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The growth and characterization of MgxZn1-xO thin films by aerosol-assisted chemical vapor deposition
(AACVD) technique is reported in this paper. We have grown the thin films of ZnO by adding varying
concentrations of magnesium (Mg) on a glass substrate. The precursor from which the MgxZn1-xO thin films
were grown was made up of a mixture of zinc acethylacetonate and magnesium acetate tetrahydrate in boiled
isopropyl alcohol. Oxygen gas was used as a carrier gas and substrate temperature was maintained at 400°C.
MgxZn1-xO thin films were finally characterized by x-ray diffraction (XRD), atomic force microscopy (AFM)
and UV-VIS-NIR spectroscopy. XRD results show that MgxZn1-xO thin films displayed a wurtzite structure
and addition of Mg leads to a slight shift towards higher 2-theta values. AFM results show that MgZnO
thin films were uniformly covered with nano flakes and their size decreases with an increase in Mg content.
Optical studies show that with the increase of Mg content, transparency as well energy band gap of the
MgxZn1-xO thin films increases, which also agrees with the reported values.
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1. INTRODUCTION

Zinc oxide (ZnO) is a leading II-VI semiconductor with a

wide direct-band gap (3.37 eV) and high cohesive energy

(1.89 eV). It has attracted much attention over the past years

because of its wide applications in thin film transistors,

organic light emitting diodes, ultraviolet optoelectronic

devices, gas sensors, solar cells, etc.[1-5] It is found that

doping in ZnO affects the electrical properties of ZnO thin

films as the dopant atom replaces the host Zn atoms, which

leads to a change in conductivity, room temperature ferro-

magnetism and sensing character.[6] Zinc oxide-based alloys

have also attracted research interest during the past few

years. These alloys include MgxZn1-xO, which could produce

a bright ultraviolet luminescence at room temperature due to

the band edge exciton recombination. This renders MgZnO

alloy thin films very good materials for use as optoelectronic

devices.[7] It was also reported that Mg-doped ZnO gained

much interest in the field effect transistors for its hydrogen

storage behavior.[8-10] The major interest in this alloy is

mainly from the consideration of band gap engineering.

Band gap of ZnO can be increased by alloying it with

magnesium oxide, which has a band gap of 7.7 eV, and

decreased by alloying it with cadmium oxide having a band

gap of 2.3 eV.[11-14] Another reason for synthesizing such

ZnO-based alloys is to construct superlattice heterostructures

with less lattice-mismatched alternative layers such as ZnO/

MgxZn1-xO. Many efforts have been made to grow high-

quality ZnO thin films using various deposition techniques

such as sol-gel method, spray pyrolysis, pulsed laser

deposition (PLD), and also using magnetron sputtering.[15-18]

However, AACVD has the advantage of constructing devices

on a commercial scale because of its high deposition rate and

high crystallinity. The technique requires lower deposition

temperature for the deposition of thin film on a polymer-like

substrate. It simplifies the vapor generation and delivery

method as compared to the conventional CVD method.

2. EXPERIMENTAL PROCEDURE

The MgxZn1-xO thin films were deposited on a glass

substrate by aerosol-assisted chemical vapor deposition

(AACVD) technique. The precursor from which the MgZnO

thin films were grown was made up of a mixture of zinc

acethylacetonate and magnesium acetate tetrahydrate in

boiled isopropyl alcohol. Oxygen gas was used as a carrier

gas and substrate temperature was kept at 400°C. The

precursor, in the form of aerosol, under the huge pressure of

carrier gas reaches up to the heated substrate where it

chemically combines with Zn and Mg to form MgxZn1-xO

and gets deposited on to the substrate surface. The chemical

reaction taking place in reaction zone is shown as follows:
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(C5H7O2)2Zn.H2O + (CH3COO)2Mg + C3H7OH =

 MgxZn1-xO+ gaseous product.

(Zinc acethylacetonate) (magnesium acetate tetrahydrate)

In the beginning of this process, isopropyl alcohol is

boiled up to its boiling temperature. The precursor of ZnO

(zinc acethylacetonate) added dropwise to the boiled

isopropyl alcohol. The formed solution is again boiled with

continuous stirring until the solution becomes transparent.

The source of MgO (magnesium acetate) is added dropwise

to the prepared solution with stirring until the particles are

completely dissolved in the solution. After preparing the

final solution, it is sprayed onto the heated substrate with the

help of a carrier gas. When the substrate temperature reaches

the desired growth temperature, oxygen gas along with the

precursor solution is allowed to pass through the fine nozzle

jet where the precursor gets converted into an aerosol. At the

same time O2 is used as a carrier gas to guide the formed

aerosol inside the reactor. The substrate, now in the form of

aerosol, under the huge pressure of carrier gas reaches the

heated substrate where it chemically combines with Zn and

Mg to form MgxZn1-xO and is deposited onto the substrate

surface. The unconsumed gases are vented out of the reactor

in order to provide a free flow of the precursor and carrier

gas. After the complete flow of the precursor solution

through the reaction chamber, the substrate is ejected out

from the chamber and subjected to different characterizations

to analyze the quality of deposition. For preparing the

aerosol, the reaction chamber pressure of gas to which the

precursor solution flows is set at 0.1 - 0.5 bar and the substrate

temperature is maintained at a constant value of 200°C -

400°C. The nozzle to substrate distance and diameter of

nozzle is set at 450 mm and 0.5 mm, respectively. Structural

studies of the films were performed using a Philips D8

advanced x-ray diffractometer. Cu-Kα radiation was used in

the XRD studies. The atomic force microscopy (AFM)

studies were performed on Nanoscope V Dimension 3010

AFM3. Optical studies were carried out on Shimadzu-1700

UV-VIS-NIR spectrophotometer. 

3. RESULTS AND DISCUSSIONS

Figure 1(a), 1(b) and 1(c) shows the x-ray diffraction

patterns of pure ZnO and MgxZn1-xO thin films when (a) ‘x’

= 0, (b) ‘x’ = 0.15, (c) ‘x’ = 0.3 grown on glass substrate at

400°C temperature. The XRD pattern of the grown samples

supports the polycrystalline nature of the deposition. This

may be due to the polycrystalline nature of glass itself.

However, a strong preferential (002) orientation has been

detected for both of the samples, which is presumably due to

the amorphous nature of glass and the formation of an

amorphous zinc oxide layer on the substrate. In Fig. 1(a),

several strong peaks occur at 2θ = 31.86°, 2θ = 34.49°, 2θ =

36.36°, which respectively correspond to (100), (002), (101)

diffraction planes of the hexagonal ZnO. In Fig. 1(b) some

other peaks are also found in the 2θ angles of 56.4°, 62.8°

and 67.9° corresponds to (103), (200) and (112) planes of the

wurtzite structure, respectively. The strong peak occurring at

2θ = 41.86° and 2θ = 36.86° in Fig. 1(c) corresponds to the

presence of MgO (200) and amorphous Mg.3Zn.7O (002)

diffraction planes in the deposition. It was observed that

there is a slight shift in the 2θ values, which is due to the

decrease in lattice spacing caused by the incorporation of

Mg content into the Zn lattice.

Surface morphology of the Mg-doped ZnO films was

studied by atomic force microscopy. Figure 2(a) and 2(b)

shows the AFM 2D micrographs with their 3D images of the

MgxZn1-xO thin films where x = 0.1 and 0.3, respectively. It

Fig. 1. (a), (b), (c) XRD patterns of Mg doped ZnO thin film when (a)
‘x’ = 0, (b) ‘x’ = 0.15, (c) ‘x’ = 0.3 grown on glass substrate at 400°C
temperature.
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can be clearly seen from Fig. 2 that both the films are

uniformly covered with nano flakes and that as the Mg

concentration increases, the morphology of the ZnO films

drastically changes, as evident by the grains being smaller in

size. In the present work we also calculated the average

value of roughness of the films through AFM, which was

found to be 14.0 and 34.1 nm for x = 0.1 and 0.3, respectively.

Morphological studies for some of the samples were also

carried out by using scanning electron microscope. Figure

3(a), 3(b) and 3(c) shows the SEM micrographs of Mg doped

ZnO thin film when (a) ‘x’ = 0.05, (b) ‘x’ = 0.15 (c) ‘x’ = 0.2

grown on glass substrate at 400°C temperature. It can be

clearly seen that all samples are uniformly covered with

nano flakes (Fig. 3(a), 3(b)) and spherical shape nano grains

(Fig. 3(c)).

Figure 4 presents the plots of the absorption coefficient

versus photon energy. This curve clearly shows the excitonic

nature of absorption spectra for x = 0.0, 0.05, 0.1, 0.15, 0.2

and 0.3. Since the excitonic binding energy of MgxZn1-xO is

almost the same as that of ZnO (60 MeV) the excitonic peak

is present for all the films with x = 0.0, 0.05, 0.1, 0.15, 0.2

and 0.3. When Mg is substituted in ZnO, an equilibrium

solid solution is formed up to x = 0.05 in accordance with the

thermodynamical solubility limit. For 0.05 ≤ x ≥ 0.20, a non-

equilibrium solid solution is formed displaying compositional

nonuniformity. This leads to generation of nonequilibrium

compensated defects, which is reflected in sudden changes

in the electrical and optical properties of the films. Con-

sidering the excitonic effect, band gap values (for band to

band transition) for MgxZn1-xO thin films have been

calculated and plotted as shown in Figure 5. The optical

band gap was estimated from the linear intercept of the

(αhν)2 versus hν plots. The obtained optical band gap energy

for pure ZnO is 3.27 eV. This value is slightly lower than

that of bulk ZnO (i.e. 3.31 eV) and in good agreement with

the previously reported data for ZnO thin films. The value

increases linearly from 3.27 eV for x = 0.0–3.54 eV for x =

0.3. There is a shift in the energy band gap, which is due to

the assimilation of Mg into ZnO lattice and agrees with the

reported values. Beyond this composition value, band gap

Fig. 2. (a) and (b) show the AFM 2D micrographs with their 3D images of the MgxZn1-xO thin films when ‘x’ = 0.1 and ‘x’ = 0.3, respectively.
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values are irregular. The slope of variation of band gap up to

x = 0.05 is lower than those reported earlier. The lower

experimental values of Mg:Zn ratio might explain the lower

band gap values in the present MgxZn1-xO thin films. The

linear variation of band gap with magnesium content from

x = 0 to x = 0.3 is shown in Fig. 6. The linear nature of this

curve reflects that the probability of further incorporation of

Mg in the lattice site of ZnO still exists. Since the maximum

value of band gap obtained for our depositions is around

3.53 eV at 0.1 mol. % of Mg in solid film, which corresponds

to the hexagonal structure of MgZnO maintained in our last

deposition. Figure 7 shows the transformation of Mg from a

liquid solution to the final solid deposition in our system.

The linear nature of this curve reflects the fact that larger the

Fig. 3. (a), (b), (c) SEM micrographs of Mg doped ZnO thin film
when (a) ‘x’ = 0.05, (b) ‘x’ = 0.15, (c) ‘x’ = 0.2 grown on glass sub-
strate at 400°C temperature.

Fig. 4. Variation of optical absorbance coefficient of MgxZn1-xO thin
films with the incident photon energy.

Fig. 5. Plot of (αhν)2 as a function of photon energy (eV) for the
MgxZn1-xO thin films.

Fig. 6. Variation of band gap (Eg) with Mg content (x) in liquid solu-
tion of MgxZn1-xO. The solid line represent the linear fit of the corre-
sponding data from x = 0 to x = 0 .3.
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value of Mg precursor in the solution larger the Mg content

in the solid film.

4. CONCLUSIONS

We have shown in this work that high-quality polycrystalline

MgZnO films can be grown on glass substrates by using

aerosol-assisted chemical vapor deposition method. Mg

content achieved by our growth system is almost an order of

magnitude higher than that predicted by the reported results.

The optical band gap has been increased from 3.2 to 3.5 eV

by adjusting the Mg content. Throughout this tuning range,

the crystal quality was sufficiently preserved to maintain the

hexagonal crystal structure of the material, which has been

confirmed by the XRD pattern of the samples. The amorphous

phase in ZnO films obtained in films deposited at a slightly

highly temperature is believed to be the main reason for the

blueshift of optical band gap. These results provide important

information for the design and modeling of ZnO/MgZnO

heterostructure optoelectronic devices. The ability to grow

high-quality MgZnO alloy films opens up numerous pos-

sibilities for the construction of ultraviolet optoelectronic

devices. 
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