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a b s t r a c t

A single-phase wurtzite MgZnO film with an optical band gap of 294.5 nm was synthesized on ZnO
substrate by molecular beam epitaxy, and a photodetector was fabricated working in the ultraviolet-B
spectrum region. Wurtzite BeO was adopted to restrain the substrate response as an insulating layer and
provide an excellent epitaxial template for high-Mg-content MgZnO growth. In situ reflection high-

achievement of high-quality single-phase wurtzite MgZnO with smooth surface and deep ultraviolet
band gap. The BeO layer efficiently suppresses the photoresponse from the substrate, as the photo-
detector demonstrates a sharp cutoff at 290 nm, consistent with the optical band gap.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

Wurtzite MgZnO (W–MgZnO) inherits an excellent opto-
electronic properties from its parent structure of ZnO, such as
tunable wide direct band gap from 3.37 eV to 4.55 eV [1–3], large
exciton binding energy (∼60 meV) [4], and low growth tempera-
ture [5]. These merits make MgZnO a promising candidate as an
active layer working in the ultraviolet-B (UV-B, 280–320 nm)
spectrum region. UV radiation in this range can be greatly used
in many areas such as short-wavelength communication, steriliza-
tion and so on. Detection of UV-B rays also has a lot of important
applications in conflagration pre-warning, missile detection, and
biological sensing, for example. Therefore, great efforts have been
devoted to the research on UV-B detection with high-quality, high-
Mg-content W–MgZnO components and related issues [6–16].
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At present, most W–MgZnO films suitable for deep UV detec-
tion were fabricated on Al2O3 [10,11] or Si [12,13], where the large
lattice mismatch between W–MgZnO and the substrates induced
many dislocations in the film, resulting in a deterioration of the
device performance. In this case, homo-epitaxial growth of
W–MgZnO would be the best choice since commercial ZnO wafers
are available. Therefore, a few studies about the fabrication of
MgZnO UV-B photodetectors (PDs) on ZnO substrates have been
reported [14–16]. A mid-ultraviolet Pt/Mg0.59Zn0.41O Schottky
photodiode was fabricated on ZnO wafer, and the photoresponse
lower than 10�4A/W was discerned in the wavelength region
between 280 and 380 nm, most likely coming from the n+-ZnO
substrate [14]. One effective way to solve this problem may be the
insertion of a barrier layer to suppress the carrier transportation
from the ZnO side. A conducting polymer named as PEDOT:PSS
was used as a Schottky contact and no signal from the substrate
was detected [15]. However, considering the unique merits and
requirements of MgZnO working in high temperature and high
radiation circumstances, unstable organic components must be
replaced with stable inorganic materials, like oxides. In this case,
insertion of an insulating oxide layer, like MgO, between the
MgZnO epilayer and ZnO substrate, may hopefully block the
photo-induced carriers in ZnO side and thus solve the above-
mentioned problems. However, owing to the large crystal struc-
ture difference between wurtzite ZnO and rock-salt MgO, phase
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separation will naturally happen when the film thickness and the
Mg solubility reach to the critical values [17], which hinders
the increase of Mg content and hence the applications in the
UV-B range.

In the present work, an insulating BeO layer is inserted
between the active MgZnO layer and the ZnO substrate, serving
as an epitaxial template and a barrier layer as well. A high-quality
single-phase W–MgZnO with a UV-B band gap was obtained on
this BeO interfacial layer with same wurtzite structure. PDs based
on this double hetero-structure, i.e. W–MgZnO/BeO/ZnO, were
fabricated, demonstrating an obvious response in UV-B radiation
range, which is in good agreement with the optical band gap
determined from the reflectance spectroscopy. More importantly,
no signal from the substrate was detected, indicating the role of
BeO layer in blocking the carriers from ZnO.
2. Experiment

The single-phase wurtzite MgZnO epitaxial film was fabricated
on O-polar ZnO (KMT, 10�10�0.5 mm3) substrate by the radio-
frequency plasma assisted molecular beam epitaxy (rf-MBE)
technique. Elemental Mg, Zn, and Be evaporated by Knudsen cells
(CreaTech) and radical oxygen generated by rf-plasma system
(SVTA) were used as sources for the growth. The substrate was
degreased in acetone and ethanol before loading into the growth
chamber. After that, the substrate was thermally cleaned at 750 1C
for 20 min and then exposed to oxygen radicals for 20 min at
500 1C to remove the surface defect layer and contaminations
caused by the mechanical polishing process. Further, a thin ZnO
buffer layer was grown at 500 1C to improve the surface crystalline
quality. Subsequently, a single-phase BeO interfacial layer was
synthesized at 850 1C with a thickness about 30 nm. At last,
MgZnO alloy films were deposited at 450 1C by using a low Mg/Zn
flux ratio for the buffer layer and a high Mg/Zn flux ratio for the
epilayer. The thickness of the epilayer is around 300 nm.

The whole growth process was in situ monitored by reflection
high-energy electron diffraction (RHEED), where the evolution of
crystal structures and qualities can be clearly seen. The crystal
structure of the epilayer was further investigated by ex situ X-ray
diffraction (XRD) measurements. The band gap of the MgZnO
active layer was determined from the reflectance spectroscopy.
A UV-B PD was designed and fabricated with a metal–semiconduc-
tor–metal (MSM) structure using Ti/Au metal electrodes. Photo-
response measurements were performed using the SpectraPro-500i
(Acton Research Corporation) optical system with a Xe-arc lamp
combined with a monochromator as the light source.
Fig. 1. RHEED patterns along two fixed electron azimuth directions as recorded in
sample synthesis: (a) ZnO (0001) substrate after preconditioning, (b) ZnO buffer
layer, (c) BeO buffer layer, (d) MgZnO buffer layer after in-situ annealing, and
(e) MgZnO epilayer after in-situ annealing.
3. Results and discussion

The RHEED technique was efficiently applied to in situ monitor
the whole growth process. After the pretreatment of the commer-
cial bulk ZnO substrate with high-temperature thermal cleaning
and exposure to oxygen plasma [Fig. 1(a)], a thin ZnO buffer layer
was grown to further improve the surface crystalline quality [Fig. 1
(b)]. To restrain the strong photoresponse from the substrate, a
BeO insulating layer was synthesized [Fig. 1(c)] with a larger space
between two reciprocal rods compared to that of ZnO. That is
because the in-plane lattice constant of BeO (a¼2.699 Å) is
smaller than that of ZnO (a¼3.249 Å). The spotty patterns herein
indicate a 3-dimensional growth and relaxation of lattice strain,
which provides a suitable template for the following epitaxial
growth of high-quality W–MgZnO, as shown by Fig. 1(d) and (e). In
Fig. 1(d), a W–MgZnO buffer layer with low Mg content was
subsequently deposited to accommodate the large lattice misfit
between BeO and W–MgZnO epilayer with high Mg content.
On this quasi-homo buffer layer, a high-quality single-phase
W–MgZnO epilayer was achieved with smooth surface, which
can be deduced from the sharp streaky patterns in Fig. 1(e). More
details about this unique quasi-homo buffer layer growth method
can be found in Ref. [3].

To confirm the single wurtzite crystal structure of the epilayer,
XRD θ–2θ scan was carried out as demonstrated in Fig. 2. The peak
located around 34.441 is attributed to the diffraction from ZnO
(002) planes. When Mg is alloyed into the hexagonal lattice of
ZnO, the diffraction peak originated from the W–MgZnO (002)
planes is shifted to a larger angle (noted as 34.901 in Fig. 2)
compared to that from the substrate. It is quite reasonable because



Fig. 2. XRD θ–2θ scan of the MgZnO epilayer. Note: the XRD intensity is rescaled via
a logarithmic scale.

Fig. 3. Reflectance spectrum measured at room temperature. The black arrow
indicates the band gap position of the sample.

Fig. 4. (a) Current–voltage curve of the W–MgZnO/BeO/ZnO double heterojunction
PD and the inset provides the detailed device structure of the PD. (b) Photoresponse
spectrum at 0 V bias, and the inset shows the result in a logarithmic scale. Note: the
signal located at about 320 nm comes from the shift of the optical gratings.
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the plane distance along the growth orientation is decreased due
to the smaller ionic radius of Mg2+ than that of Zn2+ [18]. More-
over, only the two apparently separated peaks related with ZnO
(002) and W–MgZnO (002) can be distinguished in the whole
scanning scale, indicating a single-crystalline wurtzite structure of
the epilayer without the existence of phase separation, which is
coincident with the in situ RHEED observations.

Room temperature reflectance spectroscopy was applied to
determine the band gap of the sample. Fig. 3 shows the measure-
ment result. A characteristic peak [indicated by a black arrow]
followed by a typical Fabry–Perot oscillation is exhibited, which
can be assigned as the band gap of the epilayer (294.5 nm). In
addition, from the relationship between the optical band gap and
the Mg content [19], we can estimate that Mg content is about
42%. More importantly, the band gap of the epilayer is within the
UV-B range, offering the probable applications of this material as
UV-B detecting active layers.

A UV-B PD with a Schottky-type interdigital MSM structure was
fabricated. Ti (10 nm)/Au (50 nm) was deposited to form finger
electrodes, with 5 μm width, 300 μm length, and 5 μm gap (as
shown in the inset of Fig. 4(a)). Current–voltage measurements
were carried out, and a non-symmetrical rectifying behavior was
observed (seen from Fig. 4(a)), indicating a Schottky contact
feature between Ti/Au metal electrode and MgZnO epilayer.
Fig. 4(b) shows the photoresponse performance at a bias of 0 V.
An obvious cutoff observed at about 290 nm agrees well with the
optical band gap determined by the reflectance spectroscopy. The
maximum responsivity is ∼20 mA/W at 260 nm, and the rejection
ratio of UV-B to visible light is about two orders of magnitude,
demonstrating that the BeO insulating layer plays a key role in
suppressing the strong photoresponse from ZnO substrate at about
370 nm.
4. Conclusions

A single-phase wurtzite MgZnO film with a UV-B band gap was
synthesized on O-polar ZnO substrate by using BeO layer to serve
as an excellent epitaxial template and to suppress the intensive
photoresponse from the substrate. A PD was fabricated on this
high-quality active layer with a sharp cutoff wavelength at
290 nm, demonstrating a good response to UV-B radiation. An
important contribution of present work is that the signal from ZnO
substrate is effectively controlled, opening the potential applica-
tion of the UV-B optoelectronics based on ZnO substrates.
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