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ABSTRACT 

In this work, MgxZn1-xO thin films were synthesized by pulsed laser deposition 

technique, the morphology and optical properties of MgxZn1-xO films were characterized 

by Atomic force microscopy (AFM) and UV-VIS spectroscopy. The MgxZn1-xO films 

have been deposited on sapphire substrates with different Mg contents (x= 0, 0.1, 0.2, 0.3, 

0.4, 0.6, 0.8, 1), using double frequency Q-switching Nd:YAG laser (532nm), repetition 

rate (6 Hz) and a pulse duration of (7 ns). 

The present of hexagonal and cubic structure of MgxZn1-xO thin films was shown 

from X-ray diffraction measurement. The optical transmission results show that the 

transparency of the MgxZn1-xO films are greater than 85% in the visible region which 

increases with the increasing of Mg content. The absorption can be extended to lower 

wavelength range with higher magnesium contents, which can improve the transparency 

in the ultraviolet wavelength range. The band gap energy was found to be changed to the 

higher energy side with the increasing of Mg concentration. By changing Mg content 

from x=0 to x=1, the optical band gap of MgxZn1-xO films can be tuned from 3.4 eV to 5.9 

eV, while the refractive index decreases from (1.96 – 1.75) as Mg-content increases from 

(0 to 1) at constant wavelength 400nm. This provides an excellent opportunity for 

bandgap engineering for optoelectronic applications. It is found from the AFM studies 

that the surface roughness of the films decreases with increasing the Mg content and the 

smallest grain size (33.8nm) with Mg content (1). 
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 على  MgxZn1-xOدراسة تاثير محتوى المغنسيوم في اغشية 
 الخصائص البصرية والطوبوغرافية

 
             الخلاصة    

(  MgxZn1-xO غنق ددقا)   -الهدد م  ددب الهوددح يددا شوةددقي ا مددقو ييق ددو  ددب اا  ددق  ال  ي ددقب 
ه  ددش  ا) ش نقددو الشي ددقي هدد لبقيي النهةددل ا يا ددو ال  دد اس الشي قهقددو ه  ددش  ا)   هددي ال ددا  ال يقددو  
ه لاةدد  و الددا  يا ددو ال  دد اس اله دديقو لشبددف الا مددقو  لقددم النق  قددو ال ياددل ا ددا  الهنق دد ل(. ي  

 1.6قديي ال د يلو عبدا يااعد  الالا قند  ا ة  دو ل يدو الب C°300 يا و ن ا الا مقو عند   ي دو ودياي  
J/cm2  (اهد  شفم  وشدا  ال غنق دقا(x= 0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 1) ه  دشم    لقديي
 .  6Hz)ه م   ش يايقو   532nmق ف ال ي قم   هش نقو ع    الناعقو عن  اللا  ال ا ل  -النق ق قا)
 MgxZn1-xO.لا مدقو اةوت يق   ت وقدا  الامدمو ال دقنقو ا دا  الشي قدي ال  ا دل اال  مدي   

لا مدقو اا  دق  ال  ي دقب  غنق دقا) ه ل نل دو ال ياقدو  دب  %85  نت نش اج النق  قو اله يقو اعبا  دب 
اللقددم اشددي ا  ه ي قدد    وشددا  ال غنق ددقا).   دد  ق شدد  الا ش دد س ه ش دد لا الالدداا  ال ا قددو الاي ددي عندد  

 الالاا  ال ا قو القا  الهنق  قو. وشا  ال غنق قا) الاعبا     قو ب  ب    اي النق  قو عن  
ا   شغقدي   دا  الل يدو لا مدقو اا  دق  ال  ي دقب  غنق دقا) ال ي دهو عبدا يااعد  الالا قند  ه ش د لا  

ال شياب  الدت  5.9الا  3.4الل ي ت الاعبا هيق    شي قي ال غنق قا). ا  ششغقي   ا  الل يو اله يقو  ب 
عند  ةهددات  1.75 -1.96, هقن د  ق د   م  د  الان  د ي  دب  1الدا  0عند  شغققدي  وشدا  ال غنق دقا)  دب 

ندد نا شي    دد  لدداور شددطةقي  ةددهل لب غنق ددقا) عبددا ن ددا الوهقهدد ت  ددل الا مددقو  (400)اللددا  ال ددا ل 
 ال وةي . 

 
 

INTRODUCTION 

ne interesting feature of zinc oxide (ZnO) is that can be alloyed with magnesium 

oxide in order to form MgxZn1-xO semiconductor alloys [1]. The alloys have 

tunable band gap which raises the possibility of band gap engineered 

heterostructures with less lattice mismatched alternative layers such as 

MgZnO/ZnO/MgZnO and MgZnO/CdZnO/MgZnO. 

Band gap engineering of ZnO is essential to realize low dimensional structures such 

as Quantum wells and super-lattices [2].In order to make progress in modern devices, like 

ZnO UV detector and field effect transistors (FET), modulation of the band gap is 

required. By alloying the starting semiconductor with another material of different band 

gap, the band gap of the resultant alloy material can be fine tuned, thus affecting the 

wavelength of exciton emissions [3].  

 It has been verified due to the development of MgxZn1-xO and Be
z
Zn

1-z
O alloys for 

larger band gap material and Cd
y
Zn

1-y
O alloy for smaller band gap material, allowing 

band gap tuning in a wide range [1,4,5]. 

O 
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        The energy gap Eg (x) of a ternary semiconductor A
x
Zn

1-x
O (where A=Mg, Be or 

Cd) is determined by the following empirical equation 
[6]

: 

 

Eg (x) = (1 - x) EZnO+ xEAO– bx(1 - x)   …. (1) 

   
     Where b is the bowing parameter and E

AO 
and E

ZnO
are the band gap energies of 

compounds AO (MgO, CdO, BeO) and ZnO, respectively. The bowing parameter 

depends on the difference in the electronegativities of the end binaries ZnO and AO.  

Among the doped or alloyed ZnO compounds, the most interesting case seems to be 

MgxZn1-xO according to the very specific structural and physical properties [7-9], which 

can be obtained as a function of the Mg concentration: By changing the Mg concentration 

from x = 0 to x = 1, the band gap of this compound can be tuned from 3.3 to 7.8 eV. 

In this paper, the effect of different Mg concentrations on the structure, optical and 

morphology of MgxZn1-xO thin films was studied.  

 
EXPERIMENTS DETAILS 

MgxZn1−xO thin films were synthesized by pulsed laser deposition technique. The 

focused Nd:YAG SHG Q-switching laser beam at 532nm (pulse width 7nsec, repetition 

frequency 6 Hz) for 40 laser pulse is incident on the target surface making an angle of 

45° with it. The substrate is placed in front of the target with its surface parallel to that of 

the target. Sufficient gap (3 cm) is kept between the target and the substrate. The 

substrate was heated by using a halogen lamp (1000W) to raises the substrate temperature 

to 300°C, K-type thermocouple was used to measure this temperature.  
High purity (99.999%) MgO and ZnO powders supplied from Fluka company were 

first weighted at different concentrations and mixed with corresponding concentrations in 

a beaker filled with methanol by magnetic stirrer for 1 hour. After the liquid was dry out, 

the mixed powder was blended mechanically again, so that the mixture is uniformly 

distributed. The resultant powder was ground and pressed in hydraulic press with 5 ton 

pressure to form a target with 2.5 cm diameter and 0.4 cm thickness. 

TheMgxZn1-xO thin films were deposited on a sapphire (0001) substrate (-Al2O3 

single crystal sapphire wafer (MTI Corporation)) heated at 300 °C, 1.6 J/cm2 laser 

fluence, with an oxygen background pressure 2×10-1mbar, and with different Mg content 

(x=0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 1). Prior to deposition, all polished sapphire substrates 

were etched in H2SO4:H3PO4=3:1 followed by ultrasonic cleaning in deionized water, and 

finally dried. The structure properties of prepared thin films were measured by using  X-

ray diffractometer (XRD 6000, shimadzu, Japan, Åfrom Cu-K. The 

surface morphology and especially the effect of the grains formation on the quality of the 

thin-film surface was measured by using atomic force microscopy (AFM) (SPM 

AA3000, Angstrom advanced Inc. USA).  

A double–beam Spectrophotometer (SP-8001 UV-VIS, metertech Inc. version 1.08, 

Taiwan) was used to measure the transmittance and absorption of MgxZn1-xO thin films in 

the range (200-900) nm. The background correction is taken for each scan. The 

transmittance and reflectance data can be used to calculate absorption coefficients of the 

films at different wavelength, and used to determine the band gap energy Eg. 
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RESULTS AND DISCUSSION 

x-ray diffraction measurements 

The crystallinity of MgxZn1-xO films was investigated by measuring XRD patterns as 

shown in Figure (1) for x=0, 0.2 and 0.4. Highly c-axis oriented ZnMgO (0002) 

reflections corresponding to the wurtzite-phase crystal structure (hexagonal structure) 

were observed for the films of x=0 (pure ZnO) and x=0.2, showing that these films grow 

epitaxially in a single crystalline phase on (0006) Al2O3 substrates without any rocksalt- 

phase structure. There was a systematic shift of ZnO (0002) peak towards higher 

diffraction angle with the increase in Mg contents. The increase in the Mg contents above 

to x =0.4 did not form complete solid solution. However, Mg segregates in the form of 

MgO, which is clearly visible by the presence of MgO (111) and (200) diffraction lines 

which indicates the co-existence of two phases (hexagonal and cubic structure). 

Optical properties measurements 

Figure (2) shows the optical transmittance spectra of the MgxZn1-xO films grown on a 

sapphire substrate at 300 оC substrate temperature, oxygen pressure 2×10-1 mbar with 

1.6J/cm2 laser fluence and different Mg-content, (x=0.0 – 1). Spectra display a clear 

continuous shift in the transmission edge. 

The transmission spectrum for x= 0.4 clearly showed two absorption edges which 

indicates the presence of secondary phase. This can be also correlated with XRD results, 

which show the presence of both cubic and hexagonal phases. These results are in 

agreement with other works [6, 10]. 

The transmittance spectra of the films can be analyzed as follows: 

1. The excitonic nature of the films is clearly apparent in the spectra. Because the 

exciton binding energy is almost the same as ZnO (≈ 60 meV) [11] in the MgxZn1-

xO thin films, the exciton peak remains present for all alloy compositions with 

increasing of Mg concentration. 

2. Oscillations are observed in the transmittance spectra, which correspond to multi-

reflexions at the film-air and film-substrate interfaces. 

3. For all films, the average transmittance in the visible wavelength region (λ =400–

800 nm) is greater than 85%. 

4. The transmittance of the MgxZn1-xO films increases as Mg content is increased. 

5. The slopes of the absorption edge are softened and there is an obvious shift of the 

absorption edge towards lower wavelengths with increasing of Mg content. This 

may be attributed to the fact that new defects are introduced after substitute of Zn 

atoms in the ZnO lattice by Mg atoms due to the electronegativity and ionic 

radius difference between Zn and Mg [12]. 

The optical band gap value can be extrapolated from the linear region by using 

the relation [13]: 

                    (     )
 

 
 
                                                   … (2) 

 

Where h: incident photon energy, α.◦: absorption coefficient, Eg: band gap energy, and A 

is constant. 
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Using this procedure, the optical energy band gap of MgxZn1-xO thin films become 

wider as Mg content increases and can be precisely controlled between 3.4 and 5.9eV 

with increasing Mg-content from x=0 to x=1 as shown in Figure (3). The reason for 

observed blue shift in the band gap could be attributed to the higher band gap energy of 

MgO (≈ 7.7 eV). 

The band gap at different spots on the spread extracted from optical measurements is 

shown in Figure (4). In the low Mg fraction region where the film remains wurtzite, the 

gap changes linearly from 3.4 to 4eV. In the mixed phase region for x= 0.4, Eg= 4.3eV. 

In the cubic single-phase end of the phase diagram, the band gap increases nonlinearly 

from 5 to 5.9eV with increasing of Mg fraction. 

The refractive index (n) can be found from transmittance spectrum of the film 

according to the following equation [12]: 

 

  
 

 
 [

 

 
  ]

   
                                            … (3) 

 
T: transmittance. 

Figure (5) shows the variation in refractive index of MgxZn1-xO films with 

wavelength at various Mg contents for x= 0 to x=1.The values of the refractive index for 

the films at λ= 400nm vary in the range from 1.96 to 1.75 as Mg-content increased from 

0 to 1. In other words, the refractive indices of the MgxZn1-xO films are decreased as 

Mg-content increased as shown in Figure (6), which are less than those reported by Teng 

et al. [8]. 

Morphology measurements 

Figures (7 and 8) show two and three dimensional of AFM images for the MgxZn1-xO 

films deposited on sapphire substrate at fixed substrate temperature 300 оC, oxygen 

pressure 2×10-1 mbar, and laser fluence 1.6 J/cm2 using different Mg contents (x= 0, 0.2, 

0.3, 0.8, and 1) with scanning area (5×5 µm). It can be found that the root mean square 

(RMS) values of the surface roughness are 120.44nm, 72.1nm, 65.23nm, 38.74nm, and 

30.22nm with x= 0, 0.2, 0.3, 0.8, and 1, respectively. Figure (9) shows the variation of 

surface roughness with different Mg contents in the films. 

It is found from the AFM results that the surface roughness of the films decreases 

with increasing the Mg content and this may indicate a grain growth inhibition effect by 

Mg atoms. This result is in agreement with the work of Jiet.al. [14, 15]. The values of RMS 

and mean grain size obtained from AFM images listed in Table (1). 

 

CONCLUSIONS 

In this work MgxZn1-xO films were grown on sapphire substrates by using pulsed 

laser deposition. The optical properties of the MgxZn1-xO films are found to be strongly 

dependent on the Mg content (x) in the films. 

X-ray diffraction measurement shows that the present of hexagonal structure for 

x=0.2 and the co-existence of two phases (hexagonal and cubic structure) for x=0.4. The 

average transmission was 85% for all the films in the visible wavelength region (λ =400–

800 nm), the transmittance of the MgxZn1-xO films increases and the shift in the 

absorption edge towards lower wavelength (blue region) is clearly with increasing Mg 
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content. The band gap energy of ZnO become wider and changed from (3.4 – 5.9)eV as 

Mg content increases from 0 to 1, while the refractive index decreases from (1.96 – 1.75) 

as Mg-content increases from (0 to 1) at constant wavelength 400nm. 
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Figure (1) XRD spectra of MgxZn1-xO/Al2O3 films deposited at 

Different Mg contents a) x=0, b) x=0.2 c) x=0.4. 

 
 

Figure (2) UV-VIS transmittance spectra of the MgxZn1-xO 

/Sapphire thin films with different Mg content. 
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Figure (3) Variation of (αhν)
2
 Vs. (hν) of MgxZn1-xO/Sapphire thin films 

with different Mg content. 
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Figure (4) Band gap energy as a function of Mg content. 

 

 

 
 

Figure (5) Refractive index as a function of wavelength for  

MgxZn1-xO films with different Mg content. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) Refractive index as a function of Mg  

Content for MgxZn1-xOfilms at λ=400nm. 
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Figure (7) AFM images of the MgxZn1-xO/sapphire films with different 
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 Mg contents a) x=0, b) x=0.2, c) x=0.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

Figure (8) AFM images of the MgxZn1-xO/sapphire films with different 

 Mg contents  a) x=0.8, b) x=1. 
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Figure (9) The variation of surface roughness with Mg- content 

in theMgxZn1-xO films deposited on sapphire substrate. 

 

 
 

Table (1) AFM characteristics of theMgxZn1-xO/Sapphire films 

Deposited at different Mg content. 
 

 

Mg- Content 

(x) 

RMS Roughness 

(nm) 

Mean Grain Size 

(nm) 

0 120.44 52.4 

0.2 72.1 42.7 

0.3 65.23 40.1 

0.8 38.74 37.5 

1 30.22 33.8 
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