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Abstract: 

In the present paper, MgxZn1-xO thin films were synthesized with a wide composition 

range x=(0.25, 0.5, 0.75) using a spray polyposis technique at 450 °C. The X-ray data analysis 

revealed that the films were polycrystalline with hexagonal and cubic structures. The 

preferential orientation of all films was absorbed along (002). Structural parameter such as 

average crystallite size, dislocation density and micro-striation were also investigated. AFM 

results show that the surface topography and the surface quality of the deposited thin film can 

be controlled by the Mg
2+

 content of MgxZn1-xO thin films. The UV-Visible analysis show 

that the optical absorption values decrease with the increase of Mg
2+

 concentration. It is 

observed that the band gap increases as the Mg
2+

 concentration increases. The reflectance 

spectra of MgxZn1-xO thin films shifted towards the lower wavelength with the increase of 

Mg
2+

 concentration. The extinction coefficient was slightly decreased and shifted towards 

higher energies with the increase of Mg
2+

 contents. These results demonstrate the high quality 

of single crystal MgxZn1-xO films and their potential in high-performance deep ultraviolet 

optoelectronic devices. 

Keywords: Spray Pyrolysis method; MgxZn1-xO thin films; Structure and Optical 

properties. 

 MgxZn1-xOتحضير ودراسة الخصائص التركيبية وطبوغرافية السطح والبصرية لأغشية  

 بالرش الحراري  الرقيقة

 مصطفى ضياء جعفر

 يذٌزٌت انخزبٍت فً يحافظت انُجف , وسارة انخزبٍت , انعزاق

 :الخلاصة

باطخخذاو  x=(0.25, 0.5, 0.75)يع حزاكٍش يخغٍزة   MgxZn1-xOفً هذا انبحث، حى ححضٍز اغشٍت رقٍقت                  

 450حقٍُت انزع انحزاري  عُذ درجت 
0
Cبهىر . اظهزث َخائج فحض حٍىد الأشعت انظٍٍُت أٌ الاغشٍت  كاَج يخعذدة انخ

انًعهًاث قٍاص (. كًا حى 002)انًظخىي عهى طىل  جًٍع الاغشٍت انًفضم حجاِالا ووجذ اٌبخزاكٍب طذاطٍت ويكعبت. 

أٌ  AFMَخائج  ثظهزأهىراث، وانًظافت بٍٍ انبهىراث. وحجى انبهىراث، وكثافت حًزكش انبيثم يخىطظ  انخزكٍبٍت

Mgًٌكٍ انظٍطزة عهى  الاغشٍت انزقٍقتحضارٌض انظطح وجىدة انظطح يٍ 
2+

. MgxZn1-xOيٍ قبم حزاكٍش اغشٍت  

فىق انبُفظجٍت أٌ قٍى الايخظاص انبظزي حُخفض يع سٌادة حزكٍش  -انًزئٍت  انفحىطاث انبظزٌت نلأشعتححهٍم ظهز أو

Mg
2+

Mg. وٌلاحع أٌ فجىة انطاقت حشداد يع سٌادة حزكٍش 
2+

ح َحى أسٌ MgxZn1-xO. اٌ طٍف الاَعكاطٍت  لأغشٍت 

Mgانطىل انًىجً الاقم يع سٌادة حزكٍش 
2+

َحى طاقاث أعهى يع سٌادة حزكٍش  أسٌحقهٍلا وك اَخفض يعايم انخًىد . كذن

Mg
2+

 هُبائظضاً ايكاٍَت عانٍت الأداء ناحادٌت انخبهىر , اٌ MgxZn1-xO. هذِ انُخائج حثبج جىدة عانٍت لأغشٍت 

 . ضىئٍت فىق انبُفظجٍت كهزوان
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 انخزكٍبٍت وانبظزٌت.انزقٍقت , انخظائض MgxZn1-xO طزٌقت انزع انحزاري, اغشٍت  الكلمات المفتاحية:

1. Introduction 

ZnO based alloys (including 

MgZnO, CdZnO, and MnZnO) have been 

becoming a more and more effective (field 

of  research nowadays )[1] 

A decisive step in designing new 

optoelectronic devices is the realization of 

band-gap engineering to quantum wells in 

device heterostructures and create barrier 

layers. In order to achieve such 

optoelectronic devices, two significant 

requirements should be satisfied, one is 

modulation of the band gap and the other is 

p-type doping of ZnO. While p type 

doping of ZnO is beneath intensive 

research, the latter has been demonstrated 

by the expansion of MgxZn1−xO and 

CdxZn1−xO alloys, allowing modification 

of band gap in a wide range [2,3,4].  

MgxZn1−xO is an ideal material for 

UV detecting because it possesses high 

visible transparency, high UV absorption 

coefficients [5,6] and big tunable band gap 

energy range (3.37–7.8 eV) [7,8]. 

MgxZn1−xO has two crystal 

structures, cubic (rocksalt) and hexagonal 

(wurtzite) structure. According to the 

phase diagram the maximum integration of 

ZnO in hexagonal structure of MgO is 4%, 

which is much bigger than 56% of MgO in 

cubic structure ZnO .  In MgxZn1−xO the 

band gap is shifted to higher energies and 

CdxZn1−xO to lower energies compared to 

ZnO [4,5]. Within the latter few years, 

different physical deposition techniques 

have been used for the deposition of 

CdxZn1−xO thin films such as RF reactive 

magnetron sputtering [9,10], thermal 

evaporation [11], plasma-assisted 

molecular beam epitaxy and pulsed laser 

deposition [12, 13]. Moreover, as a 

semiconductor material, MgxZn1−xO has 

lately attracted important attention because 

many improvements in deposition 

techniques made it possible to develop 

high quality MgxZn1−xO thin films. Spray 

Pyrolysis deposition (CSP) is a simple 

technique in which no high quality 

substrates are wanted; as well as a non-

vacuum system. The technique is more 

appropriate for large area coatings. 

Therefore, present research work presents 

in this paper shows the effect of the three 

different types of substrate regarding their 

structural, morphological and optical 

properties of MgxZn1−xO films grown by 

CSP method. 

 

2.  Experiment  

 MgxZn1-xO thin films have been 

deposited onto the glass substrates at 450 
o
C. With different Mg

2+
 concentrations (for 

x= 0.25, 0.5 and 0.75) using chemical 

spray pyrolysis method. Here x represents 

the concentration in the spraying solution. 

Glass substrates cleaning by distilled water 

and remove powder and they were placed 

in double distilled water for 10 min each in 

an ultrasonic bath, the beaker containing 

alcohol with high purity (15 min) to 

remove any dust. So as to prepare MgxZn1-

xO thin films, magnesium sulfate (MgSO4) 

and Zinc Sulfate Heptahydrate 

(ZnSO4.7H2O) were used as Mg
2+

 and Zn
2+

 

ions respectively. The stock solutions of 

(MgSo4) and (ZnSO4.7H2O) (0.1M) were 

prepared. To take homogeneity of uniform 

deposition each solution was stirred for 10 

minute before the film deposition. The 

starting solution was mixed thoroughly and 

latter solution was sprayed. Through the 

spraying process, the substrates were 

heated by electrically heating the copper 
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plate. The optimized coating parameters 

used in the present act as substrate-nozzle 

distance-30 cm flow rate of the precursor 

solution-8 ml/min utilized as a carrier gas. 

Substrate temperature was controlled by 

means of Iron-Constantan thermocouple. 

To investigate the effects of Mg
2+

 

concentration on the films, three series of 

samples (0.25, 0.5, 0.75 M%) were 

produced. The structural properties of all 

the films were studied by XRD-6000 

Shimadzuautomatic diffractometer using 

Cu:Kα radiations (λKα=1.5406 Å). The 

optical absorption and transmittance 

spectra were recorded from (300-800) nm 

wavelength using Shimadzu UV-1650 Pc 

UV-VIS scanning spectrophotometer at 

room temperature. 

3. Result and Discussion: 

Fig.1 shows the XRD spectra of 

MgxZn1-xO thin films prepared for different 

Mg
2+

 concentrations deposited at 450°C. 

All the peaks of the ZnO thin films 

correspond with the peaks of standard ZnO 

(JCPDS Card No. 36-1451). Most of the 

peaks assigned to, (002), (101), (102), 

(110), (103) and (202)  polycrystalline 

phase and orientations of hexagonal 

(wurtzite) phase of ZnO. As well as, (200), 

(311) and (222) peaks of MgO cubic 

(rocksalt) polycrystalline phases of 

standard (JCPDS Card No. 43-1022). 

 

Fig.1: Shows the x-ray diffraction pattern 

of MgxZn1-xO thin films, a function of Mg 

composition X=(0.25, 0.5, 0.75) 

The spectra indicated hexagonal 

(wurtzite) crystal structure for the thin 

films that retained the preferential (002) 

peak growth along the c-axis of the films. 

The intensity of (002) peak is relatively 

higher than that of the intensity of other 

peaks such as (101) for all the Mg
2+

  

concentrations used in this work. However, 

the intensity of (002) and (101) peaks 

decreases and shifts towards high 2θ 

angles as the Mg
2+

 content increases. This 

outcome suggests that the lattice parameter 

along the c-axis decreases indicating a 

compressive strain [14]. This result is 

harmonic with almost all previous studies 

[15]. 

The lattice constant a and c for 

hexagonal planes of MgxZn1-xO thin films 

are calculated from XRD data using the 

following equation[16]. 
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They )(hkl  are Miller indices, The a 

parameter is obtained from the plane )00(h  

, while the plane )00( l is used to obtain c-

parameter. Table 1. the x-ray data analysis 

data of MgxZn1-xO thin films. It had been 

reported that the Mg
2+

 incorporation into 

ZnO lattice usually cause the decrease of 

the c-axis length, because the ionic radius 

of Mg
2+

 (0.57 A˚) was slightly smaller than 

that of Zn
2+

 (0.60 A˚). The crystallite size 

(D) was calculated from XRD data using 

Debye Scherrer formula below[17]. 

)2(cos/9.0.   BZG  

: is the wavelength, B: the full 

width half maximum (FWHM), ϴ: is 

Bragg diffraction angle. The crystallite size 

of the MgxZn1-xO increased with decreased 

in Mg
2+

 composition from106 nm to 69.22  

nm with increase shown in fig.2. and Table 
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1. This behavior is observed in previous 

works [18]. 

 

Fig. 2: Variation of crystallite size of  

MgxZn1-xO thin films, a function of Mg
2+

  

concentration for (002) plane. 

The dislocation density (δ) of MgxZn1-xO 

thin films is defined as the number of 

dislocation lines per unit volume and 

determined from the relation [25, 26]: 

  
 

     
                   

Where n=1, it always indicate the 

minimum dislocation density of thin film 

and D is the crystallite size.  The number 

of crystallites per unit surface area (N) 

could be calculated according to [25, 26]: 

  
 

    
                                   

the t is the thickness of the film. Fig. 

3. shows δ and N as a function of Mg
2+

  

concentration, it is absorbed that N has the 

same behavior of δ were they increasing 

with the increasing of Mg
2+

 concentration. 

The small value of (δ) obtained in the 

present paper confirms that the spray 

pyrolysis  is an effective technique can be 

used to deposit good and high-quality 

Mg
2+

 concentration for MgxZn1-xO thin 

film [14]. 

The values of calculated δ and N 

with respect to the Mg
2+

 concentration 

shown in table 1. The micro-strain ( ) has 

been determind using the following 

equation [25, 26], and then the values are 

presented in table 1. 

Micro-Strain      
       

 
  -----------(5) 

Fig. 4. shows the     in the films for 

(002) peak is initially decreased with 

increasing Mg
2+

 concentrations from 

(8.511 to 4.794). The type of micro-strain 

change can be attributed to the ionic radius 

of Zn
2+

 ions which is slightly higher than 

Mg
2+

 ions, the strain in ZnO lattice is 

influenced by Mg
2+

 and thereby alters the 

preferential growth. Thus the results show 

that Mg content reduces the micro-strain of 

the MgxZn1-xO thin films. 

 

 

 

Table 1: The x-ray data analysis data of MgxZn1-xO thin films a function of Mg
2+

  composition 

X=(0.25, 0.5, 0.75) 
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103 62.08 0.0720 1.4937    

202 73.52 0.0840 1.2870 

311 75.07 0.6298 1.2652 

222 78.21 0.2880 1.2211 

0.5 

002 34.28 0.0840 2.6131 

 

3.01 

 

5.22 

 

 

 

88.62 
1.273 2.15 3.028 

101 36.09 0.0840 2.6118 

102 47.41 0.4800 1.9158 

110 55.92 0.4690 1.6465 

0.75 

002 34.13 0.0590 2.6266 

 

 

3.03 

 

 

 

5.25 
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Mg Concentration

0.2 0.3 0.4 0.5 0.6 0.7 0.8

D
is

lo
o

ca
ti

o
n

 D
en

si
ty

 (
d

) 
1

0
5

 L
in

es
/m

2

N
u

m
b

er
 o

f 
C

ry
st

a
ll

it
e 

p
er

 u
n

it
 v

o
lu

m
e

 (
N

) 
1

0
6

 m
-2

0

1

2

3

4

5

Dislocation Density

Number of Crystallites

 Fig. 3: The variation (δ) and (N) of 

MgxZn1-xO thin films,  a function of Mg
2+

  

concentration for (002) plane 

  

 

Fig.4: The variation of The micro-strain 

( ) of MgxZn1-xO thin films a function of 

Mg
2+

  concentration for (002) plane. 

 

Fig. 5: Shows the AFM images diffraction pattern of MgxZn1-xO thin films,  a function of 

Mg
2+

 composition X=(0.25, 0.5, 0.75) 

Fig. 5. shows AFM images of 

MgxZn1-xO thin film. It observed smooth 

and uniform surface of Mg
2+

 composition 

X=(0.25, 0.5), while the Mg
2+

 composition 

X=(0.75) has grainy patterns. With 

increasing Mg
2+

 content, the surface RMS 

roughness increases from 3.23 nm, 8.87 

nm to 9.04 nm as x varied from 0.25, 0.5 
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and 0.75 respectively shown in the table 2. 

The increase in the RMS roughness is 

attributed to the partial padding of Mg
2+

 in 

the pores. From the( results above), it is 

seen clearly that an improvement of the 

microstructure and the crystalline quality 

of the MgxZn1-xO composite as the Mg
2+

 

content increased. This result is in good 

agreement with [23]. The grain size is 

increased from 100  to 148 nm for Mg
2+

 

composition X=(0.25, 0.5) while for Mg
2+

 

composition X=(0.75) they are a reduced 

to 101 nm. Results of grain size for AFM 

images are roughly consistent with 

crystallite size results for X-Ray analysis. 

These results demonstrate the high quality 

polycrystalline MgxZn1-xO films and their 

potential in high-performance deep 

ultraviolet optoelectronic devices.[19]. 

 

Table 2: The optical band gab, RMS and grain size for AFM image of MgxZn1-xO thin films 

 

Fig. 6. shows the absorption spectra 

of the deposited MgxZn1-xO thin films with 

(0.25, 0.5 and 0.75) Mg
2+

concentrations, 

respectively. The fig.3 reveals that with 

decreasing enrichment of Mg
2+

 

concentration the band edge shift to lower 

wavelength (blue shift). As grown x=0.25 

has a band edge at~345 nm. It 

monotonously blues shifted with 

increasing Mg
2+

 concentration, finally 

reaching a value of ~310 nm at x=0.75. 
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Fig. 6:  Shows the Absorption  spectra of 

MgxZn1-xO thin films, a function of Mg 

composition X=(0.25, 0.5, 0.75). 

The optical transmittance spectra of 

the MgxZn1-xO thin films with different x 

values were obtained, and steep absorption 

edges were observed demonstrating that 

the thin films are homogeneous. 

The difference of transmittance 

against wavelength for different 

Number Material 

Band 

gap 

(eV) 

Wavelen

gth (nm) 

Roughness 

Average 

nm 

Root 

mean 

square 

nm 

Grain 

size 

nm 

1 Mg0.75Zn0.25O 4.01 498.9 9.04 12.1 101 

2 Mg0.5Zn0.5O 3.88 464.5 8.87 12.3 148 

3 Mg0.25Zn0.75O 3.28 462.5 3.23 3.73 100 
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composition x is presented in Fig. 7. It was 

observed that transmittance is increased 

with the increase of the Mg
2+

 content in the 

MgxZn1-xO thin films. The transmittance 

varies from 70% to 40% as x varies from 

0.75 to 0.25 in the 350–800 nm due to 

evidencing the substitution incorporation 

of Mg
2+

 into the Zn
2+

 site of the wurtzite 

lattice. 
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Fig. 7:  Shows the Transmittance spectra 

of MgxZn1-xO thin films, a function of Mg 

composition X=(0.25, 0.5, 0.75) 

The energy gap values depend in 

general on the film crystal structure, the 

arrangement and distribution of atoms in 

the crystal lattice, also it is affected by 

crystal regularity.  

The band gap energy Eg was 

calculated  by using  relationship [20]:  

h = B ( h  – Eg  ) 
r
        --------(3) 

B, α, hν are constant, absorption 

coefficient and energy photon respectively. 

The optical band gap (Eg) of the thin film 

to be determined by the experimentally 

observed values of (αhν)
2
 against (hν) are 

plotted in Fig. 8. The band gaps (Eg) of the 

MgxZn1-xO thin  films were tuned from 

3.82 eV to 4.01 eV by tuning the 

incorporation of  Mg
2+

 ion concentration in 

the CSP. In other words, the optical energy 

band gap of  MgxZn1-xO thin films become 

wider as Mg
2+

  content increases. This 

increase can be imputed to the Burstein-

Moss effect and/or to the forming of 

hexagonal MgxZn1-xO alloy phase [7, 22].  

The study revealed that the 

fabricated films can use as ultraviolet (UV) 

photodetectors in many optoelectronic 

devices such as missile warning and 

tracking, chemical/biological agent 

detecting, and engine/flame monitoring 

[21]. The optical band gap with the 

crystallite size and Mg
2+ 

content of 

MgxZn1-xO film are illustrated in fig. 9. It 

is observed that the energy band gap 

decreases with increasing crystallite size 

while it increased with increased  Mg
2+

 

content. 
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 Fig.8: Optical band gap (Eg) of MgxZn1-

xO thin films, a function of Mg
2+

  

composition X=(0.25, 0.5, 0.75). 
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Mg Concentration 
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Fig. 9: The variation of the optical energy 

gap with crystallite size and with Mg
2+

   

concentration. 

 

The reflective (R) MgxZn1-xO thin 

films was calculated  by using  Eq. [19] 

below. 

1 ATR   --------------------(4) 

where, T is transmittance , A is 

absorption. 

Fig.10. depicts the reflectance 

spectra at room temperature for MgxZn1-xO 

thin films. The reflectance shifted towards 

the lower wavelength (high energies) with 

increasing Mg
2+ 

content due to the effect of 

surface morphology on the  MgxZn1-xO 

thin films. 
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Fig. 10:  Shows the Reflective (R) of 

MgxZn1-xO thin films, a function of Mg
2+

  

composition X=(0.25, 0.5, 0.75) 

Fig.11. shows the extinction 

coefficient for MgxZn1-xO films grown at 

various Mg
2+

 concentrations (x=0.25, 0.5 

and 0.75) as a function of photon energy. 

The extinction coefficient (k) of MgxZn1-

xO thin films was calculated using  Eq. 

[20] below. 

π4

αλ
Κ=

              ------------------(6) 

λ is the wavelength. 

The values of extinction coefficient 

are directly related to the absorption of 

light. It can be noticed that there is a slight 

increase of extinction coefficient values at 

higher energies. After that, there is an 

increase with increasing photon energy and 

this is a general behavior, this is due to 

scattering resulting from surface 

roughness. 
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Fig. 11:  Shows the extinction coefficient 

(K) of MgxZn1-xO thin films, a function of 

Mg
2+

 composition X=(0.25, 0.5, 0.75) 

  

4. Conclusions 

MgxZn1-xO thin films had been 

deposited by spray pyrolysis method at 

450
◦
C of glass substrates. The XRD studies 

show that the hexagonal and cubic with a 

preferred grain orientation in the (002) 

direction, and there is a slightly shifted to 

larger 2θ angle with increasing x from 

x=(0.25 to 0.75). The Mg
2+

 content greatly 
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influences the surface morphology of 

MgxZn1-xO films, and an increase in Mg
2+

 

content increasing the grain size and 

surface roughness. The optical studies 

show that the absorption edge was found to 

shift toward lower wavelength (blue shift) 

with an increase in Mg
2+

 value. The 

transmission values increase with the 

increase of Mg
2+

 concentration. The band 

gap was increased with the increasing of 

Mg
2+

 concentration percentage (0.25, 0.5 

and 0.75). While The reflectance shifted 

towards the lower wavelength (high 

energies) with increasing Mg
2+ 

content. 

The extinction coefficient of MgxZn1-xO 

films have increasing values at higher 

energies. 
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