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 XI Abstract 

Abstract 

 

“Effect of Radiation and Doping on the Structure and Physical 

Properties of Some Oxide Materials” 

Soraya Mohamed Abd Elhaleem 

Physics Department, Faculty of Science, Helwan University 

 

Metal oxides thin films are used for applications in 

microelectronic devices, light emitting diodes, thin film, antireflection 

coatings, transparent electrodes in solar cell, gas sensors, surface acoustic 

wave devices, and lasers. In recent years, Zinc oxide (ZnO) films have 

been extensively studied because they exhibit high mobility, optical 

transparency, and electrical conductivity and have a lower material cost. 

ZnO films were prepared by home-made spray pyrolysis 

technique on preheated glass substrates. The effect of deposition 

parameters such as solution concentration, substrate temperature, spray 

time and doping level on structural, optical and electrical properties of 

ZnO films was investigated. The thickness of the films was measured by 

stylus profilometer. The structural analysis was studied by X-ray 

diffraction (XRD) while optical transmittance in the wavelength range 

(300 – 800 nm) was measured by double beam spectrophotometer. For 

electrical measurements (two- point probe) technique was used, resistance 

was measured as a function of temperature, in the range from room 

temperature to 70 °C. According to the structural analysis, X-ray 

diffraction (XRD) patterns showed that the deposited ZnO films were 

polycrystalline with highly preferred orientation along [002] and the 

crystal lattice was found to be hexagonal. The values of lattice constants, 

crystallite size, microstrain and dislocation density of all samples were 

calculated. In addition, the UV-VIS spectroscopy showed high 

transparency of ZnO films in the visible region. An optimization of the 

films has been carried out to determine the proper preparation conditions. 

Under variation of all of preparation conditions, all films were 



 XII Abstract 

polycrystalline, and fit well with the hexagonal (wurtzite) structure, with 

preferred orientation along (002) plane. It was found that the optimum 

preparation conditions are solution concentration 0.2 M, substrate 

temperature 500 ºC and spray time 15 min. The film prepared under these 

conditions has the higher crystallinity and the least internal microstrain as 

well as high transparency in the visible region. 

Magnesium doped zinc oxide thin film were prepared with 

considering the optimum preparation conditions, the Mg concentration 

was varied from 0 – 20 at. %. It was found that all samples are single 

phase polycrystalline with preferred orientation along (002) plane. As the 

Mg dopants concentration was increased; the optical energy band gap and 

resistivity were found to increase, while the crystallite size decreases.  

Finally the effect of gamma irradiation was studied, on undoped and Mg 

doped ZnO; it was found that the energy gap decreased with increasing 

the gamma radiation dose; while the crystallite size was increased with 

increasing the gamma radiation dose. 

 

Keywords: Metal Oxides, Spray Pyrolysis, Optical Energy Band Gap, 

ZnO, Magnesium-doped ZnO, Gamma Irradiation. 

 



 1 Introduction and Literature Survey 

1. Introduction and Literature Survey: 

1.1.  Zinc Oxide: A Brief History: 

Zinc Oxide (ZnO) is one of the most important group II-VI 

semiconductor materials. It is a wide-band gap n-type semiconductor with 

a direct energy gap of about 3.37 eV at room temperature.  It has high 

chemical and mechanical stability, together with non-toxicity and high 

abundance on earth [Prasada Rao and Santhoshkumar, 2009].  

 ZnO is a semiconductor having a unique semiconducting, 

photoconducting, piezoelectric and optical properties. This combination 

of properties makes ZnO films attractive and have many potential 

applications such as solar cells, displays, sensors, photodetectors, light 

emitting diodes, laser systems, solar window layers, surface acoustic 

wave devices, bulk acoustic-wave devices, short-wavelength 

semiconductor diode lasers, and more [Hill, 2010].  

 

 

1.2. Some Important properties of ZnO: 

ZnO crystallizes in three forms – hexagonal Wurtzite, zincblende 

and cubic rock salt (see Fig. (1.1)). The predominant form is hexagonal 

Wurtzite since this structure is the most stable at ambient temperature and 

pressure [Hill, 2010]. Zinc oxide crystals exhibit several typical surface 

orientations. To achieve transparency and good conductivity the preferred 

crystal growth is in the (002) plane where atomic density is highest. The 

physical properties of ZnO semiconductors are presented in Table (1.1). 
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(a)                                                (b)                                                            

             

  
(c) 

Figure (1.1): Zinc oxide crystal structures: 

(a) Wurtzite, (b) Rock Salt, (c) zinc blende. 

  

Table (1.1): Physical properties of wurtzite ZnO 

 

 

Properties Values 

Lattice constants: 

a 

 

3.4296 Å 

c 5.2096 Å 

Energy gap 3.37 eV, direct 

Density 5.6 g/cm³ 

Melting point 1975  

  Stable phase Wurtzite Wurtzite 

Refractive index 2.008 - 2.029 
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Growth technique played a significant role in controlling the 

properties of ZnO films, because the same material deposited using two 

different techniques, usually show different physical properties. This was 

due to the fact that the electrical and optical properties of the films 

strongly depended on the structure; morphology and the nature of 

impurities present [Vimalkumar, 2011]. 

Zinc Oxide was prepared by many techniques such as spray 

pyrolysis [Goyal and Kachhwaha, 2012; Bacaksiz et al., 2008; Ashour, 

2006; Kortidis et al., 2009] sol-gel coatings [Tsay et al., 2010; Çopuroğlu 

et al., 2009], pulsed laser deposition [Bilkova et al., 2006], R.F. 

magnetron-sputtering [Yau et al., 2011] and thermal evaporation [Fouad 

et al., 2006]. The spray pyrolysis is of great importance in preparation of 

ZnO thin films, since it is economic, simple and fast deposition method 

that can be used also for large scale applications. The films grown using 

any particular technique might have different properties due to the 

variation of various deposition parameters and hence the properties can be 

tailored by controlling the deposition parameters. Solution concentration, 

substrate temperature and spray time are among the deposition parameters 

that were varied in our study to achieve the optimum sprayed ZnO thin 

film and hence improve its performance. 

 

1.3. Structure characterization: 

Upon crystallization, Shinde et al., [2007] reported that the ZnO 

films were oriented along [002] with the hexagonal crystal structure, With 

the increase in molar concentration of zinc nitrate solutions from 0.1 to 

0.2 M, the grain size and grain density increased. As the spray solution 

concentration was increased, the intensity of (002) plane increased and 

(101) plane decreased evidently up to 0.1 M and vice versa Some weak 

reflections such as (100) and (110)  were also observed. With the increase 

in molarity from 0.1 to 002 M, the average crystallite size of the ZnO thin 

films was varied from 95–115 nm, and an increase in the intensity of the 

peak (002) was observed [Zaier et al., 2009] observed. Another peak of 
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low intensity at 2θ = 36.841, which corresponds to (101) plane, was 

appeared in films prepared with 0.3M [Shinde et al., 2012]. 

At substrate temperatures below 200 ˚C, no evidence of a ZnO 

crystalline phase was observed. In the temperature range between 220 and 

320 ˚C, peaks corresponding to the hexagonal structure of ZnO were 

detected. At a substrate temperature of 280 ˚C, the (002) peak 

predominates indicating a preferential crystalline orientation along the c-

axis perpendicular to the film surface. At temperatures higher than        

320 ˚C, XRD patterns showed a powder-like pattern with no preferred 

orientation [Ayouchi et al., 2003]. Zaier et al., [2009] showed that the 

films deposited at 250, 350 and 450 ˚C were polycrystalline with (002) 

plane as preferential orientation. It was observed that the intensity of the 

(002) peak increases with temperature until 350 ˚C, where it passes by a 

maximum and decreases with further increase in substrate temperature. In 

addition the intensity of (002) orientation is weak for the films grown at 

300 ˚C, but it increases with increasing substrate temperature to 350 ˚C. 

However, the intensity decreases when ZnO is deposited at 400 ˚C. As the 

substrate temperature increases from 300 to 350 ˚C, the FWHM decreases 

from 0.26 to 0.24˚ .On a further increase in substrate temperature to 

400˚C, the FWHM gradually increases to 0.28˚, thus, it was investigated  

that 350 ˚C is an optimum temperature with minimum disorder for ZnO 

films [Benramache and Benhaoua, 2012]. For deposition temperatures 

higher than 317 ˚C the film grows preferentially with the (002) plane 

parallel to the substrate surface, i.e. it is c-axis oriented, with a FWHM 

between 0.23 and 0.36. The effect of substrate temperature on the grain 

size was investigated; it was found that the grain size is almost constant, 

with a little tendency to decrease with the increase of substrate 

temperature [Paraguay et al., 1999].  

The relation between the deposition time and the grain size was studied. It 

was observed that the films were polycrystalline with a hexagonal 

(wurtzite) structure, the grain size increased with deposition time [Zaleta-
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Alejandre et al., 2012]. Also it is found that as the deposition time was 

increased, the thickness and the grain size were increased, and the strain 

within films decreased [Prasada Rao and Santhoshkumar, 2009]. 

1.4. Optical properties: 

As the concentration of sprayed solution was increased the 

transmittance reached to maximum value at 0.1 M of sprayed solution, 

and then decreased for further increase in concentration. The films 

showed moderate optical transmittance between 60% and 80% at 550 nm 

[Shinde et al., 2012]. The UV–vis spectroscopy confirmed the possibility 

of good transparent ZnO thin films deposition with an average 

transmission of about 85% in the visible region [Zaier et al., 2009]. The 

optical measurements had shown an increase in the transmission with a 

decrease in the molarity. 

The effect of the substrate temperature on the transmission was 

investigated, [Zaier et al., 2009], an increase in the transmission T (%) 

with the increase in the substrate temperature was observed. Benramache 

and Benhaoua [2012] found that the optical transmittance spectra showed 

transmittance higher than 80% within the visible wavelength region. Also 

the film transparency was found to decrease with the increase in the film 

thickness (increase in spray time) [Prasada Rao and Santhoshkumar, 

2009]. 

 

1.5.  Doping Level: Magnesium Doped Zinc Oxide: 

Doping of a semiconductor is defined as the addition of a small 

percentage of foreign atoms in its regular crystal lattice with the intent of 

producing dramatic changes in its properties (when large percentages are 

involved this process is referred to as alloying) [Ganesan, 2006]. Zinc 

oxide thin films are multifunctional materials which can be used in many 

applications; doping of ZnO films not only improves their electrical and 

optical properties, but also makes them highly stable. For example, ZnO 

thin films doped with Al, Ga, In or Tin show lower resistivity [Patil et al., 
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2012], while ZnO thin films doped with Mg and Cd exhibit the wider and 

narrower optical band gaps [Shin et al., 2006], respectively. 

Till date, Mg is the most popular dopant material as the ionic radii 

of Mg
2+

 and Zn
2+ 

are nearly equal and so, this resulted in a very little 

lattice distortion when Zn ion is replaced by Mg ion [Salina et al., 2012]. 

 (ZMO) thin films have emerged as one of the important 

compound semiconductor due to its tunable band gap from 3.37 to 6.7 eV 

depending upon the Mg content (0.0 ≤ x ≤ 0.9).  

ZnO has wurtzite crystalline structure, while MgO has NaCl-type cubic 

structure with a wider band gap. Due to structural dissimilarity between 

ZnO and MgO, ZMO alloys are either hexagonal (x ≤ 0.4) or cubic (x 

0.5) crystals [Kaur and Kaushal, 2009]. 

XRD analysis showed that the pure ZnO films were 

polycrystalline with preferred orientation (100). Zn1-xMgxO became 

amorphous with increase in Mg concentration. The grain size ranges from 

27.43 nm (pure ZnO) to 17.18 nm Zn1-xMgxO  [Boshta et al., 2010]. 

Kaushal et al., [2009] has reported that with increasing Mg content 

greater than 70 mol %; the structural transition from hexagonal to cubic 

phase has been observed. The films with Mg content, x≤0.5, show highly 

intense (002) diffraction peak along with (101) peak. The crystallite size 

was found to decrease from 33.5 nm to 23.6 nm with corresponding 

increase in Mg content from x=0 to x=0.9. The evaluated c-axis lattice 

constant decreased monotonically from 5.218 Å to 5.138 Å with increase 

in Mg content, x in the range, 0–0.9. 

Zhang et al., [2005] reported that all the Zn1-xMgxO thin films maintained 

the ZnO wurtzite structure and had no impurity phase, even for the Mg 

content up to x =0.27. The intensity of (002) peaks becomes weaker 

whereas (101) peaks become more intense as the Mg content increases. 

The a-axis lengths monotonically increased when increasing Mg content 

from 0.06 to 0.27, while the c-axis lengths monotonically decreased. 
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Benzarouk et al., [2012] observed that the peak (002) was shifted towards 

higher 2θ values for Mg doped ZnO; the grain size has values 64, 61.13, 

69.33 nm for Mg content 20, 30, 40 % respectively.  

Reddy et al., [2009] found that the layers with x= 0.24 (Mg 

content) had an optical band gap, Eg = 3.87 eV.  

Kaushal et al., [2009] observed that transmission increased as Mg content 

was increased. The value of Eg was found to increase from 3.58 eV to 

6.16 eV with corresponding increase in Mg content from x=0.0 to x=0.9. 

For all the films, the average transmission in the visible wavelength 

region (λ =400–800 nm) was over 85% [Zhang et al., 2005]  The optical 

energy band gap of Zn1-xMgxO thin films, measured from transmittance 

spectra, could be controlled between 3.29 and 3.58 eV by adjusting Mg 

contents from x=0.06 to x=0.27. 

Boshta et al. [2010] has reported that the optical band gap of Zn1-xMgxO 

changes from 3.26 to 3.59 eV with increasing Mg content from x=0 to 

x=0.3. 

Huang et al., [2012] observed that the resistivity of the ZnO thin films 

increased with increasing of Mg concentration. Zn1-xMgxO films showed 

a high resistivity of 10
5
-10

6
 W cm, while the activation energy evaluated 

from the slopes of the plots of lnσ vs T
−1

 increased from 0.224 eV to 

0.683 eV with the increase of Mg-concentration in the film [Reddy et al., 

2009].  

Kaushal and Kaur, [2009] reported an initial increase in resistivity 

with corresponding increase in Mg content (x=0.2), a sudden decrease 

occur in resistivity with the increase of Mg content from x= 0.2 to x = 0.3, 

and, thereafter, a small increase in resistivity with increase in Mg content.  

[Bangale and Bamane, 2011] found that the conductivities of ZnMgO 

films increased with an increase in operating temperature. 
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1.6. Effect of radiation: 

Alarcón et al., [2011] reported that the ZnO irradiated samples were 

oriented along (002) plane with the hexagonal crystal structure, the (002) 

intense has reached the maximum value at 20 KGy, this also correlated 

with the lower optical transmittance at 500 nm. The grain size for ZnO 

samples irradiated by 0 KGy to 100 KGy for these samples ranged from 

35 to 45 nm without any discernible trend. 

Mohanty et al., [2007] reported that the crystallite size increases with 

increasing radiation doses. Maity and Sharma, [2011]; Alwan, [2011] 

observed that the energy gap was decreased with increasing of radiation 

doses. 

 

1.7. Applications: 

  There has been huge interest in wide band gap semiconductors for 

the commercialization of efficient and short wavelength light emitting 

devices. Now the most attention is focused on the zinc oxide due to its 

potential applications in optoelectronics technology such as laser diodes 

and light emitting diodes. It is a semiconductor material having wide band 

gap energy of about 3.3 eV and excitonic binding energy of 60 meV 

[Aslan et al., 2004]. 

It has wide range of technological applications such as transparent 

conducting electrodes [Zhao et al., 2005] in solar cells and flat panel 

displays, surface acoustic wave devices and chemical sensors. 

Recently ZnO alloys are of a great interest due to its ease of doping 

mechanism for the formation of ternary alloys. Moreover, alloying ZnO 

films with MgO potentially permits the band gap to be tailored [Samuel et 

al., 2006]. 

Yamada et al., [2004], Minemoto et al. [2003] and Tanaka et al. [2009] 

reported that with band gap tunability, MgxZn1_xO is used as a window 

layer in Cu(In,Ga)Se2 (CIGS) solar cells to tune the conduction band 

offset for improved device performance. 

http://www.sciencedirect.com/science/article/pii/S0927024804000807
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The heterojunction [Bhole et al., 2008] constructed using 

ZnO/MgZnO realizes the double confinement actions for electrons and 

photons in optoelectronic devices. For this purpose, modulation of the 

band gap while keeping the lattice constants similar to each other is 

essential. Due to the similarity (very small difference) in the ionic radius 

of Mg (0.57Å) and Zn (0.6Å) [Zhao et al., 2003], it forms effective 

heterostructure of ZnO/MgZnO. 

Mg- doped ZnO film has been presented for surface acoustic wave 

(SAW) devices applications [Emanetoglu et al., 2003]. Sonawane et al. 

[2010] discussed the optimization of cladding layer of MgZnO to form 

efficient and effective hetrostructures for the optical waveguide 

applications. 

 

1.8. Aim of the work: 

Zinc oxide (ZnO) is a II-IV wide band gap semiconductor and its 

tunable band gap promotes the research of its doping with other ions. 

Modulation of the band gap of ZnO, while keeping its wurtzite hexagonal 

crystal structure, is very essential for many applications. Usually, doping 

and radiation affects the energy gap, however, role of doping on 

irradiation response and their dependence still needs more investigations. 

The present work aims to study the effect of magnesium doping on the 

electrical conductivity  and structure of ZnO thin film prepared by spray 

pyrolysis technique as well as the mutual effect of doping and gamma 

irradiation on the energy gap. Thus, the dependence of radiation sensing 

on the doping level will be considered in order to identify the influence of 

doping on the radiation effect. To reach this goal, structural characteristics 

as well as electrical and optical properties will be studied and the results 

will be integrated. 

Thus, the study includes: 

1- Optimization of preparation parameters (solution concentration, 

substrate temperature and spray time) to form single phase of ZnO 

thin film without any impurity phases. 
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2- Studying the effect of Mg doping on the structural, optical and 

electrical properties of ZnO thin films.  

3- Studying the effect of gamma irradiation on ZnO and Mg doped ZnO 

films to investigate the structural and optical changes due to 

radiation. 

4- Investigate the correlation between doping and gamma irradiation 

effects on ZnO films. 

 

To achieve the goal, structural study using X-ray diffraction analysis and 

measurements of electrical and optical properties will be performed. 
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2. Theoretical Background: 

2.1 Introduction: 

Metal oxides play a very important role in many areas of 

chemistry, physics and materials science. The metal elements are able to 

form a large diversity of oxide compounds. These can adopt a vast 

number of structural geometries with an electronic structure that can 

exhibit metallic, semiconductor or insulator character. In technological 

applications, oxides are used in the fabrication of microelectronic circuits, 

sensors, piezoelectric devices, fuel cells, coatings for the passivation of 

surfaces against corrosion, and as catalysts [Rodríguez and García, 2007]. 

The oxide minerals are formed when metals combine with oxygen. They 

may be subdivided into two types, simple and multiple. The simple oxides 

are compounds of one metal and oxygen. Though the ratio of metal to 

oxygen may vary, their general formulas are of the sort XO, X2O, and 

X2O3, where X stands for a metal and O is oxygen. An example is the 

copper oxide cuprite, which has the formula Cu2O. One complication 

arises from the fact that, quite often, one metal atom will substitute for 

another in the same position in the crystal structure- this is indicated by 

grouping these metals together inside parentheses, such as (X,Y)O, where 

X and Y are two different metals. Such a mineral is still a simple oxide. 

An example of this sort is zincite, or (Zn,Mn)O. The multiple oxides 

contain more than one metal along with oxygen, and have the general 

formula XY2O4. Here, the two metals X and Y occupy different types of 

positions (called different sites) in the crystal structure; for example: 

MgAl2O4. One fairly common multiple oxide, magnetite, seems like an 

exception to this rule at first, because its formula is Fe3O4, which looks 

like the formula for a simple oxide. In this case, however, the iron atoms 

occupy two different sites in the structure and exists as both ferric (Fe
3+

) 

iron and ferrous (Fe
2+

) iron, so that the given formula is really a 

contraction for Fe
3+

( Fe
2+

,Fe
3+

)2O4. 

 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Jos%C3%A9+A.+Rodr%C3%ADguez%22
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Marcos+Fern%C3%A1ndez+Garc%C3%ADa%22
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The transition metals combine with other elements to form 

compounds which range in chemical bonding from ionic (oxides), 

through covalent (sulfides, arsenides) to metallic (carbides, nitrides) 

[Hannay, 1959]. Therefore it is important to study the bonds in oxide 

materials. 

 

2.2 Bond Description in Oxide Materials:  

 An ionic bond is a chemical bond formed by the electrostatic 

attraction between positive and negative ions [Ebbing and Gammon, 

2009a]. Ionic Bonds are usually formed between atoms which differ in 

electro- negativity. It is formed between an atom with low Ionization 

Energy (IE) -usually a metal which lose one or more electrons forming 

cation like elements of group IA and IIA- and another atom with high 

Electron Affinity (EA) -usually a nonmetal which can accept one or more 

electrons forming anion like group VIIA. The electron transfer takes place 

in ionic bond formation between the atoms in order that each atom attains 

the noble gas configuration which is the most stable configuration. 

For example, magnesium generally loses two electrons from its 3s subshell 

to look like the“neon” core: 


 eMgMg
NeSNe

2
2

][3][ 2
 

  Transition metals also lose electrons from the valence shell first, which 

may not be the last subshell to fill; for example, zinc generally loses two 

electrons from its 4s subshell to adopt a “pseudo”-noble gas configuration: 

 
 eZnZn

dArdSAr
2

10102 3][34][
 

 

 

 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Darrell+D.+Ebbing%22
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Steven+D.+Gammon%22
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The ionic radius is a measure of the size of the spherical region 

around the nucleus of an ion within which the electrons are most likely to 

be found [Ebbing and Gammon, 2009b].  

A cation formed when an atom loses all its valence electron(s) is smaller 

than the atom because it has one less shell of electrons. But even when 

only some of the valence electrons are lost from an atom, the ion is 

smaller. With fewer electrons in the valence orbitals, the electron–

electron repulsion is initially less, so these orbitals can shrink   to increase 

the attraction of the electrons for the nucleus. Similarly because an anion 

has more electrons than the atom, the electron-electron repulsion is 

greater so the valence orbitals expand, thus the anion radius is larger than 

the atomic radius. In the periodic table, ionic radii increase (see Fig. (2.1)) 

down any group because of the additional electron shells, thus, for 

example, Sr
2+

 > Ca
2+

 > Mg
2+

. Across a period the cations decrease in 

radius. When you reach the anions, there is an abrupt increase in radius 

followed by decrease.  

  

Covalent bond is formed between elements with much closed 

electro-negativity, usually two or more nonmetals. Each nonmetal holds 

onto its own e
-
 tightly (high ionization energy) and tends to attract other e

-
 

as well (high EA). The attraction of each nucleus for the valence e
-
 of 

other atoms draws atoms together. A shared pair of electrons is 

considered to be localized between the two atoms (because the e- spends 

most of their time there). In the covalent bond, as the distance between 

the nuclei decreases, each nucleus starts to attract the other atom's 

electrons, which lowers the potential energy of the system. Anyways, 

when the attractions increases, the repulsions between the nuclei and 

between the electrons increase as well. In covalent bonding, each atom 

achieves a full outer (valence) level of electrons. Each atom in a covalent 

bond counts the shared electrons as belonging entirely to itself. Most 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Darrell+D.+Ebbing%22
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Steven+D.+Gammon%22
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covalent substances have low electrical conductivity because electrons are 

localized and ions are absent. 

 

 
 

Figure (2.1): Ionic radii vs. Atomic radii: The ionic radii are shown on the 

left, while the atomic radii are shown on the right. 

 

 

 

2.3 Band Theory of Solids: 

When atoms combine to form substances, the outermost shells, 

subshells, and orbitals merge, providing a greater number of available 

energy levels for electrons to assume. When large numbers of atoms exist 

in close proximity to each other, these available energy levels form a 

nearly continuous band wherein electrons may transition [Asthana et al, 

2006].  

 

 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Rajiv+Asthana%22&source=gbs_metadata_r&cad=11
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Figure (2.2): Electron band overlap in metallic elements. 

 

 

It is the width of these bands and their proximity to existing electrons that 

determines how mobile those electrons will be when exposed to an 

electric field. In metallic substances, empty bands overlap with bands 

containing electrons, meaning that electrons may move to what would 

normally be (in the case of a single atom) a higher-level state with little or 

no additional energy imparted. Thus, the outer electrons are said to be 

"free," and ready to move at the beckoning of an electric field.  

Band overlap will not occur in all substances, no matter how many atoms 

are in close proximity to each other. In some substances, a substantial gap 

remains between the highest band containing electrons (the so-called 

valence band) and the next band, which is empty (the so-called 

conduction band). As a result, valence electrons are "bound" to their 

constituent atoms and cannot become mobile within the substance without 

a significant amount of imparted energy. These substances are electrical 

insulators.  
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Figure (2.3): Electron band separation in insulating substances. 

 

 

Materials that fall within the category of semiconductors have a narrow 

gap between the valence and conduction bands. Thus, the amount of 

energy required to motivate a valence electron into the conduction band 

where it becomes mobile is quite modest. 

 

 
Figure (2.4): Electron band separation in semiconducting substances. 

 

 

At low temperatures, there is little thermal energy available to push 

valence electrons across this gap, and the semiconducting material acts as 

an insulator. At higher temperatures, though, the ambient thermal energy 
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becomes sufficient to force electrons across the gap, and the material will 

conduct electricity.  

It is difficult to predict the conductive properties of a substance by 

examining the electron configurations of its constituent atoms. While it is 

true that the best metallic conductors of electricity (silver, copper, and 

gold) all have outer s subshells with a single electron, the relationship 

between conductivity and valence electron count is not necessarily 

consistent. 

 

2.4. Thin Film Technology:  

A solid material is said to be in thin film form when it is built up 

as a thin layer on a solid support, called substrate, by controlled 

condensation of the individual atomic, molecular, or ionic species, either 

directly by a physical process, or via a chemical and / or electrochemical 

reaction. Since individual atomic, molecular, or ionic species of matter 

may exist either in the vapor or in the liquid phase, the techniques of thin 

film deposition can be broadly classified under two main categories: (1) 

vapor phase deposition and (2) liquid-phase /solution deposition. Films 

prepared by direct application of a dispersion or a paste of the material on 

a substrate , and letting it dry , are called irrespective of their thickness , 

thick films and have characteristically different from those of the thin 

films. 

In thin films, deviations from the properties of the corresponding bulk 

materials arise because of their small thickness, large surface-to-volume 

ratio, and unique physical structure which is a direct consequence of the 

growth process. [Chopra and Kaur, 1983] 

 

 Thin Film Growth Process: 

  Any thin film deposition process involves three main steps: (1) 

production of appropriate atomic, molecular or ionic species, (2) their 

transport to the substrate through a medium and (3) condensation on the 
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substrate, either directly or via a chemical and/or electrochemical 

reaction, to form a solid deposit. Formation of a thin film takes place via 

nucleation and growth processes. The general picture of the step-by-step 

growth process emerging out of the various experimental and theoretical 

studies can be presented as follows [Chopra and Kaur, 1983]: 

1. The unit species, on impinging the substrate, lose their velocity 

component normal to the substrate (provided the incident energy is not 

too high) and are physically adsorbed on the substrate surface. 

2. The adsorbed species are not initially in thermal equilibrium with the 

substrate and move over the substrate surface. In this process they interact 

among themselves, forming bigger clusters. 

3. The clusters or the nuclei, as they are called, are thermodynamically 

unstable and tend to desorb in a time depending on the deposition 

parameters. If the deposition parameters are such that a cluster collides 

with other adsorbed species before getting desorbed, it starts growing in 

size. After a certain critical size is reached, the cluster becomes 

thermodynamically stable and nucleation barrier is said to have been 

overcomes. This step involving the formation of stable, chemisorbed; 

critical-sized nuclei is called nucleation stage.  

4. The critical nuclei grow in number as well as in size until a saturation 

nucleation density reached. The nucleation density and the average 

nucleus size depend on a number of parameters such as the energy of the 

impinging species, the rate of impingement, the activation energies of 

adsorption, desorption and thermal diffusion, and the temperature, 

topography, and chemical nature of the substrate. A nucleus can grow 

both parallel to the substrate by surface diffusion of the adsorbed species, 

as well as perpendicular to it by direct impingement of the incident 

species. In general, however, the rate of lateral growth at this stage is 

much higher than the perpendicular growth. The grown nuclei are called 

islands. 
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5. The next stage in the process of film formation is the coalescence stage, 

in which the small islands start coalescing with each other in an attempt to 

reduce the surface area. This tendency to form bigger islands is termed 

agglomeration and is enhanced by increasing the surface mobility of the 

adsorbed species, as for example, by increasing the substrate temperature. 

In some cases, formation of new nuclei may occur on the areas freshly 

exposed as a consequence of coalescence. 

6. Larger islands grow together, leaving channels and holes of uncovered 

substrate. The structure of the films at this stage changes from 

discontinuous island type to porous network type. A completely 

continuous film is formed by filling of the channels and holes. 

The growth process may be summarized as consisting of a statistical 

process of nucleation, surface-diffusion controlled growth of the three-

dimensional nuclei and formation of a network structure then its 

subsequent filling to give a continuous film. Depending on the 

thermodynamic parameters of the deposit and the substrate surface, the 

initial nucleation and growth stages may be described as of (a) island 

type, (b) layer type, and (c) mixed type (called Stranski-Krastanov type). 

This is illustrated in Fig. (2.5). In almost all practical cases, the growth 

takes place by island formation. 

 

Figure (2.5): Basic growth processes: (a) island, (b) layer-by-layer, and 

(c) Stranski-Krastanov type. 
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2.5. Structural Analysis and X-ray Diffraction: 

   Considerable information about the “Structural characteristics” of the 

materials, either crystalline or amorphous, can be estimated by X-ray 

diffraction (XRD) studies. A diffractogram of a crystalline material 

depends on the shape and type of the unit cell as well as the nature and 

location of the atoms in the cell. 

 
2.5.1. Line Profile Analysis: 

2.5.1.1. Profile Shape and Breadth: 

From the positions and intensities of a diffraction pattern, 

information about the shape and size of the unit cell and the atomic 

arrangement can be extracted. Also, more information about the 

microcrystalline properties of the materials (structural imperfections) is 

incorporated into the profile shape and width. The combined effects of a 

number of instrumental and physical factors usually results in a broad 

diffraction line profile.  

 Sherrer [1918] defined the pure diffraction line breadth of the peak 

as the full angular width at half maximum intensity (FWHM), .  

Referring to Fig. (2.6), the FWHM is given as: 

  

() = 2w = w1+w2                                                           (2.1) 

      

If w1w2, the line is asymmetric and the ratio (w2/w1) or the difference 

(w2-w1) can be used as a measure for “skewness”, i.e. the asymmetry. 

An alternative measure of breadth, with considerable theoretical 

advantages, is the integral breadth, . It is defined as the integrated 

intensity (peak area) of the diffraction profile divided by the maximum 

peak height Imax, thus: 

 

                                         )2()2(
1

max

 dI
I

                       (2.2)  
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So, it is the width of a rectangle having the same peak height and area of 

the diffraction line as sketched in Fig. (2.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.6): Sketch of shape and breadth parameters. 

 

The profile of the observed pattern, h (2), is the convolution of that is 

specific to the microstructure characteristics of the material, f (2), with 

the instrumental profile, g (2), which is the contribution of different 

aberration functions including the wavelength distribution and some 

geometrical effects. Then: 
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                             (2.3) 

 

A) Profile Fitting (Pattern Decomposition): 

For pattern decomposition, an analytical function is normally used 

to model the individual line profile. Thus, the primary objective of profile 

fitting is to fit a numerical function to a measured diffraction line. 
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The line-profile shape can be presented by different formula (peak-shape 

function) characterized by specific parameters vary from pure Gaussian to 

pure Lorentzian, Cauchy, profile. These functions are of considerable 

interest for its potential ability to: (1) allow for separation of instrumental 

and specimen contributions to the diffracted line profile and (2) model 

size and strain simultaneously. 

i) Voigt: 

 This function is analytical convolution product of  Lorentezian 

and Gaussian functions  (Langford, 1978), thus 

 

                          

 







dx)x2(G)x(LI

G*L)2(I

GL

o

                (2.4) 

 

where L and G are the Lorentezian and Gaussian components of the 

integral breadths, respectively, and Io is the maximum intensity value. The 

Voigt function can be calculated numerically using the complex error 

function. A parameter of interest with the Voigt function is the shape 

parameter  

 

                             =FWHM ()/integral breadth ().               (2.5) 

 

For the Lorentezian function, =2/=0.6366 while for the Gaussian one 

=2(ln2/)
1/2

=0.9395 and Voigt function has values ranging between 

those limits.   

 

 

(ii) Pseudo-Voigt: 

 This function [Hastings et al., 1984; Cox et al., 1988] is 

analytical mixing of Lorentezian and Gaussian functions, thus 

                    I(x) = Io[L+(1-)G] 
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        = Io[(1+x
2
/wL

2
)
-1

+(1-)exp-(ln2x
2
/wG

2
)]    (2.6) 

 

where  is the mixing parameter, x = 2 and the index  ranges from 1 

for pure Lorentezian to zero for pure Gaussian profile. 

(iii) Pearson VII: 

This function (Howard et al., 1983) is given as: 

 

                    I(x) = Io/(1+cx
2
)

m
                             (2.7)

                  
 

 

where c = (2
1/m

-1)/w
2
 and w = 1/2. The profile shape parameter m 

(Pearson VII index) ranges from 1 for Lorentezian to  for Gaussian 

profile. 

 

 

B)  Instrumental line broadening: 

The shape and breadth of line profiles due to instrumental aberration can 

be modeled by using a suitable standard to get the “resolution function” 

of the instrument. The breadth increases with considerable broadening at 

high 2-angles. The geometric aberrations are dominated at 2low 

angles and the spectral dispersion at high angles. 

 

C) Microstructure broadening: 

Line broadening due to the microstructure of the material contains two 

different contributions: 

i- Strain broadening: 

It represents the variation in separation of planes in a direction parallel to 

the scattering diffraction vector. This is the residual internal micro-strain. 

It is a non-uniform strain, because of the short-range distribution of d-

spacing that arising from the internal stress distribution due to the 

presence of dislocation, variation in composition, non-stoichiometry or 

composition gradient [Mittemeijer and Delhez, 1980]. The profile due to 
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lattice distortion can tend to be Gaussian but it is not necessarily to be 

symmetric.         
 

 

ii- Size broadening: 

It arises from the distance over which diffraction is coherent, diffraction 

domain. This can be due to weighted average of actual thicknesses of the 

crystallites, the mean distance between various types of mistakes or the 

reciprocal of dislocation density. The broadening from pure size effect is 

symmetric, but that by mistakes can be asymmetric, skewed. In any case, 

the profile tends to be Lorentzian in character. 

 

2.5.1.2. Profile Corrections: 

a) Background: 

The observed intensity at each step in a diffraction pattern consists of a 

contribution from Bragg reflection at the step plus background. For 

relatively simple diffraction patterns, the background can be refined by 

selecting several points in the pattern laying away from Bragg peaks and 

then modeling the background by linear interpolation between these 

points. For complex diffraction patterns, it is normal practice to include 

background coefficients as refinement variables in profile fitting. So, the 

background intensity at step I can be calculated by a polynomial, up to 

fifth-order [Wiles and Young, 1981] 

 

                    
n
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                                          (2.8) 

 

where Bn coefficients are determined by the least-squares procedure 

during the refinement. If the peak shape is well known, the background 

can be fitted even for complex patterns. For poorly resolved pattern, the 

background will tend to correlate with other parameters, particularly 

temperature factors, which can result in systematic underestimation of the 
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standard deviations of the other parameters [Albinali and Willis, 1982 and 

Prince, 1981]. 

 

 

b) Instrumental factors: 

 Line breadth methods 

The pure line breadth, f, can be obtained from the experimentally 

observed breadth, B, and the breadth of a standard peak, b, produced 

under similar geometrical conditions by making use of one of the 

following assumptions: 

i-   Lorentezian distribution: 

 

                                          Lf =B-b                                                   (2.9) 

 

ii-   Gaussian distribution: 

     

                                         Gf = [B
2 

- b
2
]
 1/2     

        
    

                        (2.10) 

 

iii- Lorentezian -Gaussian distribution: 

 

LGf = [(B - b)(B
2 

- b
2
)
 1/2 

] 
1/2 

              (2.11) 

 

2.6. Optical Properties: 

When a material is illuminated with light, there are several 

processes that can occur as a result of the interaction between the incident 

light and the material structure. Some light may be lost by the energy 

transformed into heat (absorbed), some may pass through without loss 

(transmitted) and some scattered back from the surface of the material 

(reflected), Fig. (2.7). The basic interaction, which gives rise to these 

phenomena, is that between the electric vector of the electromagnetic 

http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Willis,%20B.T.M.
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field and the charges in the material. The different mechanisms depend 

upon the nature and distribution of the charges [Hashem, 2001].  

 

 

 

Figure (2.7): Fundamental phenomena resulting from the interaction of 

light with matter. 

 

 

2.6.1 Optical Absorption: 

The absorption spectrum is derived from the effect of all the energy 

loss mechanisms that result from the interaction between light and the 

charges contained in the material. The possible absorption processes 

depend on the distribution of the charges whether they are: 

i. Tightly bound as the inner shell electrons or the lattice ions; 

giving rise to optical dispersion.  

ii. Loosely bound as the outer shell electrons; absorption results from 

excitation between occupied and unoccupied energy states of the 

same band (intraband transitions) or between neighboring bands 

(interband transitions between the valence and the conduction 

bands). The fundamental absorption is characterized by critical 

minimum photon energy hυ, equals to the energy gap Eg, at which 

there will be a sharp edge in the absorption or transmission 
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spectrum. On the long wavelength side of this edge, the material 

will be transparent. 

 

iii. Free carriers as the conduction electrons either in metals or 

semiconductors. The free carrier absorption increases with the 

number of electrons and the absorption coefficient increases 

approximately as the square of the wavelength (α= constant λ
2
), 

becoming more significant in the infrared range.  

The absorption coefficient, )(  h for a given photon energy h , is 

proportional to the probability Pif of the transition from the initial state to 

the final state, the density of electrons in the initial state ni and the density 

of available (empty) final state nf. (The process must be assumed for all 

possible transitions between states by an energy difference equal to h ) 

  

                    (2.12) 

          
 

 

The absorption coefficient  is related to the optical energy gap and the 

frequency dependence as given by Tauc equation [Tauc et al., 1966];   

          

                                )(  h  = A (h                              (2.13) 

 

where A is a constant that depends on the transition probability, h is the 

Planck’s constant, υ is the photon frequency, Eg is the energy band gap 

and s is a constant that depends on the type of transition   (direct, indirect, 

quantum mechanical, allowed and forbidden). For direct transitions the 

constant s equals either 1/2 or 3/2 depending on whether the transition is 

allowed or forbidden in quantum mechanical sense.  
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2.6.2. Direct and Indirect Optical Transitions: 

Direct transition involves the absorption of a photon while indirect 

transition involves the absorption of a photon associated with the 

absorption or emission of a phonon. 

The limits of energy bands plotted in K space are presented in Fig (2.8). 

The conduction band minimum and valance band maximum occur at the 

same point in k space (at K=0). In this case, the absorption edge may 

occur not necessarily [Moss, 1959]
 
at gEh  ; where Eg is the minimum 

width of forbidden zone or the activation energy (Ea) of the material.  The 

quantum mechanical selection rule states that if Ki and Kf are the wave 

vectors of the electron in its initial and final states, and Q is the wave 

vector of the radiation the Ki  Kf = Q. As for wavelengths  1m, Q is 

very small compared with K. The selection rule becomes Ki = Kf , so that 

electrons with a given wave number in a particular band can only make 

transitions to states with a higher band having the same wave number, as 

shown in Fig. (2.8: a), i.e. only “vertical” transitions are allowed. “Non–

vertical” transitions are nominally forbidden. Experimentally, it does not 

mean that the latter does not occur at all, but only that absorption due to 

transition is of a quite lower intensity.  

 

 

 

 

 

 

 

 

 

 

Figure (2.8): Schematic presentation of possible energy bands in 

materials: (a) direct energy gap, and (b) indirect energy gap. 
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In some materials, quantum selection rules forbid direct transitions at K = 

0 but allow them at K  0. This means that the transition probability 

increases proportionally to ( ). However, if the minimum in the 

conduction band occurs in a different region of K space than the 

maximum in the valance band as in Fig. (2.8: b) for indirect transition, the 

interaction with lattice vibrations (phonons) takes place. Thus the vector 

of the electron can be changed in the optical transition and the changes in 

the momentum will be given up by phonons. 

 

 

2.6.3. Optical interference phenomena: 

When a ray of light falls down on a thin film, the characteristics of 

the reflected and transmitted light by the film differ than with the case for 

the uncoated substrate. We define the transmittance T as the fraction of 

incident power transmitted through the object, meanwhile A and R 

represents the fractions absorbed and reflected, respectively. These 

definitions include the effects and multiple reflections within a slab 

material. Whereas the terms reflectivity, absorptivity etc., can refer to the 

elementary process (no internal reflections) which are independent of the 

slap thickness [Heavens, 1965]. Because of the obvious relationship        

A + T + R = 1, measurement of the transmitted fraction, even though it is 

the simplest approach, makes a statement only about the sum of 

reflectivity and absorptivity. [Demichelis et al., 1987] reported a new 

method to obtain the optical gap when T(λ) and R(λ) are known in the 

spectral region. Neglecting multiple reflections, the transmissivity of a 

perfectly smooth film deposited on a perfectly smooth substrate is 

determined by the relation: 

 

                                    )/)1ln((
1 2 TR
d

                         (2.14) 

 

 

javascript:searchAuthor('Demichelis,%20F')


 

 

30 Theoretical Background 

where t is the sample thickness. At a weak region of absorption in the 

optical range, the measured transmittance is treated by Swanepoel method 

[Swanepoel, 1983] assuming that the reflection is predominantly from the 

air- film interface where: 

                                             
Tt

1
ln

1
                                                 (2.15) 

 

 

2.7.  Electrical Properties: 

Band theory provides a framework for modeling the electronic 

state within a metal oxide. However, after assuming the presence of 

mobile conducting electrons or holes within a material, the mechanism of 

conductance must also be addressed in order to appreciate the influence of 

scattering interactions on the overall conductance in a real thin film. 

 

 Mechanisms of DC electric conduction: 

The notation of Davis and Mott distinguishes three mechanisms of 

the behavior of conductivity in different temperature ranges. At (0 K) 

semiconductors have a completely filled electron band separated by only 

a small energy gap (≈ 1 eV or less) from an empty band. Here it is no 

electrical conduction because the electrons unable to change their energy 

states in small electric fields. At higher temperatures, there is sufficient 

thermal activation for some electrons to be excited from the lower band 

(the valance band) to the upper one (the conduction band).  At 

intermediate temperatures conduction occurs by thermally assisted 

tunneling of carriers excited into localized tail states. It is responsible for 

the hopping conduction via localized states. At lower temperature, the 

conduction occurs by thermally assisted tunneling of carriers between 

localized states near the Fermi energy Ef. Where hopping is expected to 

occur between nearest neighbors. Also, as temperature is lowered down, it 

may become more favorable for the carriers to tunnel to more distance 
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sites, which are closer in energy. It is analogous to impurity conduction in 

heavily doped semiconductor as shows in Fig. (2.9). 

 

 

 

 

 

 

 

 

 

 

Figure (2.9):  The plot of log (dc) versus 1/T indicating the different 

regions corresponding to different conduction mechanisms. 

 

 

At high temperatures region, the dominate mechanisms is the band 

conduction through extended states beyond a mobility edges. The electric 

conductivity can be calculated from the density of extended (Fig. (2.9)), 

localized states N(E) and the mobility μ(E) as a function of energy ; 

(2.16)                  

 

 

where  

1

)
)(

(exp1)(












 


KT

EE
Ef

f

FD   is the Fermi-Dirac distribution 

function containing the normalizing parameter Ef which is called Fermi 

energy (Ef  is defined as the energy of a state for which the probability of 

occupation is half)  and K is the Boltzman constant. 

  The dc conductivity is given by:  

                                                                  (2.17)  

 

where 0 is the pre-exponential term, and  is the activation energy. 
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2.8.  Effect of Radiation: 

2.8.1. Classification of Radiation: 

Radiation is energy that comes from a source and travels through 

some material or through space. Light, heat and sound are types of 

radiation. As shown in Fig. (2.10), Radiation is classified into two main 

categories: 

● Non-ionizing radiation (cannot ionize matter). 

● Ionizing radiation (can ionize matter either directly or indirectly): 

     - Directly ionizing radiation (charged particles): electrons, protons and 

heavy ions. 

     - Indirectly ionizing radiation (neutral particles): photons   (X rays and 

γrays), neutrons. 

 
Figure (2.10): The classification of radiation 

Directly ionizing radiation deposits energy in the medium through 

direct Coulomb interactions between the directly ionizing charged particle 

and orbital electrons of atoms in the medium. 

Indirectly ionizing radiation (photons or neutrons) deposits energy in the 

medium through a two step process. First, charged particle is released in 

the medium (photons release electrons or positrons, neutrons release 

protons or heavier ions). Second, the released charged particles deposit 

energy to the medium through direct Coulomb interactions with orbital 

electrons of the atoms in the medium [Podgorsak, 2005]. 
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2.8.2. Gamma-Ray Interactions with Matter: 

  It is most important to understand the manner in which radiation 

interacts with matter and transfers its energy.  Energy from radiation is 

transferred to matter in two ways: Ionization and Excitation. Ionization is 

the process of removal of an electron from an atom leaving the atom with 

a net positive charge.  In excitation, the energy of incoming radiation 

raises an outer electron to a higher energy state from which it returns very 

rapidly (10
-8

s) to its original state emitting a photon of light in the 

process. 

Gamma radiation is a type of electromagnetic wave that interacts with 

matter via and the Photoelectric Effect, Compton Scattering and Pair 

Production described below.  

 

(i) The photoelectric effect:  

The photoelectric effect Fig. (2.11) is an absorption process where 

a low energy gamma ray photon may interact with a bound atomic 

electron.  Some of the gamma-ray energy is used to overcome the electron 

binding energy, and most of the remainder is transferred to the freed 

electron as kinetic energy. The energy of the photoelectron released by 

the interaction is the difference between the gamma-ray energy  and the 

electron binding energy : 

                                     = –                                        (2.18) 

 

 
Figure (2.11):  The Photoelectric Effect. 

 

(ii) Compton scattering: 

      Compton scattering is the process whereby a gamma ray interacts 

with a free or weakly bound electron and transfers part of its energy to the 
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electron in an inelastic collision process and generally occurs for high-

energy photons (>0.1 MeV) such collision is called Compton scattering or 

Compton Effect as in Fig. (2.12). The wavelength of the scattered photon 

is called Compton wavelength.  

 

 
Figure (2.12): The Compton Effect. 

 

The energy of the ejected or Compton electron can be determined by 

knowledge of the energies of the incoming and scattered photons. 

 

                               = – E’                                               (2.19) 

                                                   

Where  = energy of scattered electron,  = energy of incident gamma 

ray, E’ = energy of scattered gamma ray. 

 

       

 

(iii) Pair production: 

A gamma ray with energy of at least 1.022 MeV can create an 

electron-positron pair when it is under the influence of the strong 

electromagnetic field in the vicinity of a nucleus (see Fig. (2.13)). This 

interaction has a threshold of 1.022 MeV because that is the minimum 

energy required to create the electron and positron. If the gamma ray 

energy exceeds 1.022 MeV, the excess energy is shared between the 

electron and positron as kinetic energy. 
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Figure (2.13): Pair Production 

 

The electron and positron from pair production are rapidly slowed down 

in the absorber. After losing its kinetic energy, the positron combines with 

an electron in an annihilation process, which releases two gamma rays 

with energies of 0.511 MeV. [Storm et al, 1967], [Evans, 1955] [Knoll, 

1979], [Nolan, 1995]. 

 

 

2.8.3. Effect of Radiation on Oxide Thin Films: 

The effects of ionizing radiation on metal oxide thin films depend 

on both the radiation dose and the parameters of the films including the 

film thickness. It is already an established fact that the degradation is 

quite serve for higher radiation doses and thinner films [Arshak and 

Korostynska, 2006]. 

The interaction of different incident particles with the electrons of the 

crystalline lattice leads to a change of electron energy. The change is not 

permanent, and the thermal equilibrium of the electron within the crystal 

lattice is restored in a few milliseconds. This is not the case if the particle 

energy is transferred to an atomic nucleus. If the imparted energy is less 

than a binding energy of the nucleus in the lattice, the atom is elastically 

displaced from its site and the displacement is not permanent. If the 

transferred energy is higher than the binding energy of the atom, it is 

permanently removed from the site. This results in a vacancy at the 

original site with simultaneous appearance of a surplus atom in an 

interstitial position between the atoms. This is a Frenkel-type lattice 
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effect. The vacancy behaves like an acceptor; the surplus atom behaves 

like a donor. Therefore, new energy levels appear in the crystal under the 

action of radiation. 
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3. Experimental Work: 

Introduction: 

Metallic oxide thin films have been discussed for a long time; many of 

these studies have focused on studying the structural, optical and electrical 

properties of the produced films. Various deposition techniques have been 

widely used to produce thin films. However, seeking the most reliable and 

economic deposition technique is the main goal. The most intensively studied 

techniques include, RF magnetron sputtering, sol–gel method, thermal 

evaporation, and spray pyrolysis. Among these, spray pyrolysis is one of the 

most widely used methods. In this method a solution containing the desired 

compound is sprayed directly onto a preheated substrate. 

 

3.1. Preparation of Thin Film: 

3.1.1.  Solution Preparation: 

The sprayed solution is prepared by dissolving the stoichiometric ratios 

of the desired precursors into solvent using magnetic stirrer: 

 

 ZnO films: 

The undoped ZnO thin films are prepared with a solution of zinc acetate 

dehydrate [Zn (CH 3 COO) 2 .2H2O] dissolved in deionized water. 

 Magnesium doped Zinc Oxide films:  

For magnesium doping, magnesium acetate [Mg(CH 3 COO) 2 ] is used 

considering the optimum preparation parameters of ZnO: solution 

concentration, substrate temperature and spray time. 

3.1.2.  Cleaning of substrate surface: 

The substrates are cleaned with ethanol and distilled water then finally 

ultrasonic cleaning is applied. Ultrasonic cleaning produces an intense physical 

cleaning action and is, therefore, a very effective technique for breaking loose 

contaminants that are strongly bonded to a surface. The cleaning was 

performed in a stainless tank containing the cleaning fluid, ethanol, and 

equipped with transducer on the bottom. This transducer converts an oscillating 
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electrical input into a vibratory mechanical output. Glass substrate is chiefly 

cleaned at frequencies between 20 and 40 kHz. The action of these sound 

waves gives rise to cavitations at the glass surface/cleaning liquid interface. An 

increase in power input will provide higher cavitations density at the surface, 

which in turn increases the cleaning efficiency. It is also a very fast process 

where cleaning cycle times are between seconds and few minutes [Hashem, 

2008]. 

 

3.1.3. Chemical Spray Pyrolysis Technique (CSP): 

   Chemical Spray Pyrolysis (CSP) technique is one of the chemical 

methods for the preparation of thin films; it is widely used to deposit variety of 

thin films. In this method a solution containing soluble salts of the constituents 

of the desired compound is sprayed onto a preheated substrate.  

When the aerosol droplets arrive close to the preheated substrate a pyrolytic 

process is produced and a highly adherent film of ZnO develops according to 

the following steps [Paraguay, 1999]: 

 

 

 

 

The classification of spray pyrolysis is usually attributed to the type of the 

atomizer used in the system. Also, the droplet size of the aerosol is, generally, 

dependent on the atomization method, that is in turn determines the film 

quality. The major types of atomizers are air blast, electrostatic and the 

ultrasonic [Hamedani, 2008]. The type of spray technique applied in this study 

is air blast. 
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In CSP, doping process is so simple by varying the concentration of the 

dopant salt in the solution, which alters the percentage of doping in the sample. 

(CSP) has many advantages including: simplicity of the apparatus, allows the 

coating of large surface and low cost. A major disadvantage of this technique is 

that it cannot be used for the deposition of very thin films.  

The components of the used set up are schematically diagramed in    

Fig. (3.1). Similar to other spray systems, it consists mainly of the liquid 

feeding unit, the spraying unit, and the heating unit including temperature 

control. The prepared solution is sprayed by means of a nozzle, assisted by a 

carrier gas, over a hot substrate. In order to produce a uniform film, the 

substrate was attached onto a rotating stage. When the fine droplets arrive at 

the substrate, the solid compounds react to form a new chemical compound. 

The substrate temperature was monitored by a K-type thermocouple connected 

to the temperature controller monitor [Hassanien, 2011]. 

 

 
Figure (3.1): Sketch of the spray pyrolysis set-up. 

(1) DC electrical motor, (2) Syringe pump, (3) Glass atomizer, (4) Oil less air 

compressor, (5) Flow meter, (6) Rotating substrate holder, (7) Heater, (8) 

Substrate, (9) Thermocouple (K-type), (10) Programmable temperature 

controller and measurement, (11) AC power supply, (12) DC power supply, 

(13) DC electrical motor and (14) Gas exhaust outlet. 
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 3.1.4. Optimization of Preparation Parameters: 

  In this work, ZnO thin films were deposited by spraying aqueous 

solution of zinc acetate using compressed air as carrier gas, volume of the 

precursor solution was fixed at 50 ml. 

There are many parameters that can affect the formation of the prepared films; 

these parameters can be classified into two categories: 

i- Fixed parameters:  

  Which are remained constant during preparation for all samples: such 

as, Solution flow rate, 1.5 ml/min. Air used as the carrier gas, at pressure of 2 

bar. Nozzle to the substrate distance, 40 cm. 

 

ii- Optimized parameters: 

There are many parameters that can affect on film formation, properties 

and quality; in this study three different variable preparation conditions were 

carried out: 

 

1) Solution concentration: 

Samples were prepared using different molarities of Zinc acetate 

solution [from 0.1 M to 0.3 M, in step 0.05M]. 

For these samples the rest of Parameters remains constant at spray time: 15 min 

and the substrate temperature: 500 ˚C. 

 

2) Substrate Temperature: 

   Here the temperature was varied from 425˚C to 500 ˚C (with an interval 

25 ˚C); the other preparation parameters were fixed: The optimum molarity was 

found from the first step and the spray time is considered as 15 min. 
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3)  Spray time: 

Films were prepared with varying the spray time from 5 min to 25 min, 

in step 5 min, the other preparation conditions were fixed at their optimum 

values found from step 1, 2. 

 Magnesium doped Zinc oxide films:  

 With the optimum conditions parameters for ZnO films, the effect of Mg 

doping was studied at level: 0 to 20 at. %. 

 

3.2. Measurements and characterization: 

3.2.1. Energy-dispersive X-ray spectroscopy (EDX):  

Energy dispersion X-ray EDX detector linked to the scanning electron 

microscope (JEOL SEM5400) is one of the most widely used analytical 

techniques for elemental analysis. It was used to determine the chemical 

composition of the samples. Full quantitative analysis results were obtained 

from the spectra by processing the data through Zaf correction program. During 

the quantification step of the X-ray analytical process, the measured x-ray 

intensities are converted into elemental concentrations. 

 

3.2.2. X-ray Diffraction (XRD): 

X-ray diffraction pattern of a given material plays an important role in 

recognizing whether the material is amorphous or crystalline. It requires no 

complicated sample preparation and is also non-destructive technique. 

Experimentally obtained diffraction pattern of the sample is compared with 

‘Joint Council Powder Diffraction data (JCPDS)’ for standards. This gives 

information of different crystallographic phases, the relative abundance and 

preferred orientations.  

In this study the prepared films have been characterized by using a fully 

computerized X-ray diffractometer, Shimadzu XRD-6000, Fig. (3.2: b) with Cu 

radiation λ=1.54056 Å. The X-ray tube was operated at 40 kV and 30 mA anode 

current throughout the measurements. The pattern was recorded at a scanning 

http://www.google.com.eg/url?sa=t&rct=j&q=edx%20energy&source=web&cd=1&cad=rja&ved=0CCsQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEnergy-dispersive_X-ray_spectroscopy&ei=b24yUd2dKKet0AHzvIGIBQ&usg=AFQjCNGukh_d_Co5x-jjjV9UjtGctkEYiA&bvm=bv.43148975,d.dmQ
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rate of 8
0
/min. The above operation conditions were maintained during all the 

relevant measurements. The 2θ scan range, 20˚ to 70˚. Continuous scanning 

with scan speed, 8 (deg/min) and preset time, 0.15 sec was used for the entire 

2θ-range. 

 

 

 
                           (a)                                                        (b) 

Figure (3.2): X-ray diffractometer: a) schematic diagram (Bragg-Brentano 

focusing geometry) and b) captured photograph. 

 

 

3.2.3. Film Thickness Measurement: 

 Stylus profilometer: 

Stylus instrument was used for thickness measurements directly on the 

deposited films without post-deposition requirements as in case of optical 

method (coating with an opaque silver layer). In stylus instruments, a diamond 

needle of very small dimensions (e.g. 13 μm in tip radius) is used as the arm of 

an electromechanical pick-up [Pulker, 1984]. 

The position of the pick-up is determined by a slider which is pressed on the 

area surrounding the needle to give the mean zero position. The thickness of a 

film is measured by traversing the blunt stylus over the edge of the deposit. The 

thickness being recorded on a pen recorder as the difference in level between 

the film and the substrate, and then it is calibrated by a standard sample with 
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known thickness measured by optically interferometry method. A typical 

thickness measurement trace is sketched in Fig. (3.3) [Hashem, 2008]. Alpha-

step (Thin Film & Surface Profile Measurement) of TENCOR 

INSTRUMENTS is used in this work. 

Figure (3.3): Sketch of the stylus method. 

 

3.2.4. Optical Measurements:  

The optical transmittance, T (λ), of the deposited films was measured 

using double-beam Jasco V-670 UV/VIS spectrophotometer, Fig. (3.4). The 

measurements were carried out in the wavelength range of 300 – 800 nm. It 

consists of light source (halogen lamp or Deuterium lamp), a diffracting grating for 

defining the wavelength, a system of mirrors and two photo detectors together with 

electronic data acquisition system for recording and processing the measured data.  

The reference was the same glass substrate that is used for film preparation. 

 

 

Figure (3.4): Photo of a double beam spectrophotometer. 
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For measuring the transmittance, the intensity Itf of the monochromatic light 

passing through the film-substrate is recorded relative to the intensity Itg of a light 

having the same wavelength passing through a cleaned glass reference at normal 

incident. The measured transmittance Texp that obtained from the 

spectrophotometer is the ratio Itf / Itg. 

 

 

3.2.5. Electrical Measurements: 

 DC Conductivity and Current – Voltage Measurement: 

        To carry out the various electrical measurements of D.C. conductivity,     

resistance was measured as a function of temperature, where temperature was 

varied from room temperature to 70 ˚C. The electrical conductivity is measured by 

using two- point probe method. Coplanar silver electrodes separated by gap of 

width about 1 cm were deposited onto the samples Fig. (3.5). A specially designed 

system to control the temperature of the sample was used for the measurements as 

shown in Fig. (3.6: a). Keithly Model 6514 programmable electrometer              

Fig. (3.6: b) was used for measuring the resistance and potential difference across 

the thermocouple.  

 

 

Figure (3.5): Set-up for electrical conductivity measurements. 

http://www.google.com.eg/url?sa=t&rct=j&q=keithley%206514&source=web&cd=1&cad=rja&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.keithley.com%2Fproducts%2Fdcac%2Fsensitive%2Fhighresistance%2F%3Fmn%3D6514&ei=l3oyUcf2I9S_0QGzwYC4BQ&usg=AFQjCNHT8vOPDiVes5tnO2B0OAnt6QQtsA&bvm=bv.43148975,d.dmQ
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                        (a)                                                                               (b)  

 

Figure (3.6):  Electrical Measurements: a) Construction used for controlling the 

temperature of the sample, b) Keithly programmable electrometer. 

 

 

3.3.6. Gamma (γ) Irradiation:  

          Films were irradiated by γ- radiation with range doses (20, 40, 60, 80, 

100) kGy, using a Co
60

 source of γ- radiation. The gamma irradiator is housed in 

a shielding building, Fig. (3.7), constructed upon a ground of standard density 

concrete (2.36 g/cc), having thickness about 120 cm, so that no one receives 

more than 10 mR of radiation during 40 hours/week, or the maximum dose rate 

would not exceed 0.2 mR on all accessible when 1,000,000 curie cobalt radiation 

source is utilized. The new irradiation facility, Egypt's MEGA, gamma I, 

supplied as type J-6500 by the Atomic Energy of Canada Ltd., at the National 

Center for Radiation Research and Technology, Cairo, has been furnished with a 

Co
60 

source. The source consists of a large planar array of encapsulated Co
60
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rods 0.18 cm in diameter and 20.96 cm in length. Two of such source rod 

elements are inserted each double–walled stainless steel pencil; of external 

dimension: 1.11 cm in diameter, and 45.2 cm in length. The pencils are inserted 

in planar modules 47.5 x 49.5 cm. The source rack composed of six modules 

each having 42 source pencils and the maximum plaque capacity 252 pencils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.7):  A schematic diagram of gamma irradiator. 

 

The samples were fixed facing the source at a distance of 15 cm. At each a 

position, the dose rate was 5.56 Gray / sec at the time of the present 

measurements. The thin film samples were irradiated at room temperature, and 

the absorbed dose was measured by using standard calibrated Perspex 

dosimeter [Abdel-wahab, 2012]. 
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4. Results and Discussion: 

This chapter is devoted for studying the effects of several 

experimental conditions on the structural, electrical and optical properties 

of ZnO thin films deposited by spray pyrolysis. It is divided into three 

main parts: 

The first part: Effect of variation of deposition parameters (solution 

concentration, substrate temperature and spray time) on the properties of 

ZnO thin films, in order to identify the optimum preparation conditions. 

The second part: Effect of Mg doping on the structural, optical and 

electrical properties of the optimized ZnO thin film. 

The third part: Effect of gamma radiation on the structural and optical 

properties on Mg doped ZnO thin films. The relation combined effect of 

doping and irradiation on the deposited films will also be discussed. 

 

4.1. Optimization of Deposition Parameters of ZnO Thin Films: 

Optimization of each preparation parameter will be considered 

through investigating the effect of each of them on the structural and 

optical characteristics of the ZnO thin films. The discussion is based on 

the correlation, combination and integration of results from measurements 

of different techniques: 

1) Thickness measurements by stylus method. 

2) Structure investigation by X-ray diffraction analysis. 

3) Optical transmission spectra using UV-VIS spectrophotometer. 

The starting parameters were the average values given in the literatures, 

they are substrate temperature = 500 °C and the spray time = 15 min. 

Then one of the parameters was varied in a range around the average 

value while the other parameters were kept constant at the above specified 

values or the optimized ones in a preceding step, and so on. 
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4.1.1. Effect of solution concentration: 

The first step in the optimization was the effect of solution 

concentration; it was varied from 0.1 – 0.3 M.  All the preparation 

parameters were kept constant at the starting parameters given above. 

 

(I) Film Thickness: 

Fig. (4.1) shows the effect of variation of solution concentration 

on the film thickness. It is clear that as the solution concentration 

increases, the film thickness increases linearly. This is mainly attributed 

to the relative increase of Zn
2+

 in the solution that enhances the growth 

rate, which results in increase of the thickness of the films [Moholkar et 

al., 2008 and Agashe et al., 1991]. 

 

 

 

 
 

Figure (4.1): Variation of the film thickness at different concentrations of 

sprayed solution. 
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(II) Structure Characterization: 

   Fig. (4.2) shows the X-ray diffraction patterns of ZnO films 

prepared with different concentrations. The presence of sharp peaks with 

different intensities confirmed the polycrystalline nature of the material. The 

patterns fit well with the hexagonal (wurtzite) crystal structure of ZnO with 

highly preferred orientation along (002) plane. This is an acceptable point, 

because the (002) plane of ZnO has the lowest surface energy [Chopra et al., 

1983; Zhang et al., 2004]. As the concentration of the sprayed solution 

increase the diffraction intensity increases. This is attributed to the growth of 

the film thickness as proved above. 

At high solution concentration > 0.25 M, a second phase of ZnO2 appears 

[JCPDS card 78-1124]. 

 

 
Figure (4.2): X-ray diffraction pattern of ZnO films prepared at different 

solution concentrations. 
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The lattice constants „a‟ and „c‟ of ZnO films are calculated using the 

following equation for hexagonal systems [Cullity, 1978a]: 
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where d(hkl) is the spacing between planes of given Miller indices h, k, and l. 

The calculated lattice constants are in good agreement with the standard 

values taken from the Joint Committee of Powder Diffraction Standards 

(JCPDS) card 80-007.  

The unit cell volume of all the samples was calculated  using the following 

equation [Cullity, 1978b]:  

                                                                               

                    
      (4.2) 

where „a‟ and „c‟ are lattice parameters. 

The lattice parameters and cell volume at different solution concentrations 

are given in Table (4.1). It was observed that there is no considerable change 

with increasing the concentration of solution. Thus, only the amount of 

material (film thickness) increases without variation in the lattice 

composition. 
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Table (4.1): The interplanar spacing d(002), d(101) and the lattice parameters 

„a‟ and „c‟ of ZnO films at different solution concentrations. 

 

 

Size and strain information are determined by profile analysis of X-ray 

reflections using Winfit program [Krumm, 1996, 1999] and the results are 

depicted in Fig. (4.3). It is clear that with increasing the solution 

concentration up to 0.25 M, the crystallite size increases, then it decreases 

again with further increase with solution concentration. On the other hand, 

internal microstrain decreases to a minimum at 0.2 M then increases. 

In thin films, strains may originate due to thermal mismatch between the 

film and the substrate [Prasada Rao et al., 2010]. It is clear that the film 

prepared with solution concentration about 0.2 M has the least microstrain 

and lattice defects, and almost the maximum crystallite size. 

 

Solution 

conc. (M) 

dhkl (Å) 

  

dhkl (Å) 

 

Lattice Parameters 

(Å) Unit cell volume 

V  

(Å
3
) (002) (101) 

 

a 

 

 

c 

 

0.1 2.607 2.479 3.25 5.21 47.81 

0.15 2.605 2.477 3.25 5.21 47.67 

0.2 2.606 2.478 3.25 5.21 47.76 

0.25 2.606 2.479 3.25 5.21 47.78 

0.3 2.606 2.479 3.26 5.21 47.82 

Bulk  

JCPDS 80-

0075 

2.605 2.479 3.25 5.21 47.57 

http://www.sciencedirect.com/science/article/pii/S092145261000178X
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Figure (4.3): Effect of solution concentration on: (a) microstrain, 

(b) Crystallite size. 

 

The dislocation density (δ), which is defined as the length of dislocation lines 

per unit volume of the crystal,; was calculated from the relation [Williamson 

and Smallman, 1956]: 

                                                
2

1

lhkD
                                            (4.3) 

The theoretical density, Dg, of the samples was calculated using the relation 

[Naeem et al., 2011]:                       

                                       
VN

ZM
D

A

g    ,                                             (4.4)                                                                

where M is the molecular weight, NA = 6.023×10
23

 molecular/mole is 

Avogadro`s number, Z = 2 is the number of molecules per unit cell for 

zinc oxide hexagonal type and V is the unit cell. 
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The Zn – O bond length, L, was also calculated using the relation 

[Pearton et al., 2004]: 

 

,                    (4.5) 

 

where the u parameter for wurtzite structure can be ex-pressed as 

[Barretand Massalski, 1980]: 

              (4.6) 

                                                                                                                  

 

The dislocation density, theoretical density and Zn- O bond length at 

different solution concentrations are given in Table (4.2). It was found 

that there is no significant change in theoretical density and bond length, 

but only the dislocation density has the lowest value at concentration of 

0.2 M. this is in agreement with the absence of change in lattice 

composition as found before. 

 

 

 Table (4.2): The structural parameters of ZnO thin films at different 

solution concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution conc. 

(M) 

 

Dislocation 

 δ x 10
-4 

(nm)
-2 

 

Density 

Dg 

(gm/m³) 

 

Bond 

length 

L [nm] 

0.10 7.880 5.654 0.1980 

0.15 5.803 5.671 0.1978 

0.20 4.991 5.660 0.1980 

0.25 5.053 5.657 0.1980 

0.30 6.101 5.653 0.1981 
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 (III) Optical Properties: 

Fig. (4.4) shows the transmission spectrum as a function of 

wavelength for the prepared films with different solution concentration. A 

well defined sharp edge is observed confirming the crystallographic 

nature of the prepared films. As the concentration of solution increases 

the transmittance descends. The films show high optical transmittance in 

the visible region (>80%). The decrease in transmittance at high 

concentration might be attributed to the increase of film thickness. 

 

 
 

Figure (4.4): Variation of transmission T (%) as a function of wavelength 

at different concentrations of sprayed solution. 

 

Thus, from the structural and optical analysis of the prepared thin films at 

different solution concentrations, it can be concluded that the optimum 

value of solution concentration is 0.2 M. 

  

 

 

 

 



 55 Results and Discussion 

4.1.2. Effect of substrate temperature: 

 In order to study the effect of substrate temperature, it was varied 

from 425 – 525 ºC, while the solution concentration was kept constant at 

the optimum value (0.2M). 

At the same time, the spray time was constant at 15 min. 

 

(I) Film Thickness:  

The variation of film thickness with substrate temperature is 

depicted in Fig. (4.5). A noticeable decrease of the film thickness was 

observed with increasing the substrate temperature. 

The decrease may be attributed to either: (i) the increase in 

evaporation rate of initial product “before” reaching the substrate [Chow 

et al., 1981; Pawar et al., 1984; Chacko et al., 2007; Lokhande and 

Uplane, 2001], (ii) the re-evaporation of the film “after” deposition 

[Yadava et al., 2009; Tatar et al., 2013] or (iii) the upwards thermal 

convection of the sprayed solution “during” the deposition [Yadava et al., 

2009; Tatar et al., 2013]. There is a great possibility for the three 

processes to take place together. Thus, the observed decrease of the film 

thickness may be attributed to one or more of the above mentioned 

processes.   
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Figure (4.5): Variation of the film thickness at different substrate 

temperatures (dotted line is guide to the eye). 

 

(II) Structure Characterization: 

Fig. (4.6) shows the X-ray diffractograms of zinc oxide thin films  

deposited at various substrate temperatures. The films are polycrystalline and 

fit well with the hexagonal (wurtzite) crystal structure with highly preferred 

orientation of (002) plane. As the temperature increases, the relative intensity 

corresponding to (002) plane increases, showing crystal reorientation effect. 

As the temperature increases, ZnO atoms have high kinetic energy to migrate 

to positions with lowest energies, resulting films growth with the c -axis 

normal to the film [Zahedi et al., 2013; Singh et al., 2007]. With further 

increasing of temperature the (002) plane intensity decreases. This might be 

illustrated according to the fact that with increasing the deposition 

temperature it improves the crystallization of the films. However, at higher 

temperatures, the temperature effect yields to the formation of the defects in 

the film and can also lead to the deterioration of the structural quality of films 

[Van Heerden and Swanepoel, 1997; Penza et al., 1995]. It was observed that 

diffraction peaks corresponding to (111) and (221) planes of ZnO2 appear at 

http://www.sciencedirect.com/science/article/pii/S1369800112002673
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low substrate temperature (< 475 ºC). This may be because at low substrate 

temperatures the spray falling on the substrate undergoes incomplete thermal 

decomposition (oxidation), which results in phase separation and defects 

within the lattice.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.6): X-ray diffraction pattern of ZnO films prepared deposited at 

different substrate temperatures. 

 

 

The interplanar spacing d and the lattice constants a, c at different 

temperatures are shown in Table (4.3).  
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Table (4.3): The interplanar spacing d(002), d(101) and the lattice parameters 

„a‟ and „c‟ of ZnO films at different substrate temperatures. 

 

 

Fig (4.7) shows the crystallite size and the internal microstrain at different 

substrate temperature. The average crystallite size of the films increases from 

14.5 to 34.3 with the increase of substrate temperature up to 500 °C, while as 

the temperature increases strain decreases due to enhancement in sharpness of 

planes, reaches the minimum value at 500 °C [Shinde et al., 2010]. 

 

 

 

 

Substrate 

Temp. 

 

(ºC) 

dhkl (Å) dhkl (Å) 
Lattice Parameters ( Å ) 

Unit Cell volume 

V 

[Å³] (002) (101)  

 

a 

 

 

c 

 

425 2.607 2.470 3.24 5.22 47.38 

450 2.610 2.482 3.26 5.22 47.91 

475 2.605 2.479 3.25 5.21 47.76 

500 2.606 2.478 3.25 5.21 47.76 

525 2.605 2.476 3.26 5.21 47.98 

Bulk  JCPDS 

80-0075 
2.605 2.479 3.25 5.21 47.57 
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Figure (4.7): Effect of substrate temperature on: (a) microstrain, 

 (b) Crystallite size. 

 

 

Table (4.4) shows the dislocation density at different substrate temperatures, 

it is clear that the film deposited at substrate temperature 500 °C has the least 

value, all other parameters like cell volume, density and the Zn – O bond 

length almost remains constant at different substrate temperatures. 
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Table (4.4): The structural parameters of ZnO thin films at different substrate 

temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 (III) Optical Properties: 

Fig. (4.8) shows the transmission spectrum as a function of 

wavelength for films deposited at different deposition temperatures. The 

substrate temperature plays an important role in the film formation. When 

the substrate temperature is below 475 ˚C, the spray falling on the 

substrate undergoes incomplete thermal decomposition (oxidation) giving 

rise to a foggy film whose transparency is very poor. If the substrate 

temperature is too high (>500 ˚C), the spray gets vaporized before 

reaching the substrate and the film becomes almost powdery. Whereas at 

optimum substrate temperature in the range of 475–500 ˚C, the spray 

reaches the substrate surface in the semi-vapor state and complete 

oxidation will take place to give clear ZnO film [Swapna and Santhosh 

Kumar, 2012].   

 

 

 

Substrate Temp. 

(ºC) 

 

Dislocation 

δ*10
-4 

(nm)
-2 

 

Density 

Dg 

(gm/m³) 

 

Bond 

length 

L [nm] 

425 14.794 5.706 0.197 

450 10.269 5.632 0.198 

475 5.220 5.660 0.197 

500 4.992 5.660 0.197 

525 4.839 5.634 0.190 
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Figure (4.8): Variation of transmission T (%) as a function of wavelength 

at different deposition temperature. 

 

Thus from the structural and optical analysis for films deposited at 

different substrate temperatures, it was found that the optimum film 

deposited at substrate temperature equivalent to 500 °C, as it has the 

lowest lattice strain, the best crystallinity  and optical transmittance. 

 

4.1.3. Effect of spray time: 

In order to study the effect of spray time, it was varied from 5-15 

min, while the other conditions and parameters that are optimized before: 

 The concentration of the solution = 0.2 M 

 The substrate temperature = 500 ºC. 

 

(I) Film Thickness:  

It is observed from Fig. (4.9) that as the deposition time increase the 

film thickness increases, this is due to the increase in the amount of the 

sprayed solution. 
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Figure (4.9): Variation of the film thickness with different spray time. 

 

(II) Structure Characterization: 

Fig. (4.10) shows the effect of spray time on the structure of the 

deposited films, all films are polycrystalline, and fit well with the hexagonal 

(wurtzite) crystal structure with highly preferred orientation along (002) 

plane. Effect of deposition time on preferred orientation is clear as reflected 

in the variation of the relative intensities. It was observed that there are 

diffraction peaks corresponding to (111) and (221) planes of ZnO2 at spray 

time > 15 min. This attributed to the fact that when the films goes on 

continuous spraying at high deposition times; this results in decreasing of the 

substrate temperature giving rise to phase separation and defects. 

 

The variation of the lattice parameters and the interplanar spacing at different 

deposition times is shown in Table (4.5). 
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Figure (4.10): X-ray diffraction pattern of ZnO films deposited at 

different spray times. 

 

  

Table (4.5): The interplanar spacing d(002), d(101) and the lattice parameters 

„a‟ and „c‟ of ZnO films at different spray times. 

Spray 

time  

(min.)  

dhkl (Å) dhkl (Å) 
Lattice Parameters  

(Å) Unit Cell volume 

V 

[Å³] (002)  (101)  

 

a 

 

 

c 

 

5 2.607 2.475 3.25 5.21 47.63 

10 2.604 2.478 3.25 5.21 47.74 

15 2.605 2.477 3.25 5.21 47.76 

20 2.606 2.481 3.26 5.21 47.90 

25 2.606 2.481 3.26 5.21 47.90 

Bulk  

JCPDS 80-

0075 

2.605 2.479 3.25 5.21 47.57 
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As shown in Table (4.6) the dislocation density has the minimum value at 

spray time 15 min, the cell volume, density and Zn – O bond length remains 

constant at different spray times. 

 

 

Table (4.6): The structural parameters of ZnO thin films at different spray 

times. 

 

 

 

 

 

 

 

 

 

 

Fig. (4.11) shows the values of internal microstrain and crystallite size at 

different spray times, it was observed that the strain has the lowest value at 

spray time 15 min, while the crystallite size increases with the spray time up 

to 15 min, then it decreases with further increase in the deposition time, this 

may be due to the formation of second phase of ZnO2, which results in 

decreasing of the crystallinity and increases the lattice strain and distortion. 

 

 

 

 

 

Spray time  

(min.)  

 

Dislocation 

δ*10
-4 

(nm)
-2 

 

Density 

Dg 

(gm/m³) 

 

Bond 

length 

L [nm] 

5 6.553 5.676 0.198 

10 6.400 5.662 0.197 

15 4.992 5.660 0.197 

20 8.681 5.643 0.198 

25 9.030 5.643 0.198 
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Figure (4.11): Effect of spray time on: (a) microstrain, 

 (b) Crystallite size. 

 

(III) Optical Properties: 

Fig. (4.12) shows the transmission spectrum as a function of 

wavelength for films at different deposition times. The films shows high 

transmittance (> 80%) at deposition time up to 15 min, at higher 

deposition times, a sudden decrease in the transmittance occurs.  
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Figure (4.12): Variation of transmission T (%) as a function of 

wavelength at different deposition times. 

 

 

 

4.2. Doping of Zinc Oxide Thin Films with Magnesium: 

The addition of Magnesium (Mg) to ZnO is an effective way to 

control its structural, optical and electrical properties. Moreover, ZMO films 

are of special interest because of the fact that the band gap of ZMO films is 

tunable by varying the doping concentration in the films. 

The influence of Magnesium doping concentration (0-20 at. %) on the 

structural, optical and electrical properties of ZnO films prepared by the 

optimum conditions of: 

Concentration = 0.2 M, substrate temperature = 500 °C and spray time=15 

min were studied in this section. 

 

4.2.1. Elemental Analysis: 

The energy – dispersive spectra (EDX) of the ZMO films with 

different Mg concentrations are shown in Fig. (4.13) which reveals that the 

films contain the elements Zn, Mg and O as expected, indicating the 
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formation of Magnesium doped ZnO thin films, an additional peak for Si 

appears corresponding to the glass substrate. 

 

(a) 

  

 

 
                                                   (b) 

 

Figure (4.13): EDX spectrum of: (a) ZnO (b) ZMO thin film (10 at.% ). 
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4.2.2. Structural Analysis: 

Fig. (4.14) shows the XRD patterns of Mg doped ZnO thin films 

prepared at different Mg concentrations. The XRD patterns reveal that all 

films are polycrystalline, single phase without any impurity and fit well 

with the hexagonal (wurtzite) crystal structure. It was observed that the 

relative intensity of (002) peaks becomes weaker as the Mg concentration 

increases indicating a change of the preferred orientation. The increase of 

Mg concentration results in decrease in lattice constant „c‟ of the films 

(Table (4.7)). According to Vegard‟s law, the crystallographic parameters 

of a continuous substitutional solid solution vary linearly with concentration 

at constant temperature when the nature of the structure is similar in the 

constituent phases [Vegard, 1921]. This is expected for a Mg-substituted 

ZnO solid solution as the ionic radius of Mg2+ (0.57 Å) is smaller than 

that of Zn2+ (0.60 Å) [Shannon, 1976; Kaushal and Kaur, 2009]. Thus, 

the decrease in unit cell indicates that Zn2+ ions are successfully 

substituted by Mg2+ in the ZnO lattice [Zhang et al., 2005].  

 

 

Figure (4.14): XRD diffraction pattern of Mg doped ZnO thin films at 

different Mg concentrations.  
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Table (4.7): The interplanar spacing d(002), d(101) , the lattice parameters „a‟ 

and „c‟  and FWHM of the ZMO films at different Mg concentrations. 

 

Furthermore, as Mg concentration increases, the FWHM of (002) 

diffraction peak increases as depicted in Fig. (4.15), which indicates an 

increase in either the residual internal microstrain or decrease in grain size 

or both. This could be due to lattice disorder and strain induced by 𝑀𝑔2+ 

ions substitution [Reddy et al., 2009]. The crystallite size of the films is 

decreased from 34 to 28 nm with the increase in Mg concentration as 

depicted in Fig. (4.15). This is because the doping inhibits the grain 

growth, which results in decreasing of the crystallite size. 

Mg 

concentration 

(at.%)  

dhkl (Å) dhkl (Å) 
Lattice 

Parameters (Å) Cell Volume 

V 

(Å
3
) 

(002)  (101)  

 

a 

 

 

c 

 

0 2.606 2.481 3.257 5.212 47.761 

5 2.607 2.482 3.260 5.207 47.974 

10 2.602 2.480 3.257 5.205 47.833 

15 2.599 2.486 3.261 5.198 47.873 

20 2.597 2.481 3.261 5.196 47.851 

Bulk  JCPDS 

80-0075 
2.605 2.479 3.254 5.201 47.770 
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Figure (4.15): Variation of grain size and FWHM at different Mg 

concentrations.  

 

4.2.3. Optical Properties: 

The optical transmission spectra of Mg doped ZnO films with 

different Mg concentrations are shown in Fig. (4.16). All films are highly 

transparent with an average transmittance > 80 % in the visible range A 

clear shift of the edge towards shorter wavelength is observed. This may 

be attributed to the fact that new defects are introduced after Mg atoms 

substitute Zn atoms and enter into ZnO lattice due to the electronegativity 

and ionic radius difference between Zn and Mg [Kaushal et al., 2009]. 

The absorption coefficient was calculated using the transmittance data and 

Eqn. (2.15).  
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Figure (4.16): Transmission spectra of Mg doped ZnO thin films of different 

Mg concentrations. 

 

The direct band gap of the films was calculated using Eqn. (2.13). The 

quantity (αhυ)
2 

is plotted as a function of the incident photon (hυ) as shown in 

Fig. (4.17) for doped films. The value of the energy gap is determined from 

the intercepts on the photon energy axis after extrapolation of the straight- 

line section in the high energy region of (αhυ)
2 

vs. (hυ) curve. 

 
Figure (4.17): (αhυ)

2 
versus hυ plots of Mg doped ZnO films at various Mg 

concentrations. 
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The effect of Mg concentration on the band gap of Mg doped ZnO films is 

shown in Fig. (4.18). It is clearly that the energy band gap increases with 

increasing the Mg concentration which is in accordance to Burstein- Moss 

shift. A blue shift in the absorption edge of ZnO with increasing the Mg 

concentration is noteworthy (Fig. (4.16)) as it leads to increase in the width of 

the transmission window. The Burstein- Moss effect is the process by which 

the apparent band gap of a semiconductor is increased as the absorption edge 

is pushed to higher energies as a result of all states close to the conduction 

band being populated. This is observed for a degenerate electron distribution 

such as that found in some degenerate semiconductors and is known as a 

Burstein- Moss shift. Optical band gap depends on the grain size, i.e. band 

gap is increased with smaller grain sizes in accordance with the obtained 

structure. 

 

Figure (4.18): Variation of the energy band gap at different Mg 

concentrations. 
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4.3. Electrical Measurements: 

The electrical properties of the films are influenced by the structural changes 

associated with the thermal effects. Electrical resistance measurements have 

been carried out by using the two- probe method. The electrical resistivity ρ is 

defined as: 

 

                                                                                                         (4.7) 

where R is the electrical resistance of a uniform specimen of the material (Ω), 

L is the length of the electrode (cm), A is the cross-sectional area. 

 

The electrical conductivity is defined as: 

                                                 𝜎 = 1
𝜌                                           (4.8) 

The effect of Mg concentration on the electrical resistivity of Mg doped 

ZnO films is shown in Fig. (4.19). It was observed that the electrical 

resistivity increases with increasing the Mg content. The resistivity of the 

ZMO films is related to the Mg-doping concentration due to intrinsic 

defects (Mg atoms at substitutional and interstitial sites and various 

scattering centers). When Mg
2+

 is doped into ZnO films, the tendency of 

ZnO to form interstitial metal atom and oxygen vacancy defects could be 

depressed because the formation energy is increased. On the other hand, 

the Mg
2+

 doping also increases the band gap because MgO has a wider 

band gap (6.7 eV) than that of ZnO (3.37 eV). Thus, the decrease in the 

defects and the increase in band gap both make contributions to an 

increase in resistivity of Mg-doped ZnO films [Kaushal et al., 2009].  

 

L

RA
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Figure (4.19): The Variation of resistivity of Mg doped ZnO thin 

films at different Mg concentrations. 

 

 

As shown in Fig. (4.20), the dc conductivity of the films is represented by a 

single activation process according to the well- known equation: 

 

𝜎 =  𝜎𝑜 exp  
−∆𝐸

𝑘𝑇
               (4.9) 

 

where 0 is the pre-exponential term, k is the Boltzmann constant and ∆E 

is the activation energy. 
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Figure (4.20): The variation of lnσ versus T

-1
 for Mg doped ZnO thin       

films at different Mg concentrations. 

The activation energy ∆E for different Mg concentrations was calculated 

from the slopes of the plots in Fig (4.20). It was found that the activation 

energy increases as the Mg concentration ascends (see Fig. (4.21)). The 

increase of activation energy could also be attributed to the increase of 

grain boundary potentials due to the adsorption of oxygen and/or 

structural disorder induced by Mg incorporation in ZnO lattice [Chiba et 

al., 2007]. 

 
Figure (4.21): Variation of the activation energy of Mg doped ZnO thin films 

at different Mg concentrations. 
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4.4. Effect of Gamma Irradiation on the Deposited Films: 

Exposure of solid materials to ionizing radiation such as gamma rays 

(γ) produces changes in the micro-structural properties, which in turn affects 

the optical and other physical properties of the solid materials [Maity and 

Sharma, 2011]. The effects of the gamma irradiation on the thin films of 

metal oxides have been studied to find out the suitability of these thin films in 

post- exposure and real – time gamma radiation dosimetry. Naturally, a deep 

understanding of the effects of gamma irradiation on different physical 

properties of these thin films is quite vital from the viewpoint of the physics 

of metal oxides as well as from the design and development of novel 

radiation sensors and dosimeters.   

 

(I) Structure Characterization: 

Figs (4.22 – 4.26) shows the XRD diffractograms of the gamma 

irradiated undoped and Mg doped ZnO thin films. All films are 

polycrystalline single phase of hexagonal (wurtzite) crystal structure with 

(002) preferred orientation. In general, there is no change in crystal structure 

but there is variation in the degree of preferred orientation and diffraction 

line profile.   

 

Figure (4.22): XRD diffraction pattern of gamma irradiated ZnO thin 

films deposited with gamma irradiation doses. 
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Figure (4.23): XRD diffraction pattern of gamma irradiated Mg doped ZnO 

thin films (5 at.%). 

 

 

  

  

 
Figure (4.24): XRD diffraction pattern of gamma irradiated Mg doped ZnO 

thin films (10 at.%). 
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Figure (4.25): XRD diffraction pattern of gamma irradiated Mg doped ZnO 

thin films (15 at.%). 

  

 

 
Figure (4.26): XRD diffraction pattern of gamma irradiated Mg doped ZnO 

thin films (20 at.%). 

 

The effect of gamma irradiation on the crystallite size and 

microstrain at different doses for ZnO thin film is shown in Fig. (4.27). It 

is observed that gamma irradiation leads to an increase of both the 

crystallite size and microstrain. It was shown that grain growth of thin 

films occurs after ions bombardment when they are grown on amorphous 
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substrate [Mohanty et al., 2007], thus; the inherent properties of the 

substrate play important role. Generation of oxygen vacancies can 

effectively reduce the activation energy of diffusion process for the grain 

growth [Maheshkumar et al., 2011], as the vacancies offer short circuits 

paths for ionic diffusion [Shukla and Seal, 2004]. Also radiation induced 

ionization may significantly lower the surface tension [Byung and jung, 

2008]. These will result in increase of the grain growth. It was found that 

the effect of gamma irradiation effect is qualitatively similar on the 

structure characteristics (grain size and microstrain) of films at different 

doping levels. 

 

 

 

 

Figure (4.27): Effect of gamma irradiation on: (a) microstrain, 

(b) Crystallite size for ZnO thin film. 
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(II) Optical Properties: 

Figs (4.28 – 4.32) show the transmission spectrum for gamma 

irradiated ZnO and Mg doped ZnO. For all samples, it was found that the 

films are highly transparent with an average transmittance (> 80 %) in the 

visible range of the electromagnetic spectra. However, there is small variation 

in the position of absorption edge. The values of energy gaps were estimated 

for the films of different doping levels and irradiation doses. 

 

Figure (4.28): Transmission spectra of gamma irradiated ZnO thin films. 

 

 
Figure (4.29): Transmission spectra of gamma irradiated Mg doped ZnO thin 

films (5 at.%). 
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Figure (4.30): Transmission spectra of gamma irradiated Mg doped ZnO thin 

films (10 at.%). 

  

 

 
Figure (4.31): Transmission spectra of gamma irradiated Mg doped ZnO thin 

films (15 at.%). 
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Figure (4.32): Transmission spectra of gamma irradiated Mg doped ZnO thin 

films (20 at.%). 

 

The effect of gamma irradiation on the band gap of undoped and 

doped ZnO films is shown in Fig. (4.34). It was found that the energy 

band gap decreases with increasing the gamma radiation dose. The 

decrease of the band gap, Eg, may be attributed to the increase in structure 

disorder [Alwan, 2011]. The created defects results in an increase of the 

energy width of band tails of the localized states [Maity and Sharma, 

2011].  

 
Figure (4.33): Variation of Optical energy band gap with gamma radiation 

doses. 
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To investigate the correlation between the gamma irradiation and Mg doping 

effects on ZnO thin films, the difference between the energy gaps values of 0 

and 100 kGy gamma irradiated films at different Mg concentrations have 

been depicted in Fig. (4.34). It was found that the effect of gamma irradiation 

on the energy gap remains constant up to Mg doping concentration ≤ 10 at. 

%; then it becomes more effective at higher doping concentrations.  

 

 

 
 

Figure (4.34): The difference between the energy gaps of 0 and 100 kGy 

gamma irradiated thin films at different Mg doping concentrations.  
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Summary & Conclusions 
     

   Undoped and Mg doped ZnO films were deposited by a homemade 

spray pyrolysis technique; effects of each preparation parameter on the 

structural and optical properties were investigated. Based on the correlation, 

combination and integration of the results from different measurements leads 

to the following conclusions:  

1. Thickness of the films was continuously increasing with 

increasing sprayed solution concentration and spray time, while it 

was decreasing with substrate temperature. 

2. All prepared ZnO films were polycrystalline and fit well with the 

hexagonal (wurtzite) crystal structure, with a preferred orientation 

along the (002) plane.  

3. Increasing of solution concentration enhances the preferred 

orientation and a second phase appears at concentrations > 0.25. It 

was found that the film prepared at solution concentration 0.2 M 

have single phase, the best crystallinity, high crystallite size and 

least internal microstrain. All ZnO films at different solution 

concentrations are highly transparent in the visible range (>80 %).  

4. A second phase (ZnO2) is formed if the preparation temperature   

< 475 °C. Film prepared at 500 °C has single phase and show the 

minimum internal microstrain and maximum crystallite size as 

well as high transmission. 

5. A second phase was observed corresponding to ZnO2 was formed 

at high spray time (> 15 min). The film deposited at spray time   

15 min has the lowest internal microstrain and those deposited at 

spray time ≤ 15 min are highly transparent with an average 

transmittance (> 80 %). 

6. Optimized ZnO film was doped by Mg and it was observed that 

all Mg doped ZnO films are single phase, polycrystalline of 

hexagonal structure, with a preferred orientation along the (002) 

plane.  
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7. As Mg concentration increased the intensity corresponding to 

(002) plane decrease, and the crystallite size decrease while the 

transmission (>80 %) and electrical resistivity increases.  

8. It was found that the optical energy band gap and the activation 

energy increase with increasing the Mg concentration. 

9. It was observed that the crystallite size increase with increasing 

the gamma irradiation dose due to decrease of the surface energy 

and activation energy of diffusion process of the grain growth. 

10.  The gamma irradiated films are highly transparent in the visible 

region, with an average transmittance (> 80 %), it was found that 

the optical band gap decreases with increasing the gamma 

irradiation doses.   

11. It was investigated that the effect of radiation on the energy gap 

remains constant up to Mg doping concentration ≤ 10 at. %; then 

it becomes more effective at higher doping concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 87 References 

References: 

 

1. Abdel-wahab, A. A. (2012), M. Sc., Helwan University. 

2. Agashe, C.; Takwale, M. G. and Bhide, V. G. (1991), Journal of 

Applied Physics, 70, 7382. 

3. Alarcón, J; Ponce, S.; Paraguay-Delgado, F and Rodríguez, J. 

(2011), Journal of Colloid and Interface Science, 364, 49. 

4. Albinali, A. and Willis, B. T. M. (1982) J. Appl. Cryst., 15, 361. 

5.  Alwan, T. J. (2011), Turk J. Phy., 36, 377. 

6. Arshak, K. and Korostynska, O. (2006), Materials Science and 

Engineering: B, 133, 1. 

7. Ashour, A.; Kaid, M.A.; El-Sayed, N.Z.and Ibrahim, A.A. (2006), 

Applied Surface Science, 252, 7844. 

8. Aslan, M. H.;  Oral, A.Y.; Menşur, E.; Gül, A. and Başaran, E 

(2004), Solar Energy Materials and Solar Cells, 82, 543. 

9.  Asthana, R.; Kumar, A and Dahotre, N. B. (2006), “Materials 

Processing and Manufacturing Science”, Butterworth-

Heinemann, pp.493. 

10.  Ayouchi, R.; Martin, F.; Leinen, D. and Ramos-Barrado, J.R. 

(2011), Journal of Crystal Growth, 247, 497. 

11.  Bacaksiz, E.; Parlak, M., Tomakin, M.; zҫelik, A.; Karakız,M. 

and Altunbaș, M. (2008), Journal of Alloys and Compounds, 466, 

447. 

12. Bangale, S.V. and Bamane S. R. (2011), “Der Chemica Sinica ”, 

2, 22. 

13. Barret, C. S. and Massalski, T. B. (1966), "Structure of Metals: 

crystallographic methods, principles and data", McGraw-Hill 

Series in Materials Science and Engineering, pp. 193-222. 

14. Barret, C.S.  and Massalski, F.B. (1980), Handbook “Structure of 

Metals”, Pergamon Press, Oxford. 

15.  Benramache, S. and Benhaoua, B (2012), Superlattices and 

Microstructures, 52, 807. 

http://www.sciencedirect.com/science/article/pii/S0927024804000807
http://www.sciencedirect.com/science/article/pii/S0927024804000807
http://www.sciencedirect.com/science/article/pii/S0927024804000807
http://www.sciencedirect.com/science/article/pii/S0927024804000807
http://www.sciencedirect.com/science/article/pii/S0927024804000807
http://www.sciencedirect.com/science/journal/09270248
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Rajiv+Asthana%22&source=gbs_metadata_r&cad=11
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Ashok+Kumar%22&source=gbs_metadata_r&cad=11
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Narendra+B.+Dahotre%22&source=gbs_metadata_r&cad=11
http://pelagiaresearchlibrary.com/der-chemica-sinica/index.html


 88 References 

16. Benzarouk, H; Drici, A; Mekhnache, M; Amara, A; Guerioune, M 

and Bernède, J. C. (2012), Superlattices and Microstructures, 52, 

594. 

17.  Bhole, M.P.; Samuela, E.P.  and Patil, D.S. (2008), Journal of 

Modern Optics, 55, 1427. 

18. Bilkova, P.; Zemek, J.; Mitu, B.; Marotta, V. and Orlando, S. 

(2006), Applied Surface Science, 252, 4604. 

19.  Boshta, M.; Abou-Helal, M.O.; Ghoneim, D.; Mohsen, N.A.and 

Zaghlool, R.A. (2010), Surface & Coatings Technology, 205, 271. 

20. Byung, M. W. and Jung, H. J. (2008), Applied Physics Letters, 93, 

244105. 

21. Chacko, S.; Sajeeth Philip, N and Vaidyan, V. K. (2007), physica 

status solidi (a), 204, 3305. 

22. Chiba, Y.; Meng, F.; Yamada, A and Konagai, M. (2007), 

Japanese Journal of Applied Physics, 46 5040. 

23. Chopra, K. L. and Kaur, I. (1983), “Thin Film Device 

Applications”, Plenum Press, New York, pp. 1-3. 

24. Chopra, K.L.; Major, S. and Pandaya, D.K. (1983), Thin Solid 

Films 102, 1. 

25. Chow, L. W.; Lei Y. C.; Lwok, H. L. (1981), Thin Solid Films, 81, 

3706. 

26. Çopuroğlu, M.; O'Brien, S. and Crean, G. M. (2009), Thin Solid 

Films, 517, 6323. 

27. Cox, D. E., Toby, B. H. and Eddy, M. M., Austral. (1988), 

Journal of Physics, 41, 117. 

28. Cullity, B. D. (1978a), "Elements of X-Ray Diffraction", Addison-

Wesley Publishing Company, INC.,pp. 501. 

29. Cullity, B. D. (1978b), "Elements of X-Ray Diffraction", Addison-

Wesley Publishing Company, INC.,pp. 502. 

30. Demichellis, F; Kaniadakis, G; Tagliaferro, A. and Tresso, E. J. 

(1987), Applied Optics, 26, 1737. 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Bhole%2C+M.P.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Samuel%2C+E.P.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Patil%2C+D.S.)
http://iopscience.iop.org/0953-8984


 89 References 

31. Ebbing, D. D.; Gammon, S. D. (2009a), “General chemistry”, 

Cengage Learning, pp. 329. 

32. Ebbing, D. D.; Gammon, S. D. (2009b), “General chemistry”, 

Cengage Learning, pp. 339-340. 

33. Emanetoglu, N. W. ; Muthukumar, S. ; Wu, P. ; Wittstruck, R.H. ; 

Chen, Y  and Lu, Y. (2003), IEEE Transactions on Ultrasonics, 

Ferroelectrics and Frequency Control, 50, 537.  

34. Evans, R. D. (1955), “The Atomic Nucleus”, McGraw-Hill Book 

Co., New York. 

35. Fouad, O.A.; Ismail, A.A.; Zaki, Z.I.; Mohamed, R.M. (2006), 

Applied Catalysis B: Environmental, 62, 144. 

36. Ganesan, Y (2006), M. Sc., The University of Texas at Arlington. 

37. Goyal, Aand  Kachhwaha, S. (2012), Materials Letters, 68, 354. 

38. Hamedani, H. A. (2008), M. Sc., Georgia Institute of Technology. 

39. Hannay, N. B. (1959), “Semiconductors”, Reinhold Publishing 

Corporation, pp.1.  

40. Hashem, H. M. (2001), M. Sc., Helwan University. 

41. Hashem, H. M. (2008), Ph. D., Helwan University. 

42. Hassanien, A, E. (2011), M. Sc., Helwan University. 

43. Hastings, J. B., Thomlinson, W. and Cox, D. E. (1984), J. Appl. 

Cryst., 17, 85. 

44. Heavens, O.S., (1965), “Optical Properties of Thin Solid Films”, 

Dover Publication. 

45. Hill, T. Y. (2010), M. Sc., Wright State University. 

46. Howard, S. A. and Snyder, R. L. (1983), “Advances in X-Ray 

Analysis “, 26 73. 

47. Huang, K; Tang, Z; Zhang, L; Yu, J; Lv, J; Liu, X and Liu, F 

(2012), Applied Surface Science, 258, 3710. 

48.  Jones, A. F. and Misell, D. L. (1970), J. Phys. A: Gen. Phys., 3, 

462. 

49. Kaushal, A and Kaur, D (2009), Solar Energy Materials & Solar 

Cells, 93, 193. 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Darrell+D.+Ebbing%22&source=gbs_metadata_r&cad=7
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Steven+D.+Gammon%22&source=gbs_metadata_r&cad=7
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Darrell+D.+Ebbing%22&source=gbs_metadata_r&cad=7
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Steven+D.+Gammon%22&source=gbs_metadata_r&cad=7
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Emanetoglu,%20Nuri%20W..QT.&searchWithin=p_Author_Ids:37320928500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Muthukumar,%20S..QT.&searchWithin=p_Author_Ids:37327087700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Pan%20Wu.QT.&searchWithin=p_Author_Ids:37553513400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wittstruck,%20R.H..QT.&searchWithin=p_Author_Ids:37726546300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chen,%20Yimin.QT.&searchWithin=p_Author_Ids:38045936000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yicheng%20Lu.QT.&searchWithin=p_Author_Ids:37280555400&newsearch=true
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=0376-0308
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=0376-0308
http://www.sciencedirect.com/science/article/pii/S0169433211019027
http://www.sciencedirect.com/science/article/pii/S0169433211019027
http://www.sciencedirect.com/science/article/pii/S0169433211019027
http://www.sciencedirect.com/science/article/pii/S0169433211019027
http://www.sciencedirect.com/science/article/pii/S0169433211019027
http://www.sciencedirect.com/science/journal/01694332


 90 References 

50. Khorsand Zak, A; Abd. Majid, W.H.; Abrishami, M.E.; Yousefi, 

R (2011), Solid State Sciences, 13, 251. 

51. Kittel, C. (2005), “Introduction to Solid State Physics”, John 

Wiley & Sons, INC., pp. 25. 

52. Knoll, G. F. (1979),” Radiation Detection and Measurement”, 

John Wiley& Sons, New York. 

53. Kortidis, I.; Moschovis, K.; Mahmoud, F.A. and Kiriakidis, G. 

(2009), Thin Solid Films, 518, 1208. 

54. Krumm, S. (1999), Copmuters Geosciences, 25, 489. 

55. Krumm, S., (1996), Materials Science Forum, 228-231, 183. 

56. Lokhande, B. J. and Uplane, M.D. (2001), Materials Research 

Bulletin, 36, 439. 

57. Maheshkumar, L. M.; Shirsath, S. E..; Dhage, V. N. . and Jadhav, 

K. M. (2011), Nuclear Istruments and Methods in Pysics Research 

B, 269, 2026. 

58. Maity T. K. and Sharma, S. L. (2011), Indian Journal of Pure & 

Applied Physics, 49, 606. 

59.  Maity, T. K. and Sharma S. L. (2011), Indian Journal of Pure & 

Applied Physics, 49, 606. 

60. Minemoto, T; Hashimoto, Y; Shams-Kolahi, W; Satoh, T; 

Negami, T.; Takakura, H and Hamakawa, Y (2003), Solar Energy 

Materials and Solar Cells, 75, 121. 

61. Mittemeijer, E. J. and Delhez, R. (1980), "Accuracy in powder 

diffraction", Natl Bur. Stand. Spec. Publ. 567 (Ed. S. Block and C. 

R. Hubbard), pp. 271-314. 

62. Mohanty, T.; Batra, Y., Tripathi, A. and Kanjilal, D. (2007), 

Journal of Nanoscience and Nanotechnology, 7, 2036. 

63. Moholkar, A. V.; Pawar, S. M.; Rajpure, K. Y. and Bhosale, C.H. 

(2008), Journal of Alloys and Compounds, 455, 440. 

64. Moss, T. S. (1959), “Optical Properties of Semiconductors”, 

Butterworth Scientific Publications, 34. 



 91 References 

65. Naeem, M.; Javed, I. M. and Hussain, G. I. (2011), Journal of 

Magnetism and Magnetic Materials, 323, 259. 

66. Nolan, Peter J. (1995), “Fundamentals of College Physics”, Wm. 

C. Brown Communications, Inc., 925, 934, 937.   

67.  Paraguay, F.; Estrada, W.; Acosta, D.R.; Andrade, E. and Miki-

Yoshida, M (1999), Thin Solid Films, 350,192. 

68.  Patil, D.S.; Shelke, V; Bhole, M.P. (2012), Solid State Sciences, 

14, 705. 

69. Pawar, S. H.,; Tamhankar, S. P.; Lokhande, C. D. (1984), J. 

Mater. Sci. Lett., 3, 427. 

70. Pearton, S.J.; Norton, D.P.; Heo, I.Y.; Steiner, T. and Vac. J. 

(2004), Journal of Vacuum Science & Technology B, 22, 932. 

71. Penza M.; De Riccardis M. F.; Mirenghi L.; Tagliente M. A., and 

Verona E. (1995), Thin Solid Films, 259,154. 

72. Podgorsak, E.B. (2005), “Radiation Oncology Physics: A 

Handbook for Teachers and Students”, International Atomic 

Energy Agency, Vienna, 5.  

73. Prasada Rao, T. and Santhoshkumar, M.C. (2008), Applied 

Surface Science, 255, 4579. 

74. Prasada Rao, T.; Safarulla, A.;  Ganesan, V.;  Barman, S.R. and 

Sanjeeviraja, C. (2010), Physica B: Condensed Matter, 405, 2226. 

75. Prince, E. (1981) J. Appl. Cryst., 14, 157. 

76. Pulker, H. K. (1984) "Coatings on Glass", Elsevier, Amsterdam, 

the Netherlands, 292.  

77. Ramgir, N.S.; Hwang, Y.K.; Mulla, I.S. and Chang, J.S. (2006), 

Solid State Sciences, 8, 359. 

78. Ratheesh Kumar, P. M. (2007), Ph. D., Cochin University of 

Science and Technology. 

79.  Reddy K. T. R.; Prathap, P.; Revathi, N.; Reddy, A.S.N.and 

Miles, R.W. (2009), Thin Solid Films, 518, 1275. 

http://avspublications.org/jvstb/
http://www.sciencedirect.com/science/article/pii/S092145261000178X
http://www.sciencedirect.com/science/article/pii/S092145261000178X
http://www.sciencedirect.com/science/article/pii/S092145261000178X
http://www.sciencedirect.com/science/article/pii/S092145261000178X
http://www.sciencedirect.com/science/article/pii/S092145261000178X
http://www.sciencedirect.com/science/journal/09214526


 92 References 

80. Rodríguez, J. A and García, M. F. (2007), “Synthesis, properties, 

and applications of oxide nanomaterials”, John Wiley & Sons, 

inc., pp.1. 

81.  Salina, M.; Ahmad, R; Suriani, A. B.; Rusop, M. (2012), 

Transactions on Electrical and Electronic Materials, 13, 64. 

82. Samuel, E. P.; Bhole, M. P. and Patil, D. S. (2006), Semiconductor 

Science and Technology, 21, 993.  

83. Shannon, R. D. (1976), Acta Crystallographica Section A, 32, 

751. 

84. Sherrer, P. (1918), Gottinger Nachr., 2, 98. 

85. Shin, B.C.; Shan, F.K.; Liu, G.X.; Lee, W.J. (2006), Journal of 

Crystal Growth, 291,328.  

86. Shinde, S.S.; Bhosale, C.H. and Rajpure, K.Y. (2012), Journal of 

Molecular Structure, 1021, 123. 

87.  Shinde, S.S.; Patil, P.S.; Gaikwad, R.S.; Mane, R.S.; Pawar,    

B.N. and Rajpure K.Y. (2010), Journal of Alloys and Compounds, 

503, 416. 

88. Shinde, V.R.; Gujar, T.P. and Lokhande, C.D. (2007), Sensors and 

Actuators B, 120, 551. 

89.  Shukla, S. and Seal, S. (2004), Journal of Nanoscience and 

Nanotechnology, 4, 125. 

90. Singh, P.; Kumar, A.; Deepak, Kaur, D. (2007), Journal of Crystal 

Growth, 306 303. 

91. Sonawane, B.K.; Bhole, M.P. and Patil, D.S. (2010), Physica B, 

405, 1603. 

92. Storm E. and Israel H., “Photon Cross Sections from 0.001 to 100 

MeV for Elements 1 through 100,” Los Alamos Scientific 

Laboratory report LA-3753 (1967). 

93. Swanepoel, R. J. (1983), Journal of Physics E: Scientific 

Instruments, 16, 214. 

94. Swapna, R. and Santhosh Kumar, M.C. (2012), Journal of 

ceramics international, 38, 3875. 

http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Jos%C3%A9+A.+Rodr%C3%ADguez%22
http://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Marcos+Fern%C3%A1ndez+Garc%C3%ADa%22
http://iopscience.iop.org/0268-1242/
http://iopscience.iop.org/0268-1242/
http://iopscience.iop.org/0268-1242/
http://iopscience.iop.org/0022-3735
http://iopscience.iop.org/0022-3735


 93 References 

95. Tanaka, K.; Minemoto, T and Takakura, H (2009), Solar Energy, 

83, 477. 

96. TATAR, D.; TURGUT, G. and DÜZGÜN, B. (2011), Rom. 

Journ. Phys., 58, 143. 

97. Tauc, J.; Grigorovici R. and Vancu, A. (1966), Phys. Status Solidi 

(b), 15, 627. 

98. Tsay, C.-Y.; Fan, K.-S.; Wang, Y.-W.; Chang, C.-J.; Tseng, Y.-K. 

and Lin, C.-K. (2010), Ceramics International, 36, 1791.  

99. Van Heerden, JL and Swanepoel R. (1997), Thin Solid Films, 299, 

72. 

100.  Vegard, L.   (1921), Z. Phys., 5, 17. 

101. Vimalkumar, T. V. (2011), Ph. D., Cochin University of Science 

and Technology 

102. Wiles, D. B. and Young, R. A. (1981), J. Appl. Cryst., 14,  

103. Williamson, G.B. and Smallman, R.C. (1956), Philosophical 

Magazine, 1, 34. 

104. Yadava, A. A.; Masumdara, E. U., Moholkar, A. V.; Neumann-

Spallartc, M.; Rajpured K. Y. and Bhosaled C. H. (2009), Journal 

of Alloys and Compounds, 448, 350.  

105. Yamada, A. Matsubara, K.; Sakurai, K.; Ishizuka, S.; Tampo, 

H.;  Fons, P.J;  Iwata, K.; and Niki, S. (2004), Applied Physics 

Letters, 85, 5607. 

106. Yau, W.-H; Tseng, P.-C.and Lian, D. (2011), Nuclear 

Instruments and Methods in Physics Research B, 269, 1450.  

107.  Yogamalar, R; Srinivasan, R; Vinum, A; Ariga, K and Bose, A.C. 

(2009), Solid State Communications, 149, 1919. 

108. Young, R. A. (1982) J. Appl. Cryst., 5, 357. 

109. Zahedi, F.; Dariani, R.S. and   Rozati, S.M. (2013), Materials 

Science in Semiconductor Processing, 16, 245. 

110.  Zaier, A.; El az, F. O.; Lakfif, F.; Kabir, A.; Boudjadar, S. and 

Aida, M.S. (2009), Materials Science in Semiconductor 

Processing, 12, 207. 

http://apl.aip.org/
http://apl.aip.org/
http://apl.aip.org/
http://www.sciencedirect.com/science/article/pii/S1369800112002673
http://www.sciencedirect.com/science/article/pii/S1369800112002673
http://www.sciencedirect.com/science/journal/13698001
http://www.sciencedirect.com/science/journal/13698001
http://www.sciencedirect.com/science/journal/13698001


 94 References 

111. Zaleta-Alejandre, E.; Camargo-Martinez, J; Ramirez-Garibo, A.; 

Pérez-Arrieta, M.L.; Balderas-Xicohténcatl, Rivera-Alvarez, Z.; 

Aguilar-Frutis, M. and Falcony, C (2012), Thin Solid Films, 524, 

44.  

112.  Zhang, H. Z.; Sun, X. C.; Wang, R. M. and Yu, D. P. (2004), 

Journal of Crystal Growth, 269, 464. 

113. Zhang, J; Zhang,Y; Xu, K. W.; Ji, V (2006), Solid State 

Communications, 139, 87.  

114.  Zhang, X; Li, X. M.; Chen, T. L.; Bian, J. M. and Zhang, C. Y. 

(2005), Thin Solid Films, 492, 248. 

115.  Zhao, D; Liu, Y.; Shen, D; Zhang, J; Lu, Y and Fan, X (2003), 

Journal of Crystal Growth, 249, 163. 

116.  Zhao, Q; Zhang, H. Z.; Zhu, Y. W.; Feng, S. Q.; Sun, X. C.; Xu,    

J. and Yu, D. P. (2005), Applied Physics Letters, 86, 203115. 

http://apl.aip.org/


 Summary in Arabic 

 الملخص العربي

 

 "ة لبعض أكاسيد الموادـب و الخواص الفيزيائيـاع و التطعيم علي التركيـأثير اإلشعـت"
 

في العديد من التطبيقات، مثل االجهزة  أكاسيد الموادتستخدم االغشية الرقيقة من 

ة الميكروالكترونية، االقطاب المنفذة للضوء في الخاليا الشمسية، األسطح العاكسة و االجهز

في العديد من الدراسات، حيث انه يد الزنك سالحساسة للغازات. في السنوات الحالية ، يستخدم اك

 يمتلك نفاذية و توصيلية كهربية عالية ، كما انه ذو تكلفة قليلة.

و قد تم تحضير شرائح رقيقة من اكسيد الزنك بطريقة الترذيذ الكيميائي الحراري علي أسطح 

تأثير عوامل التحضير المختلفة مثل تركيز المحلول، درجة حرارة زجاجية، كما تم دراسة 

بالطريقة السطح، و زمن الترسيب علي التركيب والخواص الضوئية ثم تم قياس سمك الشرائح 

الميكانيكية، وتم كذلك عمل التحليل التركيبي بإستخدام حيود اآلشعة السينية، بينما تم قياس النفاذية 

نانومتر بإستخدام مطياف مزدوج اآلشعة، وقد استخدمت  033الي  033الضوئية في المدي من 

  طريقة القطبين لقياس المقاومة الكهربية مع تغيير درجة الحرارة من درجة حرارة الغرفة الي

 .°م 03

 متعدد التبلور تحت تأثير كل عوامل الترسيب، وجد ايضاسداسي و قد تم الحصول علي تركيب 

 )330هو )ان نوع االتجاه التبلوري المفضل 

مول تحت درجة  3.0 وجد انه مع تغيير المحلول، تتمييز الشريحة المحضرة بتركيز محلول

تحتوي علي اقل انفعال داخلي و عيوب تركيبية،  دقيقة  50وزمن ترسيب  °م 033حرارة 

 .وتمتاز بالنفاذية العالية في المنطقة المرئية

، وقد تم الحصول % 03الي  0بتركيزات مختلفة من اكيد الزنك بالماغنسيوم  تم تطعيم شرايح

لوحظ ان وقد علي تركيب أحادي الطور متعدد التبلور تحت تأثير كل نسب التطعيم المختلفة، 

 حجم الحبيبات يقل بزيادة نسبة الماغنسيوم.

ن الماغنسيوم، بينما تزداد وقد وجد ايضا ان فجوة الطاقة الضوئية تزداد بزيادة نسبة التطعيم م

 مقاومة الشرائح الكهربية.

اما علي شرئح اكيد الزنك، وشرائح اكسيد الزنك المطعمة بالماغنسيوم، دراسة تأثير اشعة ج تم

بينما تقل فجوة الطاقة الضوئية  جرعة التشعيع الجامي، وجد ان حجم الحبيبات يزداد بزيادة 

 .الجامية بزيادة الجرعة

 

 

 

 

 



 Summary in Arabic 

 

 

 



 

 

 

 

 

 

 

 

 
ة ـب و الخواص الفيزيائيـاع و التطعيم علي التركيـأثير اإلشعـت

 لبعض أكاسيد المواد
 

 مقدمة  رسالة

 

 فى العلوم  الماجستيرللحصول على درجة 

 )تخصص فيزياء الجوامد(

 

 إلى

 

 جامعة حلوان –كلية العلوم 

 

 من

 

 ثريا محمد سيد عبد الحليم

 وانجامعة حل -(5002)بكالوريوس علوم  

 

                                     0213 
 

 

 

 

 

 



 

ة ـب و الخواص الفيزيائيـاع و التطعيم علي التركيـأثير اإلشعـت
 لبعض أكاسيد المواد

 
 

 مقدمة  رسالة

 

 فى العلوم  الماجستيرللحصول على درجة 

 )تخصص فيزياء الجوامد(

 

 إلى

 جامعة حلوان –كلية العلوم 

 

 من

 عبد الحليم ثريا محمد سيد

جامعة حلوان - (5002)بكالوريوس علوم   

 

نالمشرفو  

 

 د./ أحمد أحمد رمضان أ.

 جامعة حلوان –كلية العلوم  -قسم الفيزياء

 

  صبحية محمد السيدأ.د./ 

 هيئة الطاقة الذرية -المركز القومي لبحوث و تكنولوجيا اإلشعاع  

 

  

 أ.د./ أحمد حسين عاشور

 هيئة الطاقة الذرية -قومي لبحوث و تكنولوجيا اإلشعاع  المركز ال

 

 هاني محمد هاشمد./ 

 جامعة حلوان –كلية العلوم  -قسم الفيزياء



 

ة ـب و الخواص الفيزيائيـاع و التطعيم علي التركيـأثير اإلشعـت
 لبعض أكاسيد المواد

 
 

 مقدمة  رسالة

 

 فى العلوم  الماجستيرللحصول على درجة 

 ء الجوامد()تخصص فيزيا

 

 إلى

 جامعة حلوان –كلية العلوم 

 

 من

 ثريا محمد سيد عبد الحليم

جامعة حلوان - (5002)بكالوريوس علوم   

 

 المحكمون

 

 

 أ.د./ كمال عبد الهادي محمد

  جامعة المنيا  -كلية العلوم -قسم الفيزياء

 

 أ.د./ محمد محمود العقر

 األزهرجامعة  –كلية العلوم  -قسم الفيزياء

 

 د./ أحمد أحمد رمضان أ.

 جامعة حلوان –كلية العلوم  -قسم الفيزياء

 

 أ.د./ صبحية محمد السيد 

 هيئة الطاقة الذرية -المركز القومي لبحوث و تكنولوجيا اإلشعاع  


