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Abstract 

     In this paper was prepared MgxZn1-xO films using a chemical spraying pyrolysis (CSP) technique, and 

different proportions volumetric of Mg-content (0,30, 50, 70, and 90)%, and deposited  on the glass 

substrates at a temperature of (450)°C, were thickness fixed by fixing a number sprinkles and was  

thickness of all the films ranges between(80±5)nm, was used as a gas holder nitrogen. The crystal 

structure was examined using X-ray diffraction (XRD) technique. The results showed that all the films 

prepared polycrystalline, showing improvement in the crystal. Were studied topography of the surface of 

the films prepared using atomic force microscopy (AFM), and showed that the grain size of the ZnO 

nanostructure depends on the ratio of Mg-content of volumetric, where decreases the grain size with 

increasing  Mg-content. As well as the increase in the proportion of Mg-content in the films lead to a 

decrease in surface roughness. As has been the study of the optical properties of the films prepared 

through the optical transmittance measurements in the spectral region (300-700) nm. The results of the 

transmittance ranging from (82-94)% when increase the Mg-content from(30 to 90)%. It also was 

measured absorbance and the reflectivity of all the films. Also were measured absorption coefficient for 

all the films were its value higher than (10
4
)cm

-1
. The optical constants such as refractive index, extinction 

coefficient and dielectric constant have been calculated for all preparing films. 
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 انخلاطخ 

يٍ يذزىي انًغُُسُىو  ثبسزخذاو رقُُخ انشش انكًُُبئٍ انذشاسٌ وثُست دجًُخ يخزهفخ MgxZn1-xO فٍ هزا انجذث رى رذضُش أغشُخ      

( دسجخ يئىَخ ورى رثجُذ انسًك يٍ خلال رثجُذ عذد 450عهً قىاعذ صجبجُخ عُذ دسجخ دشاسح ) وانًشسجخ  %(90 و70  ،50 ،30 ،0)

رى رشخُض انزشكُت انجهىسٌ نلأغشُخ  وانُُزشوجٍُ. غبص اسزخذو رى ( َبَىيزش وقذ 00±5انششبد وكبٌ سًك جًُع الاغشُخ َزشاوح ثٍُ )

  هىس وأظهشد رذسٍ انجُُخانزج كبَذ يزعذدح  جًُع الأغشُخ انًذضشح  إٌ  أوضذذ انُزبئج( و XRD) ثزقُُخ دُىد الأشعخ انسُُُخ

لأوكسُذ انُبَىٌ انذجى انذجُجٍ واٌ . (AFM)دسسذ طجىغشافُخ انسطخ نلأغشُخ انًذضشح ثبسزخذاو يجهش انقىي انزسَخ و .انجهىسَخ

ضَبدح يذزىي انًغُُسُىو. كزنك إٌ صَبدح َسجخ ث، دُث َُخفض انذجى انذجُجٍ انذجًُخ َعزًذ عهً َسجخ يذزىي انًغُُسُىو  ZnO انضَك

يٍ خلال قُبسبد انخظبئض انجظشَخ نلأغشُخ انًذضشح  دساسخ ذرً ويذزىي انًغُُسُىو فٍ الاغشُخ  رؤدٌ إنً َقظبٌ خشىَخ انسطخ. 

 عُذ صَبدح يذزىي انًغُُسُىو (%44 -08)َبَىيزش. وكبَذ َزبئج انُفبرَخ رزشاوح يٍ  ( 000 – 000) انُفبرَخ انجظشَخ فٍ انًُطقخ انطُفُخ

الايزظبطُخ  والاَعكبسُخ نجًُع الاغشُخ. ثبلإضبفخ انً رنك رى قُبط يعبيم الايزظبص  نجًُع الاغشُخ  قُبطرى  و. (%40 –00يٍ )

cmوكبَذ  قًُزخ  أعهً يٍ 
-1

 (00
4

ُقٍ وانخُبنٍ رى دسبة انثىاثذ انجظشَخ كًعبيم الاَكسبس ويعبيم انخًىد وثبثذ انعضل انذق و(. 

 نجًُع الأغشُخ انًذضشح.

 ،انخظبئض انزشكُجُخ وانجظشَخ MgZnO، انكهًبد انًفزبدُخ: انشش انكًُُبئٍ

 .انجذث يسزم يٍ اطشودخ دكزىساِ نهجبدث انثبٍَ  *
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1. Introduction 

      Zinc oxide (ZnO) crystallize preferentially in 

the stable hexagonal wurtzite structure at room 

temperature and normal atmospheric pressure. It 

has lattice parameters a= (0.325) nm,and c = 

(0.521) nm with a density of (5.606) g. cm
-3

. The 

electronegativity values of and O
-2 

 Zn
+2

 are 

(3.44) and (1.65) respectively, resulting in very 

strong ionic bonding between Zn
+2

 and O
-2

. Its 

wurtzite structure is very simple to explain, 

where each O
-2

  ion is surrounded tetrahedral by 

four Zn
+2

 ions and vice versa, stacked 

alternatively along the c-axis. It is clear that this 

kind of tetrahedral arrangement of O
-2

 and Zn
+2

 

in ZnO will form a noncentral symmetric 

structure composed of two interpenetrating 

hexagonally closed packed sub-lattices of Zn and 

O that are displaced with respect to each other by 

an amount of (0.375) along the hexagonal axis. 

This is responsible for the piezoelectricity 

observed in ZnO, and it also plays a an important 

role in crystalline growth, defect generation and 

etching
 
[1]. (MgO) is a highly ionic crystal solid 

which crystallized into a rock salt structure, it 

has (FCC) Mg
+
 and O

-
 sublattice and low energy 

neutral (100) cleavage planes, viewed as an 

arrangement of hard sphere bound together by 

electrostatic forces. In an MgO unit cell (14) O 

ions are closed packed into a face-centered cubic 

structure, while (12) Mg ions are located at the 

center of the cube edges and one magnesium ion 

located at the cube center MgO is typical wide 

energy gap (7.8) eV semiconductor, represents 

an important class of functional metal oxides 

with a broad range of properties. The addition of 

impurities among the wide energy gap 

semiconductors often induces dramatic changes 

in their structural and optical properties. 

Furthermore, the bonding strength of Mg-O is 

stronger than that of Zn-O, therefore MgZnO is 

expected to have higher lattice stability than ZnO 

[2]. The aims of this paper to reveal specific 

properties of MgxZn1-xO thin films                        

nanocrystallite  materials. Initially the group of 

samples have been prepared by (CSP) technique 

at different work conditions on glass substrates. 

That supposed to result in the different structural 

and surface morphology properties of the 

nanostructures to be obtained, also the optical 

and photoluminescence properties. 

2. The Theoretical Part 

    The many crystal phases available in 

transparent conductive oxides(TCOs), hexagonal 

structure is the dominant phase in ZnO material, 

hexagonal phase is characterized by determining 

the a-lattice constant and c-lattice constant from 

X-ray spectrum and by using the following 

formula [3]: 

 

    
   

  

 
(        

  )    

                    (1) 

Where (hkl) are Miller indices ,the a-parameter 

is obtained from the plane (h00), while the plane 

(00l) is used to obtain c-parameter. In the case of 

cubic diamond phase such as crystalline silicon, 

the a-lattice constant can be obtained from [3]: 

 

    
   (        

  )                               (2) 

Where dhkl interplanar spacing.  Plays crystalline 

size of the material crystallized an important role 

in determining the properties of matter, and can 

be estimated from X-ray diffraction technique in 

a way full width at half maximum and called 

relationship Shearer [4]. 

             
        

         
                                       (3) 

Where    crystallite size,   full width at half 

maximum,   wavelength. Macrostrain can be 

calculated by  angle X-ray diffraction (XRD) and 

full width at half maximum (FWHM)  by the 

relationship: 

            
      

 
                                             (4) 

Where    macrostrain. After knowing the 

crystallite size  by X-ray diffraction (XRD) 

technique the dislocation density( ) can be 

calculated using the following relation:  

   
 

  
                                                     (5) 

 

Where   dislocation density. As for  number of 

crystalline layers    which could be calculated 

due to the percolation theory, and  it depends on 

the film thickness     as the relation [5]:  

   
 

  
                                                   (6) 

   The intensity of the photon flux decreases 

exponentially with distance through the 

semiconductor according to the following 

equation [6]. 
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                                                (7)
                            

 

Where Io, I are the incident and the transmitted 

photon intensity respectively and   is the 

absorption coefficient.  The direct transition in 

general occurs between top of valence band and 

bottom of conduction band (vertical transition) at 

the same wave vector (Δk=0) for conservation of 

momentum. This transition is described by the 

following relation [7]. 

                      (     )
   

                    (8) 

Where    is inversely proportional to 

amorphusity,    is the photon energy,    is the 

energy gap. The refractive index value can be 

calculated from the formula [8]. 

                 (
  

         
 )

 
 ⁄

 
     

     
           (9)    

Where   is the reflectance, and can be expressed 

by the relation [9]. 

                 
      

      

   
 

   
                                       (10)                                           

    The extinction coefficient, which is related to 

the exponential decay of the wave as it passes 

through the medium, is defined as [8]. 

                  
  

  
                                            (11) 

    The real and imaginary part of dielectric 

constant can be calculated by using the following 

equation [7]. 

                                (12) 

Where 

                     r=n
2
 –ko

2
                                   (13) 

and 

                                                (14) 

 

3. The Experimental Part 

      The nanostructures MgxZn1-xO thin films 

were prepared by (CSP) technique under 

ambient atmosphere on glass substrate, when the 

different Mg-contents (0,30,50,70,and 90)%, 

temperature (450)
o
C, and under pressure 

nitrogen (4.5)bar. X-ray  diffraction (XRD) is 

one of the most powerful techniques for 

qualitative and quantitative analysis of 

crystalline composites. This technique has long 

been used to determine the general structure of 

solids such as thin films, including crystalline 

size, lattice constants, interplanar spacing, 

orientation of crystals (single or 

polycrystalline),defects, etc. In this study XRD 

type Shimadzu, power diffraction system with 

Cu-Kα X-ray tube (λ =1.54) Ǻ is used. The      

X-ray scans are performed between 2θ values of 

(20°-60°). The FESEM study carried out by    

(S-4300 of Hitachi, S-4700 FESEM in Islamic 

republic of Iran/ university of Tehran/ Razi 

foundation) scanning electron microscopy 

equipped with energy dispersive X-ray 

spectroscopy EDS. The operation principle of an 

AFM - type (Nanoscope III and dimension 3100) 

the consists of a cantilever and a sharp tip at end. 

The surface of the sample is scanned with the 

tip, whereas the distance between the sample 

surface and the tip is short enough, to allow the 

van der Waals forces between them which cause 

deflection of the cantilever. That the deflection 

follows Hooke's law and the spring constant of 

the cantilever is known, thus the amount of 

deflection and further, the topographical profile 

of the sample can be determined. Typically, the 

deflection is measured by using a laser spot 

reflected from the back surface of the cantilever 

into an array of photodiodes. The transmittance, 

absorbance, and reflectance optical ofMgxZn1-xO 

thin films with different Mg-contents (x=0, 

30,50,70,and90)% on silicon substrate, 

temperature(450)
o
C, and under pressure 

nitrogen(4.5) bar, by using spectrophotometer 

(CARY100 CONC plus UV-Vis-NIR, Split-

beam optics, dual detectors), for the wavelength 

range from (300-700) nm. The optical properties 

are calculated from these optical measurements. 

4. Results and Discussion  

     The results and discusses the effect of mixing, 

on the characterization structural and optical 

properties of the MgxZn1-xO films grown by 

(CSP),also the structural and optical 

measurements such as, X-ray diffraction (XRD) 

technique, surface morphological features by 

(AFM).The transmittance, absorbance, and 

reflectance optical by (UV-Vis). 

4.1 X-Ray Diffraction (XRD): 

     Fig.1 shows the (XRD) profiles of MgxZn1-xO 

thin films deposited at a substrate  temperature 

of(450)
o
C for different Mg-contents 

(x=0,30,50,70,and 90)%. The presence of 

diffraction peaks indicates that the film is 

polycrystalline with a hexagonal wurtzite type 

crystal structure. It revealed that the film have 
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three diffraction peaks corresponding to (100), 

(002), and (101) directions of the hexagonal ZnO 

crystal structure which is corresponding to the 

positions 2 = (31.65
ο
, 34,5

ο
, and 36.31

ο
) 

respectively as shown in Table1. It can be 

concluded that the thin films deposited in these 

experimental conditions show strong c-axis 

(002) orientation growth. When mixing Mg-

content ratios referred to previously, and when 

certain conditions arise, there are three phases, 

the first phase remains structure of the hexagonal 

wurtzite, but down the intensity of the diffraction 

peaks as shown in Fig.1b, the second phase turns 

into a mixture of MgO is incorporated with ZnO 

as shown in Fig.1c , the third phase turns into the 

cubic rock salt structure for the appearance of 

MgO diffraction peaks are clear as shown in 

Figs.(1d,and e). In the first case,( i.e. when the 

Mg-content ratio (30)%) do not show any peaks 

additional, while in the second case, (i.e. when 

the Mg-content (50)% we note the appearance of 

two peaks two additional with directions 

(111),(200) corresponding to the angles of 

diffraction (36.87
o
and 42.85

o
), respectively. 

While in the third case, (i.e. when the Mg-

contents (70 and 90)% ) we note to increase the 

intensity of new peaks and the weakness of  ZnO 

peaks and then vanish these results are consistent 

with research [10]. By increasing Mg-content 

x=(90)%, we have a peak for (200) films which 

deals with the sign of cubic single phase that 

point out the deviation from wurtzite to rock-salt 

cubic structure in MgxZn1-xO /glass films. We 

obtain two phases at x=(70)% that showd the 

reflection of  (002) wurtzite along with (200) 

cubic. The deviation in wurtzite structure 

increase due to the fact of the electronagativities 

where Mg lose electron easier that Zn (i.e. 1.65 

for Zn is larger than that of the1.31 for Mg). The 

(002) and (200) peaks position are shifted to 

higher diffraction angles by increasing Mg-

content, which demonstrate itself by the c-axis 

compression. This shows the onset of lattice 

strain in the films by the ionic radii of Mg
+2

 

(0.057) nm and Zn
+2

 (0.060) nm difference. For 

several Mg-content (x)%, we figure out in 

Fig.2A the change in c-axis lattice constant and 

crystallite size of MgxZnO1-x/glass films. We 

show that the size of crystallite decrease from 

(32.75 to 21.99) nm as well as the evaluated c-

axis lattice constant decrease monotonically 

from (5.210 to 5.138) nm by increasing in Mg-

contents from (x=0 to 70)% and (x=0 to 

90)%,respectively indicating c-axis compression 

as shown in Fig.2B. The (a ,and c) lengths 

determined by XRD are plotted as a function of 

Mg-content in  Fig. 2B. This figure the  a-axis 

lengths increase when increasing Mg-contents 

from (x= 0 to 90)%, while the c-axis length 

decrease. It is thought that the decreasing of c-

axis lattice constant comes from increasing the 

number of Mg
+2

 ions incorporated into the 

interstitial sites and is assumed also that the c-

axis lattice constant decreases slightly due to the 

increase of the number of substitutional Mg
+2 

ions, because the radius of  Zn
+2 

ions is a little 

greater than that of radius Mg
+2 

ion, the decrease 

of the number of Zn
+2 

ion in the Zn lattice sites 

will compress the lattice constant, which are in 

agreement with the reports [11]. Also, the 

FHWM inversely proportional to the grain size 

as shown in Fig.2C.Fig.2D explains the 

relationship between each of the microstrain and 

dislocation density versus Mg-content, when 

increasing the  Mg-content increases crystalline 

defects and this is attributable to the grain size, 

where it is reduced to increase the Mg-content 

and thus increasing the crystalline defects. It 

remains to refer to the diffraction peaks with 

increase of Mg-content shifted toward larger 

angles. All parameters were calculated and 

included in the Table1. Through what has been 

mentioned we note best Mg-content ratio is 

(30)%. 

4.2 Atomic Force Microscopy (AFM)        

     AFM technique is a useful method analysis of 

the surface topography of the thin films. Fig.3 

shows 2-D and 3-D AFM images for the 

MgxZnO1-x/glass thin films at temperature (450) 
о
C, nitrogen pressure (4.5) bar, using different 

Mg-contents (x= 0, 30, 50, 70, and 90)% with 

scanning area (200×200)nm
2
 that showed the 

variation of surface roughness with Mg-content 

in the layers. As can be noticed from this figures, 

the nanocrystalline MgxZn1-xO films has high 

degree of homogeneity and the small grains has 

uniform distribution on the glass substrate. Root 

mean square (RMS) values are (1.71,0.573, 1.04, 

0.61, and 0.533) nm with Mg-contents (x= 0, 30, 

50,70,and 90)% respectively. It is found from the 
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AFM studies that the average diameter of the 

films increases with increasing the Mg-content, 

while the total grain size decreases. Surface 

thickness, roughness average and root mean 

square are of the films decreases with increasing 

the Mg-content. This is in agreement with the 

research [12]. On the other hand, root mean 

square (RMS) roughness is defined as the 

standard deviation of the surface height profile 

from the average height, is the most commonly 

reported measurement of surface roughness. 

Average diameter, total grain No., surface 

thickness, roughness average and root mean 

square for MgxZn1-xO/glass thin films  are shown 

in the Table 2. 

 

 

 

 
 

Fig.1: XRD Patterns for MgxZn1-xO/glass Thin 

Films with Different Mg-Contents  (0,30,50,70,and 

90)% and at Temperature (450) 
o
C  

 

  

 

Fig.3: 2-D and 3-D AFM of MgxZn1-xO / glass with 

Different  Mg-Content (0,30,50,70,and 90)% ,  and 

at Substrate Temperature (450)
o
C. 
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Table 1: The Ds , δD, S, and Nℓ  of Layers Data of (002),(200) Orientations for                

MgxZn1-xO/glass at Different Mg-Content, and Substrate Temperature (450) 
o
C. 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

Fig.2: The Variation of the Lattice Constants (a, and c), FWHM, DS ,S, and δD Versus Different        

  Mg-Content for MgxZn1-xO /glass  Thin Films at Substrate Temperature (450)
o
C. 
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0.352 

0.208 

34.30 

23. 65 

40.29 
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Table 2: Average Diameter,Total Grain No., Surface Thickness, Roughness Average and 

Root Mean Square for MgxZn1-xO /glass Thin Films at Different Mg-Content        

(0,30,50,70, and 90)%, and  Temperature (450) 
o
C. 

 

5. Optical Properties 

     The optical properties of the MgxZn1-xO /glass 

thin films prepared by (CSP) technique under 

ambient atmosphere are measured by (UV-Vis) 

spectrophotometer at substrate temperature 

(450)°C in the range (300-700)nm. The nitrogen 

pressure is maintained at (4.5)bar various Mg-

contents (x=0.,30,50,70,and 90)% with film 

average thickness (80±5)nm. The transmittance, 

absorbance and reflectance have been studied. 

Also the optical energy gap and optical constants 

have been determined. 

5.1 Transmittance (T) 

      The transmittance spectra of the mixed 

MgxZn1-xO /glass films in the spectral range of 

(300-700) nm are compared as a function of Mg-

content of (x)% as shown in Fig.4a. The average 

transmittance in the wavelength of visible region 

(430-700) nm varies between (76-82)%, when  

x=0, pure ZnO. Continue to increase with 

increasing concentrations of MgO in the films 

and up to (94)% when the concentration ratio 

(90)%. Displacement toward the shorter 

wavelength with increasing Mg-content clearly 

reflects the merger of Mg in the lattice of ZnO, 

indicating that the optical energy gap expanded 

with the addition of Mg regardless of 

crystallization, which is consistent with the 

report [13,14]. The increase in transmittance to 

increase the Mg-contents attributed to the 

increase in temperature, which leads to increased 

crystallization and thereby increase the 

transmittance. We show that the best 

transmittance of  the mixed thin films was at 

x=(90)% , Mg0.9Zn0.1O/glass. 

5.2 Absorbance (A) 

     We measure the spectral absorption of the 

mixed MgxZn1-xO/glass films in the visible 

region are compared as a function of Mg-content 

of(x)% as shown in Fig.4b. The average 

absorbance for the visible region wavelength 

varies between (0.119-0.088) % for x=0 we have 

pure ZnO while at x = (30)% Mg0.3Zn0.7O the 

absorbance varies between (0.351-

0.161)%.Concentration ratio has been 

characterized (30)% as she was with high 

absorbency compared to other ratios. This 

interesting feature may be related to the 

solubility of Mg-atoms in the ZnO structure and 

may point to an increase in the localized 

impurity levels in the energy  gap of ZnO as the 

concentration of Mg is raised. 

5.3 Reflectance (R) 

     Increasing the reflectivity of the  MgxZn1-xO 

/ glass  films compared with pure ZnO films, and 

tend to saturation at high wavelengths as shown 

in Fig.4c. Vary the reflectivity increases and 

decreases when the temperature (450) 
o
C 

depending on the preparation of thin films and 

the deposition technique. 

 

 

 Glass Substrate Ts =(450) 
o
C , Thickness = (80)nm 

Concentration (x) Average 

Diameter 

(nm) 

Total Grain 

No. (nm) 

Surface 

Thickness 

(nm) 

Roughness 

Average (nm) 

Root Mean 

Square (nm) 

ZnO (pure) 76.120 279 13.580 1.460 1.710 

Mg0.3Zn0.7O 103.640 163 3.480 0.485 0.573 

Mg0.5Zn0.5O 92.610 189 5.150 0.898 1.040 

Mg0.7Zn0.3O 101.880 147 3.110 0.528 0.610 

Mg0.9Zn0.1O 81.550 136 3.840 0.653 0.533 
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5.4 Absorption Coefficient (α) 

       Fig.4d shows the absorption coefficient (α) 

of the MgxZn1-xO thin films with different       

Mg-contents determined from absorbance 

measurements. The (α) of MgxZn1-xO thin films 

increased sharply in the region of UV-Vis, and 

then decreased sharply in the visible region 

because it is inversely proportional to the 

transmittance. The (α) is decreasing with the 

increase of Mg-content, its value is larger than  

(10
4
) cm

-1
. This can be related with decrease in 

grain size and it may be attributed to the light 

scattering effect for its low surface roughness. 

 

 

 
 

Fig.4: T, A, R, and α   as a Function of Wavelength for MgxZn1-xO /glass Thin  Films 

Prepared in Different Mg-Contents (0 ,30,50 ,70,and 90)%, at (450)
 o

C. 

5.5 Optical Energy Gap (Eg) 

     The optical energy gap (Eg) of the MgxZn1-xO 

/glass thin films was estimated from the 

transmission or absorption spectra and the 

optical (α) near the absorption edge for direct 

transitions. The characteristics of (αh )
2
 versus 

photon energy (h ) were plotted for evaluating 

the (Eg) of the MgxZn1-xO thin films, and 

extrapolating the linear portion near the onset of 

absorption edge to the energy axis as shown in 

Fig.5. values (Eg) of MgxZn1-xO thin films are 

(3.21,30.3,3.22,3.21,and 3.40) corresponding to 

theMg-content(x=0,30,50,70,and90)%  

respectively.  

5.6 Refractive Index (n) 

     The (n) of the MgxZn1-xO thin films, as shown 

in Fig.6a the (n) of the films are influenced by 

the Mg-content. The (n) increase with the Mg-

content increases in the range of(3.13-3.23) 

respectively.(n) decrease as the wavelength 

increases, the decreases in grain size with the 

increasing of refractive index is observed. The 

increase of (n) may be due to increase the 

crystalline defects ,the decrease in grain  size and 

the increase in microstrain, a clear indication of 

the  refractive index increase with Mg-content 

increase. 
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Fig.5: (hυ)
2
 Versus Photon Energy for MgxZn1-xO /glass Thin  Films in Different             

Mg-Contents (0 ,30 ,50 ,70, and 90)% at (450) 
o
C. 

 

 

 
 

Fig.6: Variation of n, ko , r , and i as a Function of Wavelength for  MgxZn1-xO /glass  Thin 

Films in Different  Mg-Contents (0,30,50,70, and 90)%, at (450) 
o
C. 
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5.7 Extinction Coefficient (ko) 

     Fig.6b, shows the extinction coefficient (ko) 

as a function of wavelength ( ) for pure ZnO and 

MgxZn1-xO/glass. It's clear from the figure that 

the (ko) has the same behavior (), but increase 

of substrate temperature leads to decreases the 

defects or the tails within the energy gap  so 

decrease  the (ko) values in the pure ZnO. Also  

shows the effect of concentration of  MgO on the 

(ko) values.In general, we note that the maximum 

value of (ko) when the absorption edge and then 

decrease sharply when the visible region of 

wavelengths, and when increasing the Mg-

content shifted absorption edge toward shorter 

wavelengths (i.e., high-energy).  

5.8 Real and Imaginary Part of Dielectric 

Constant (εr), (εi)  

    An absorbing medium is characterized by a 

complex dielectric constant. The real and 

imaginary part of dielectric constant of the 

MgxZn1-xO/glass thin films by chemical spray 

pyrolysis (CSP) technique, as shown in 

Figs.(6c,and d). The variation of (εr), (εi) with 

wavelength for pure ZnO and MgxZn1-xO thin 

films. The obtained results show that the values 

of real and imaginary part of dielectric constant 

are decreased with increasing of wavelength for 

MgxZn1-xO thin films, thus the complex 

dielectric constant are reduce to increase the   

Mg-content in the films. 

6. Conclusions   

        Through the study was concluded following 

points: 

1- The addition of Mg to the films increases the 

her strength to withstand high temperatures 

and little of expansion. 

2- The films deposited from Mg mixed ZnO thin 

films  at nitrogen pressure of (4.5) bar, and 

substrate temperature (450)
o
C are good 

candidates for structural, morphology and 

optical properties. 

3- The structural of the ZnO films are found  

what dependent on the films mixed , (i.e. an 

increase of the mixture concentration into the 

film). The results of (XRD)  shows that all 

thin films (pure and mixed) exhibit 

polycrystalline nature, and has the hexagonal 

wurtzite structure with preferential 

orientation in the  (002) plane, when the Mg-

content ratio (30)%, It turns into a cubic rock 

salt structure when increasing the Mg-content 

ratios higher than (50)% with preferential 

orientation in the  (200) plane. 

4- The AFM results show the slow growth of 

nanocrystallite sizes for the as grown films. 

The root mean square (RMS) is decreasing 

when increase the Mg-content up to x= 

(90)%. XRD, and AFM analysis shows that 

the prepared films are nanocrystalline thin 

films with estimated comparable grain sizes. 

5- The optical properties of MgxZn1-xO thin 

films show that the films have direct 

transition. The average transmittance for all 

the films is over (90)% in the wavelength 

range (300-700) nm and the transmittance 

invisible region increases with the increase 

Mg-content. The optical energy gap is 

dependent on the Mg-content, increasing in 

the mixing ratio for Mg cause an increase in 

the optical energy gap value, also the values 

of refractive index (n) of MgxZn1-xO films lie 

in the range of  (3.13-3.23). This means that 

the film suitable for photodetectors 

applications. 
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