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Characterization of strain effects of ZnMgO ternary alloys
grown by MBE

SHENG-YAO HU', YUEH-CHIEN LEE?, YU-HSIANG WENG®, AND WU-CHING CHou*
! Department of Digital Design Technology, Tungfang Design Institute, Hu-Nei, Kaohsiung 82941, Taiwan
2 Department of Electronic Engineering, Tungnan University, Shen-Keng, New Taipei 22202, Taiwan
3 Department of Electrical Engineering, National Taiwan Ocean University, Keelung 20224, Taiwan

“Department of Electrophysics, National Chiao Tung University, Hsinchu 30010, Taiwan

ABSTRACT

Ternary alloys of ZnMgO have been proposed as the promising wide band semiconductor
materials due to the adjustable band gap and lattice parameter by varying zinc (Zn) and/or magnesium
(Mg) compositions for the application of the short-wavelength photonic devices such as ultraviolet
detectors, light-emitting diodes, and laser diodes. Our current effort in investigating the strain effects
of Zn; ,Mg,O materials has been implemented by producing the samples on the Al,O3 substrates with
different controlled level of Mg compositions by the Molecular Beam Epitaxy (MBE) method. To
analyze the effect of the incorporation of Mg in the lattice, we must take into account that the
Zn1,Mg,O layer is under compressive or tensile strain depending on its composition. Then,
Zn1,Mg,O samples can be assessed by the measurements of X-ray diffraction (XRD). The detailed
experiment procedure and explanation are compared and discussed.
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1. Introduction

Ternary alloys of ZnMgO have been proposed as the
promising wide band semiconductor materials due to the
adjustable band gap and lattice parameter by varying zinc (Zn)
and/or magnesium (Mg) compositions for the application of the
short-wavelength photonic devices such as ultraviolet detectors,
light-emitting diodes, and laser diodes [1-3]. Despite their
various technological applications, the theoretical and
experimental understanding of the solid-state properties of
various Mg contents in ZnMgO is still relatively incomplete. In
this work, we report the strain effects of ZnMgO films
produced via the molecular beam epitaxy (MBE) on the

sapphire substrate.

2. Experimental
Zn;4Mg,O materials have been implemented by
producing the samples on the Al,O; substrates with different
controlled level of the Mg compositions by plasma-assisted
molecular beam epitaxy (PA-MBE) method. Each sample was
grown on the first buffer layer of ZnO and second buffer layer
of MgO at the substrate temperature of 650 °C. During the
processing of sample preparations, the Mg flux was in the
range of 5.52x10™° — 2.05x10°® Torr. The compositions of the
Zn1,Mg,O samples were identified by Energy-dispersive X-ray
spectroscopy (EDX), and the Mg (Magnesium) content in each
of the three samples was estimated to be 3.3% for #51, 6.4%
for #48, and 8.3% for #46, respectively. The strain effects of the

Zn;4Mg,O heterostructure ternary alloys were analyzed by

means of the X-ray diffraction (XRD) method.

3. Results and discussion
In order to investigate the effects of different Mg contents
of ZnMgO ternary alloys, it is quite necessary to analyze the
influence of the incorporation of Mg in the lattice. To examine
the effect of Mg incorporation in the lattice, we might take into
account that the ZnMgO layer is under compressive or tensile
strain depending on its composition. Then, the crystal structure

and orientation were investigated by the XRD measurements of
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Fig. 1 XRD spectra in the range of 60 - 75° are
shown here, it is found that all the samples
show preferred orientations of (004) to
characterize the hexagonal wurtzite structure
with the strongly c-axis oriented but the peak

of (103) is from the sapphire substrate

0 - 20 scan in the range of 60 - 75°. As shown in Fig. 1, it is
found that all the samples show preferred orientations of (004)
to characterize the hexagonal wurtzite structure with the
strongly c-axis oriented but the peak of (103) is from the
sapphire substrate [2]. This points out that the c-axis of the
grains becomes uniformly perpendicular to the sapphire
substrate surface, indicating the formation of ZnMgO alloys
with wurtzite structure. In order to study the influence of Mg
content in the ZnO material, we would like to pay our attention
to the peak position of (004). The shifting of (004) peak is
directly related to ‘c’ axis length and calculated by using the
Bragg’s law for the (004) plane by ¢ = A/sin®, where X and
0 are the x-ray wavelength and the diffraction angle of the
epitaxial layers, respectively [4]. As a result, the c-axis length

monotonically reduced from 5.196 A (x = 3.3%) to 5.185 A (x
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= 8.3%) and this reduction in the ‘c’ axis length could be
explained with the fact that in the ZnMgO hexagonal lattice,
part of Zn?* (0.60 A) ions are replaced by somewhat smaller
Mg?* (0.57 A) ions [5]. Probably, as more Mg was introduced
into the sample, Mg embedded itself in an interstitial position,
which leads to a decrease of the lattice constants.

As we have known that the variation of residual stress
might influence the lattice constant “c” of ZnMgO films, so we
specifically investigate the residual stress in ZnMgO samples
by considering the (004) peaks in XRD spectra. The lattice
constant can be further utilized to evaluate the average uniform

strain, oS in the lattice along the c-axis can defined as:

— 2C123 _C33(C11 +C12) % -G

where ¢; (i, j = 1, 2, 3) stands
2C13 c0

S

for the elastic constants in different orientation; c, is the lattice
constant of ZnO (5.205 A), and c is the lattice constant of our
ZnMgO sample [6]. Then, the residual stress os in those
ZnMgO samples can be obtained by substituting the value of c;;
(i, j =1, 2, 3) in the above equation with c;; = 207.0 GPa, ¢y, =
117.7 GPa, ¢13 = 106.1 GPa, and c33 = 209.5 GPa, respectively
[6]. The calculated results are determined to be 0.427 GPa for
#51, 0.528 GPa for #48, and 0.882 GPa for #46, respectively.
The stress is positive to indicate that the biaxial stress is tensile
and the residual stress of the ZnMgO samples was increased as
the Mg content was increased [7]. Then the results of residual
stress are quite confirmed as the Mg composition increased, the
ZnMgO (004) diffraction peaks approaching the higher degree

side.

4. Conclusions
The ternary alloys in the structure containing ZnMgO film
with different Mg contents have been investigated by the XRD
techniques. Furthermore, the higher Mg contents samples
contributing to the larger values of stress. As a result, it is
interesting to notice that structural property is more strongly

influenced by the fact of Mg in the Zn-Mg-O alloy system.
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