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Although ZnO and its relatedZn1−xMgxO alloys have
been studied intensely in the past years owing to the fa-
vorable properties of these materials for the fabrication of
optoelectronic devices, the experimental data for the evo-
lution of theZn1−xMgxO bandgap and lattice parameters
with the amount of incorporated Mg varies considerably in
the literature [1]. Several factors are identified to be re-
sponsible for these variations, such as uncertainties due to
an inaccurate determination of the Mg concentration x, the
formation of a coincidence lattice dependent on the type of
substrate used, and the determination of the bandgap from
absorption measurements neglecting the strong modifica-
tion of the spectra due to excitonic contributions.

In this workZn1−xMgxO epitaxial films with Mg con-
centrations0 ≤ x ≤ 0.3 were grown by plasma–assisted
molecular beam epitaxy on a–plane sapphire substrates.
Precise determination of the Mg concentration x was per-
formed by elastic recoil detection analysis. The bandgap
energy was extracted from absorption measurements with
high accuracy taking electron-hole interaction and exciton-
phonon complexes into account. From these results a linear
relationship between bandgap energy and Mg concentra-
tion is established forx ≤ 0.3. Due to alloy disorder, the
increase of the photoluminescence emission energy with
Mg concentration is less pronounced. An analysis of the
lattice parameters reveals that the epitaxial films grow bi-
axially strained on a–plane sapphire [2].

The Zn1−xMgxO films investigated in this study
were grown by plasma–assisted molecular beam epitaxy
(PAMBE). For an accurate determination of the sample
composition, elastic recoil detection (ERD) measurements
were performed using a 170 MeV127I beam. The scatter-
ing angle for the recoil ions was 38◦, the incident angle of
the projectile ions was 10◦ with respect to the sample sur-
face, whose size was at least 4mm2. The recoil ions were
analyzed in a∆E–Eres detector telescope with a solid an-
gle of detection of 3.5 msr [3]. ERD is an inherent quantita-
tive ion beam analysis technique as long as ion beam dam-
age can be avoided and the scattering geometry is exactly
controlled. In the present case, differences from one mea-
surement to another or fluctuations in the profiles are just
due to statistical uncertainties. As an example Fig. 1 shows
the ERD depth profiles of O, Mg and Zn of the analyzed
Zn1−xMgxO film having a Mg concentration ofx = 0.22.

Figure 1: ERD depth profiles of Zn, Mg (continuous lines),
and O (short-dashed line) of aZn1−xMgxO films with
x = 0.22. The long–dashed lines represent linear fits to the
Zn and Mg profiles. The vertical short-dashed line marks
the interface between epitaxial film and sapphire substrate.

For absorption and photoluminescence (PL) measure-
ments atT = 4.2K, the samples were mounted into a con-
tact gas cryostat after backside polishing of the sapphire
substrates. From the obtained data the absorption coeffi-
cient is calculated. For PL measurements, the 244 nm line
of a frequency-doubled Ar laser with a power density of 30
MW/cm2 was used for excitation. The luminescence signal
was collected normal to the sample surface and was spec-
trally dispersed using a double grating spectrometer with a
resolution of 0.1 nm and detected with a photomulti- plier.
The lattice parameters were determined by high- resolution
X–ray diffraction (HRXRD) [2]. The dependence of the PL
energy and bandgap on the Mg content is shown in Fig. 2.



Figure 2: Dependence of the PL peak energy at 4.2 K and
bandgap as determined by absorption measurements at 4.2
K and at RT on the Mg content determined by ERD.

In summary, a composition analysis of PAMBE grown
Zn1−xMgxO epitaxial films was carried out by elastic re-
coil detection analysis for a precise determination of the
Mg concentration x. In addition, the bandgap energy
was extracted from absorption measurements with high ac-
curacy employing an inhomogeneously broadened Elliott
model and including the effect of exciton-phonon com-
plexes. From these results a linear relationship between the
low– and room temperature bandgap energy and the Mg
concentration x is established. The variation of the low–
temperature PL emission energy is found to deviate from a
linear behavior due to the increase of the disorder–induced
Stokes shift for higher Mg concentrations. An analysis of
the lattice parameters suggests that epitaxialZn1−xMgxO

films form a coincidence lattice with the a–plane sapphire
substrates, and therefore are subject to biaxial compressive
strain, which gives rise to a nonlinear variation of the a–
and c–lattice parameters for increasing Mg concentration
x.
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