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Abstract

In this research, the structural and optical measurements were made on the Zinc oxide
(ZnO) films prepared by two methods once by using chemical spray pyrolysis technique, and
another by using thermal evaporation technique before and after irradiation by Gamma —Ray
(y — rays) from source type (Cs '*7) with an energy (0.611)MeV as a function of gamma dose
(0.15,0.3 and 0.45) Gy. The thickness of all films prepared by two method was about (300 +
50) nm.

XRD is used to characterize the structural properties, the results demonstrated that all
samples prepared by two method before and after irradiation have polycrystalline structure
with a preferred orientation (002).Also it showed that the structural properties are weakly
dependent on the gamma dose. The optical measurement shows that all ZnO films prepared
by two method have a direct energy gap, and they in general decrease with the increase of
Gamma dose while the optical constant such as absorption coefficient, refractive index,
extinction coefficient, real and imaginary parts of the dielectric constant and optical
conductivity showed an opposite trend, these values increase with the increase of irradiation
dose. As well as all optical properties for the samples prepared by thermal evaporation
technique is higher than the samples prepared by chemical spray pyrolysis technique.
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Introduction

ZnO thin film is one of the II-VI compound semiconductors, composed of hexagonal
wurtzite crystal structure, it has a broad band gap (~3.3) eV at room temperature, large
excitation binding energy(60)MeV and high lattice constant[1,2]. Zinc oxide thin films have
unique physiochemical properties such as chemical stability in hydrogen plasma, high optical
transparency in the visible and near-infrared region of the electromagnetic spectrum and high
refractive index[3,4,5]. Due to these properties, ZnO is used in various applications such as
solar cell window, antireflection coating ,transparent conducting material , flat displays, heat
mirrors, chemical sensors, gas sensors, ultraviolet light sensors, light emitting diodes (LEDs),
and other optoelectronic devices [2,5,6] . Several growth techniques have been used by
different workers to prepare ZnO films such as physical vapor deposition (PVD) [7], sol-gel
[2, 4, 8], chemical spray pyrolysis [3], electro-deposition [9], sputtering [5, 10], chemical
vapor deposition (CVD) [11], etc.

Ionizing radiations such as X-rays, gamma-rays, beta particles, alpha particles, fission
fragments, etc. are present in several fields that include industry, medicine, military, particle
accelerator based research, nuclear power plants, etc. Several studies have been made on thin
films made up of metal oxides and their mixtures for their use in radiation dosimetry, sensing,
and memory cells. It is a well-known fact that the ionizing radiation produces changes in the
physical properties (such as optical, electrical, structural, etc.) of the material[12]. One of the
most promising applications of thin film solar cells is to work in the outer space, therefore it is
very important to investigate the influence of radiation on these films.

In this research, ZnO thin films are prepared by using chemical spray pyrolysis
technique once, and thermal evaporation technique in another time. All samples were exposed
to gamma ray form Cs'*’withenergy (0.611)MeV for different doses (0.15, 0.3 and 0.45) Gy.
The effect of two different preparation techniques on the structural and optical properties of
ZnO thin films before and after irradiation by (y — rays) at different doses was studied and
investigated.

Experimental

The first sets of Zinc oxide (ZnO) thin film samples are prepared by chemical spray
pyrolysis method, the solution of (Zin Acetate Dehydrate) Zn(CH3COO)2.H20 was prepared
in molarity (0.1) by diluted (2.195) gm of Zn(CH3COO)2.H20 in (100) ml water in
accordance with the following equation: [13]

M =Wt/ Mw). (1000/V) coooviiiiiiiii. (1)

Where M = molarity, Wt = weight of sample, Mwt = molecular weight, V = water volume.

The obtained solution is used to prepare (ZnO) films of thickness (300 £ 50) nm by
spraying the solution on preheated glass substrates at about (623)K which is measured by
using thermocouple type NiCr , the distance between sprayer nozzle and substrate of (25)cm,
these glass substrates are placed on the hot plate for about (25) min before the spraying
process, each spraying period lasts for about (15) sec followed by (2.5) min waiting period to
avoid excessive cooling of the hot substrate due to the spraying process, based on the
reaction:[14]
Zl’l(CH3 COO)2(solid near substrate) _)hea 4ZH(CH3COO) 2(gas near substrate) + H>O —adsorption
ZII40(CH3COO) 6(adsorbed/ substrate) + 2CH3COOH (gas near substrate) and T ZII40(CH3COO)6(adsorbed/
substrate) + 3H20 — 4Zn0O (film/ substrate) + 6CH3COOH(gas) 7.+ cvevvvenennnnnn. (2)

Another set of samples has been prepared in a high vacuum system of (3x10°) torr where
pure metal Zinc thin films deposited on glass substrate at Ts = (423)K, of thickness (300 + 50)
nm by thermal evaporation technique using Edward coating unit model (E 306), molybdenum
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boat was used to hold powdered samples, the distance between the substrate and boat was
about (15)cm. Then we get ZnO thin films by thermal oxidation processes with exist air flow
at temperature of (673) K for one hour by using (Kilns Furnaces).

The thickness of all samples prepared was determined by using weighing method using a
sensitive balance whose sensitivity is of the order (10%) gm, according to the following
relation: [15]

t=(M/Aa.P) i, 3)
Where t= thickness of film, m= mass of film, a= area of film, p= density of films.
Gamma ray form a disc-type Cs'*” source with an energy (0.611)MeV exposure to ZnO
films using different doses (0.15, 0.3 and 0.45) Gy.

The crystal structure characteristics of all samples before and after irradiation by (y —
rays) were measured with X-ray diffraction technique by recording the intensity in the range
of Bragg’s angle 0 from (20-80) using Siemens X-ray diffractometer system (SHIMADZU
Japan XRD 600), source Cu Kq radiation of wavelength (A=1.5405) A was employed with
generator setting of current (30) mA and voltage (40) kV. Transmittance (T) and absorbance
(A) measurements have been carried out for different samples in the range of wavelengths
(300-1100) nm using a double beam spectrophotometer (UV/VIS).

Results and Discussion

Structural Properties

Figure 1(a,b) shows X-ray diffraction pattern of Zinc oxide films prepared by chemical
spray pyrolysis method and thermal evaporation technique respectively, before and after
irradiation by Gamma dose (0.45) Gy. These figures show polycrystalline nature of the ZnO
films with hexagonal phase formation as compared with ASTM , the peaks are observed due
to diffraction from different planes with a preferred orientation (002) at around 34’ , and small
peaks belong also to ZnO phase with orientation at (101) and (100) direction. We can notice
from these figures similar plots are obtained before irradiation and after irradiation with
different preparation methods which show that no new peak is observed among the irradiated
samples in comparison with that of the control sample, unless simple shift in 26 position due
to the gamma rays is not capable of displacement of damage in structure directly indicating
that the film composition remains unchanged after radiation and structural properties are
weakly dependent on the gamma dose .

The grain size dimension (D) of the films could be calculated from diffraction line broadening
using the Scherrer equation: [16]
D=KkMBcosO ..o 4)

Where k is a constant (0.9), and f is full width half maximum (FWHM) of the preferential plane.
We can calculate the dislocation density (8) and strain () values from the equations: [17]

=1/ D% (5)
N=(BcosB)/ 4 ..o (6)

While the number of crystallites per unit surface area (N) was calculated using the formula: [17]
N =t/ D (7)

The observed d (hkl) values are in a good agreement with the standard values taken from
ASTM data[18], the relative percentage error for the observed and ASTM standard d-values
for crystalline ZnO thin films are calculated using the formula: [14]

Z1-Z
Relative percentage error = % X100 ............... (8)

where Z1 represents the actual d value obtained and Z is the standard d value in JCPDS card
file. All these parameters are shown in Table (1). The results obtained have shown that the
grain size increase while dislocation density , number of crystallites per unit surface area and
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strain values showed an opposite trend after irradiation, which demonstrated the improvement
of the crystallinity in the films with the increase of gamma dose.

Optical Properties

The influence of different gamma doses on the optical properties of ZnO thin films grown on
glass substrates by chemical spray pyrolysis method and thermal evaporation technique are
studied deeply. We measured the transmission and the absorption spectrum in the range (300-
1100) nm by using a double beam spectrophotometer (UV).

Fig.2 (a, b ) shows the plots of transmittance (T) as a function of wavelength for ZnO
thin films before and after irradiation, prepared by chemical spray pyrolysis method and
thermal evaporation technique respectively, from these figures we can notice that the
transmittance values increase generally as the wavelength increases and have high values in
the NIR region, all samples demonstrate (40-99) % transmittance at wavelengths longer than
400 nm which makes these films suitable for solar cell window. Also we can see from these
figures that the value of the transmittance of ZnO thin films decreased with the increase of
Gamma dose for all values of the wavelength due to the fact that when thin films are
prepared, some intrinsic defects are always present. The interaction of gamma radiation
induces defects during its passage through the thin film which results in a change in the order
at the micro structural level of the film. For small gamma doses, these thin films possess fine
uniform grains with no big pores which reduces the transmittance and increase
absorbance[12].Transmittance values are observed to be higher for the films prepared by
chemical spray pyrolysis method.

The incident photon energy (E=hv) was calculated as a function of wavelength ()
according to equation: [16]

E@V)=1240/N)cceeeiiiiiiniina.... (9)
The variation of absorption coefficient for each wavelength was calculated from equation:
[16]

a=2303 (A/t)cieiiiiiiiiiiiin. (10)
Where A = absorbance.

Fig.3 (a,b) shows a plot of the absorption coefficient (o) versus photon energy for two
sets of ZnO thin films as a function of irradiation dose, we can notice from these figures that
the absorption coefficient values increase with the increase of gamma dose within the whole
range of the spectrum, this behavior may be due to the changes in crystal structure of these
films after irradiation, improvement of the crystallinity in the films leads to the growth of
small grain and decrease of grain boundaries; the absorption is not attributed to the free
carriers only, but to impurities or localized electronic states. Also we can notice from these
figures that all the films have high values of absorption coefficient (o > 10* cm™) this means
that the direct transition possibly occurs. This result is in agreement with refs. [ 4,14 ]

Figure 4 (a,b) shows a plot of the relation (o hv)? versus photon energy (hv) to find the
type of the optical transition for all ZnO films prepared by chemical spray pyrolysis method
and thermal evaporation technique respectively before and after irradiation, which describes
the allowed direct transition and calculation of the optical energy gap (Eg°™) values from
Tauc formulas: [19]

(ahv)=B' (hv—Eg®™)" .........oooennnl. (11)

Where B' is a constant inversely proportional to amorphousity, (Eg®™) is the optical
energy gap ,r is constant depending on the material and the type of the optical transition, by
selecting the optimum linear part, which is determined by the extrapolation of the portion at
(o =0).It is clear from Fig. ( 5 ) that the optical energy gap values decrease when the
irradiation dose increased. This behavior can be attributed to generate extra energy levels after
irradiation between the valance and conduction bands. The value of the optical energy gap
agrees with refs. [ 4,14 ].
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The optical constants which include refractive index (n), extinction coefficient (k), and
dielectric constant (¢) for each wavelength in the range (300-1100) nm for all ZnO samples
prepared before and after irradiation are studied and investigated.

The refractive index value can be calculated from the formula: [20]

n={[4R/(R-1)] -k} —[(R+1)/ (R-D].cc0eevvririinn.n (12)
Where R is the reflectance which is calculated by using equation: [20]
R=1-T-A . (13)
The absorption coefficient (a) is related to extinction coefficient (k) by: [19]
K=aA/4mw ..coooviiiiiii (14)
The complex dielectric constant can be introduced by: [21]
E=EI1 € ot (15)
Where  e1=n%-K? ..., (16)
e2=2nk ... (17)

Where €1=real part of dielectric constant, €2 = imaginary part of dielectric constant.

Figures from ( 6 ) to ( 9 ) show the variation of these optical constants versus photon energy
(hv) for ZnO thin films prepared by chemical spray pyrolysis method and thermal evaporation
technique as a function of irradiation dose. We can see from these figures that all optical
constants increase with irradiation dose for the same reasons as we mentioned before. Also, it
is clear that the optical constants values for the samples prepared by thermal evaporation are
higher than the samples prepared by chemical spray pyrolysis method.
The optical conductivity () was calculated using the relation: [22]
O =ONC/ ATl e (18)

Where (c) is the velocity of light.

Figure 10(a,b) shows the variation of optical conductivity as a function of photon energy of
ZnO films before and after irradiation prepared by chemical spray pyrolysis method and
thermal evaporation technique respectively .We can notice from these figures that the optical
conductivity value increases after irradiated with gamma ray. This behavior is due to the
optical conductivity value which depends mainly on refractive index and absorption
coefficients according to equation (18).

Conclusion

Zn0O thin films were synthesized using two methods once by chemical spray pyrolysis
technique, and another by using thermal evaporation technique, the influence of Gamma dose
on the structural and optical properties of (ZnO) films has been investigated. XRD pattern for
all films prepared confirms the formation of ZnO phase with preferential orientation along
(002) plane and the film composition remains unchanged after radiation which indicates that
the structural properties are weakly dependent on the gamma dose. The crystallites sizes as
measured using XRD data are found to be in the range of (25— 27) nm for the samples
prepared by chemical spray pyrolysis while the samples prepared by thermal evaporation
technique are found to be in the range of(21— 23) nm. The grain size increases while
dislocation density,number of crystallites per unit surface area and strain values showed an
opposite trend after irradiation for all samples.

All films prepared have high values of absorption coefficient (a > 10* cm™) , the
absorbance values increase while the transmittance values decrease after irradiation, the
average transmittance is more than 70% for wavelengths in the (400-1100) nm range,
indicating these films have high transmittance in the NIR region, which makes it suitable for
use as a window material in photovoltaic application. The optical energy gap values decrease
when gamma dose increases, while the increase of gamma dose resulted increase values of all
optical constant (refractive index , absorption coefficient, extinction coefficient, real and
imaginary parts of the dielectric constant and optical conductivity). All optical properties for

11 | Physics



2015 ale (3) 22l 28 alall
Ibn Al-Haitham J. for Pure & Appl. Sci.

Aggalaill 948 pall o slall Ayl o) Alaa
VYol. 28 (3) 2015

the samples prepared by thermal evaporation technique are higher than the samples prepared
by chemical spray pyrolysis technique.
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Table (1): XRD results of ZnO thin films for the (002) preferred peak

Sample State d(A") d(A") Error% D (nm) n*103 | 8% 10 | N*10" (m?)
prepared (ASTM) | Observed (m?)
technique
chemical Before 2.6033 261118 3.027 25.727 1.347 15.11 1.7618
spray irradiation
pyrolysis 0.45 Gy 2.6033 2.61528 4.602 27.204 1.274 13.51 1.4901
thermal Before 2.6033 2.61197 3.33 21.639 1.602 21.36 2.9607
. irradiation
evaporation
0.45 Gy 2.6033 2.609422 2.352 23.921 1.449 17.48 2.1917
(002) : gj’sor;"i’rradiation - (002) ‘ : I;Ie‘:;rgirradiation
8 b
2 £ Y
5 ' g _——v-""“‘“—--) WV L._,__.__f___..__}\_......_.‘«____M____
T T T T T LuJ A -j‘h- -_—TJJ LL - e . - W y
20 30 40 50 60 70 80 20 30 40 50 60 70 80
26(degree) 20(degree)
(a) (b)

Figure (1): X-ray diffraction pattern of ZnO thin films before and after irradiation
(a) prepared by chemical spray pyrolysis, (b) prepared by thermal evaporation
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Figure (2): The variation of transmittance versus wavelength for ZnO thin films
(a) prepared by chemical spray pyrolysis , (b) prepared by thermal evaporation
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Figure (3): Absorption coefficient & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis , (b) prepared by thermal evaporation
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Figure (4):Variation (a hv)? & photon energy for ZnO thin films

(a) prepared by chemical spray pyrolysis , (b) prepared by thermal evaporation
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Figure (6): Variation refractive index & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis , (b) prepared by thermal evaporation
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Figure (7): Variation extinction coefficient & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis, (b) prepared by thermal evaporation
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Figure (8): Real part of dielectric constant & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis, (b) prepared by thermal evaporation
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Figure (9): Imaginary part of dielectric constant & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis, (b) prepared by thermal evaporation
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Figure (10): Optical conductivity & photon energy for ZnO thin films
(a) prepared by chemical spray pyrolysis , (b) prepared by thermal evaporation

16 | Physics




2015 ale (3) 22l 28 alall
Ibn Al-Haitham J. for Pure & Appl. Sci.

dapkill 548 pall o lall Syl o) Adaa
VYol. 28 (3) 2015
4 pad) 9 dawS Al ol i) 8 LalS dally pail) il
433 1 ZnO iy

Al guun (BIS 5 5
i s / (el ol Y ol o sl Bl S/ ol 3l

2015 554312 A J@ 2015 Olninld:d aliad
Ladal)
8aaly (il ylay 5 pemnall i) 38 3 (ZnO) il auSl pde Y &y peadl s LS 5l LS Cy sl
LalS dasly il aay s J (sl all pdl) 48 5k Jleninls A5 (s1al) Sl (i A8 e Jleninly
@ @ilSy (0.15,0.3 and 0.45) Gy 4dlise deled) gm0 (0.611) MeV &lay  (Cs')  Hrias s
il sl dgs il paibadll alag¥ XRD claxiul 5 (300 + 50) nm lewy iy ylall DS 5 jiasal) Lp2e )
Ols (002) olaidl Agdiadly [ lill saaie (€ i wanill aayy Ji i ) S 5 sl Filaill gl )
S 3 _amaall (Zn0) ey o i eail) clul@l) Ciiny | plad¥l de ja e alaieY) ALE LS il Gailiadll
el e By poad) cul i) & selal Loty gLt de s 530 50 Aale 5 ) sy Lo (Ji55 5 yilsa 4ila 5 58 (36 5Ll
& gl 4 puall Aol il 5 ad) Adall 40 ja Sl 5eSI J el G5 0 edd) Jalaa 5 JLuSV) Jaloa 5 paliaial!
Al il 48yl 5 jeianal) g 3laill Ay jeaid) (ailadll ¢ yelil s, g ladY) de ja 834 agad il 3 (uSlas
oAl (Sl (5l A5 s 8 pmaall il (e Sle) a8

Ll Girl oy ) i) in€ Al ailadd) ¢ ol 51 0 o dude ) —: dsalidall culalsl)

17 | Physics



