Saliha Ilican , Yasemin Caglar , Fahrettin
Yakuphanoglu, (2009) Electrical Conductivity and Optical
Properties of ZnO Nanostructure thin film Applied Surface
Science ,vol.255,pp.4491-4496.
Lin, C.Y., Wu, C.Yi., Wu, C.Yu., Lin, C.C., Tseng. T.Y. (2007),
Memory effect of RF sputtered ZrO2 thin films. Thin Solid
Films. 516 444 ADSCrossRef
Luo K, Zhou S, Wu L(2009). High refractive index and good
mechanical property UV-cured hybrid films containing
zirconia nanoparticles. Thin solid films;517:5974-5980.
Brunet, M., Mafhoz Kotb, H., Bouscayrol, L., Scheid, E.,
Andrieux, M., Legros, C., Schamm-Chardon. S. (2011),
Nanocrystallized tetragonal metastable ZrO2 thin films
deposited by metal-organic chemical vapor deposition for
3D capacitors. Thin Solid Films. 519, 5638 ADSCrossRef
Kralik B, Chang EK, Louie SG (1998);. Structural properties
and quasiparticle band structure of zirconia. Phys. Rev.
B57:7027-7036.
Yusoh, R., Horprathum, M., Eiamchai, P., Chindaudom, P.,
Aiempanakit, K. (2012), Determination of optical and
physical properties of ZrO2 films by spectroscopic
ellipsometry. Procedia Eng. 32, 745 CrossRef.
A. Ivashchenko , and I. Kerner (2003),Physical approaches to
improvement of semiconductor gas sensors based onSnO2
thin filmsMoldavian J. Phys. Sci.,vol. 2.

407| International Journal of Current Engineering and Technology, Vol.7, No.2 (April 2017)

