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The doping content of Mg plays an important role in the crystalline structure and morphology properties of Zn1-xMg
x
O 

thin films. Here, using radio-frequency magnetron sputtering method, we prepared Zn1-xMg
x
O thin films on single 

crystalline Si(100) substrates with a series of x values. By means of X-ray diffraction (XRD) and scanning electron 

microscope (SEM), the crystalline structure and morphology of Zn1-xMg
x
O thin films with different x values are 

investigated. The crystalline structure of Zn1-xMg
x
O thin film is single phase with x<0.3, while there is phase separation 

phenomenon with x>0.3, and hexagonal and cubic structures will coexist in Zn1-xMg
x
O thin films with higher x values. 

Especially with lower x values, a shoulder peak of 35.1° appearing in the XRD pattern indicates a double-crystalline 

structure of Zn1-xMg
x
O thin film. The crystalline quality has been improved and the inner stress has been released, after 

the Zn1-xMg
x
O thin films were annealed at 600 °C in vacuum condition. 
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In recent years, ZnO has received a lot of interest as a 

promising candidate for ultraviolet optical applications, 

such as light-emitting diodes, laser diodes and ultraviolet 

photodetectors due to its wide bandgap of 3.37 eV and 

large exciton binding energy of 60 meV[1-12]. In order to 

design ZnO-based devices, it is important to modulate the 

bandgap of ZnO. The bandgap of Mg-doped ZnO may be 

adjusted from 3.37 eV (pure ZnO) to 7.8 eV (pure MgO). 

Moreover, the substitution of Zn with Mg cannot induce 

significant change in the lattice constant, as the ionic 

radius of Zn is close to that of Mg. This is essential for 

bandgap engineering as well as homogeneous or hetero-

geneous p-n junction device design. The growth method 

and parameters have large influence on the crystalline 

structure of Zn1-xMg
x
O thin films. Cong et al[1,2] reported 

the effect of growth ambient on the structure and proper-

ties of Zn1-xMg
x
O thin films using radio-frequency sput-

tering, and they found that Mg concentration, structure 

and bandgap of the Zn1-xMg
x
O film can be tuned by 

increasing the N2 partial pressure ratio in the Ar+N2 

ambient, but cannot be tailored by changing the N2 partial 

pressure ratio in the N2+O2 ambient. Fan et al[6] reported a 

high performance solar-blind ultraviolet photodetector 

based on mixed-phase Zn1-xMg
x
O thin film, and the mixed 

phase of Zn1-xMg
x
O was the key to the development of 

ultraviolet photodetectors. The phase separation phe-

nomenon appearing with x larger than 0.25 was also 

reported for Zn1-xMg
x
O thin film prepared from sol-gel 

method[13,14].  

In this paper, the Zn1-xMg
x
O thin films were grown by 

radio-frequency magnetron sputtering with different x 

values. The effects of Mg doping content and annealing 

temperature on the structure and morphology of the 

Zn1-xMg
x
O thin films are discussed. The crystalline 

structure of Zn1-xMg
x
O thin film is single phase with 

x<0.3, while there is phase separation phenomenon of 

hexagonal and cubic structures with x>0.3. The crystalline 

quality and inner stress of Zn1-xMg
x
O thin film are 

improved and released by vacuum annealing process at 

600 °C. 

The Mg doped ZnO ceramic targets with different Mg 

contents were prepared by the following method: first, 

ZnO (99.99%) and MgO (99.99%) fine powders were 

mixed and grinded, preheated and pressed into target 

shape with dimension of Ф60 mm×5 mm by 0.5 MPa oil 

pressure machine, then the target was sent into a muff 
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furnace and sintered at 1 050 °C for 8 h, finally cooled to 

the room temperature. Six Zn1-xMg
x
O targets with Mg 

contents of 15%, 25%, 35%, 40%, 50% and 60% were 

prepared by the above method, and named as 

Zn0.85Mg0.15O, Zn0.75Mg0.25O, Zn0.65Mg0.35O, Zn0.6Mg0.4O, 

Zn0.5Mg0.5O and Zn0.4Mg0.6O, respectively.   

The Zn1-xMg
x
O thin films were prepared using ra-

dio-frequency magnetron sputtering. Step 1, the single 

crystalline Si(100) substrates were cut into pieces with 

dimension of 10 mm×10 mm and ultrasonic cleaned in 

acetone and de-ionized (DI) water, then sent into the 

vacuum chamber after being dried with N2 gas. Step 2, the 

ZnO buffer layer was deposited on Si(100) substrate, the 

temperature was kept at 450 °C, the deposition time was 

15 min, and the thickness of the ZnO buffer layer is about 

50 nm. Step 3, the Zn1-xMg
x
O thin film was deposited on 

ZnO/Si(100) with the same substrate temperature, the 

deposition time was 50 min, and the thickness of this layer 

was about 150 nm. The working Ar (99.999%) pressure 

was 2.5 Pa, the radio frequency power was 100 W, and 

base vacuum pressure was 1×10-4 Pa. During the deposi-

tion, different O2 partial pressures and annealing times 

were selected to investigate structural and luminescent 

variations of the thin films. 

The crystalline structure of Zn1-xMg
x
O thin film was 

determined by X-ray diffraction (XRD) using Rigaku 

diffraction meter with Cu Kα1 radiation (λ=0.154 05 nm), 

and the scanning rate is 8°/min. The scanning electron 

microscope (SEM, ZEISS, SIGMA) was used to charac-

terize the crystalline size and morphology of the annealed 

samples. All the measurements were performed at room 

temperature.  

In order to investigate the influence of Mg content on 

the Zn1-xMg
x
O thin film, we prepared four samples with 

Mg doping contents ranging from 15% to 50%, and all of 

these four samples were annealed at 350 °C for 1 h. Fig.1 

displays the structure information of these four samples 

from XRD measurement.  
 

 

Fig.1 XRD patterns of Zn1-xMgxO thin films with x=0.15, 

0.25, 0.4, 0.5 
 
XRD results reveal that the films display different 

structures with different x values: for x＜0.3, the film is 

hexagonal ZnO structure, and there exists only one 

diffraction peak of (0002), namely single crystalline; for x

＞0.3, there are two different structures, one is hexagonal 

ZnO, while the other is cubic MgO, which means there 

exists phase separation for higher x values. Besides, it 

should be noticed  that there is a shoulder peak for ZnO 

(0002), which will be shown in detail in Fig.2. 

 

 

Fig.2 Detailed information of (0002) peak for Zn1-xMgxO 

thin films with x=0.15, 0.25, 0.4, 0.5 

 

In the XRD diagram of (0002) peak for Zn1-xMg
x
O thin 

films with x=0.15, 0.25, 0.4, 0.5, it can be observed that 

for Mg concentration with higher x values of 0.4 and 0.5, 

there is only one main (0002) ZnO peak at 34.5°, while 

with lower x values of 0.15 and 0.25, a new peak appears 

with diffraction angle of  35.1° besides 34.5°. So we 

believe that as for Zn1-xMg
x
O, the real (0002) peak 

position is at 35.1°. The peak height in lower x case is 

much larger than that in higher x case for Zn1-xMg
x
O thin 

films, which indicates that the crystalline quality is better 

for the lower x values, as Mg concentration increases, the 

crystalline quality becomes worse. 

Although the growth temperature is 450 °C, usually 

annealing is an important step to influence the crystalline 

quality. So we choose two x values of 0.35 and 0.65, and 

two annealing temperatures of 350 °C and 600 °C at 

vacuum. From Fig.3 we can see that there is a shift of peak 

position for x=0.65, while there is no change for x=0.35 

(not shown), and the (0002) peak position moves by 0.06°, 

which means that annealing at 600 °C can improve the 

crystalline quality and release the inner stress in the films.  

 

 

Fig.3 XRD patterns of Zn0.35Mg0.65O thin films at 350 °C 

and 600 °C 
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In order to investigate the morphology change upon 

annealing treatment, we choose x values of 0.35 and 0.65 

for Zn1-xMg
x
O thin films at annealing temperature of 

600 °C, and perform SEM measurement. The results are 

displayed in Fig.4. We can see that both SEM images of 

the two Zn1-xMg
x
O films have obvious changes. At an-

nealing temperature of 600 °C, both Zn0.35Mg0.65O and 

Zn0.65Mg0.35O thin films have a large number of holes, 

which means that the atomic reconstruction happened and 

inner stress released. The improvement of crystalline 

quality can be seen in Fig.3.  

 

 

 (a) Zn0.65Mg0.35O 

 

(b) Zn0.35Mg0.65O 

Fig.4 SEM images of Zn1-xMgxO thin films annealed at 

600 °C  

 

Zn1-xMg
x
O thin films with different x values grown on 

Si(100) substrate have been investigated by XRD and 

SEM. XRD results reveal that the Zn1-xMg
x
O thin film is 

single crystalline structure with x<0.3, and when x>0.3, 

the phase separation appears with hexagonal ZnO and 

cubic MgO structures. The annealing temperature has  

significant influence on the structure and morphology of 

Zn1-xMg
x
O thin films with x values of 0.35 and 0.65, the 

atomic reconstruction happened and the inner stress 

released in this annealing process, and the crystalline 

quality can be improved. 
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