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We demonstrated the successful fabrication of MgO-core/ZnO-shell nanowires, in which the shell
layers were deposited by using the sputtering technique. Transmission electron microscopy investigations revealed that core nanowires were surrounded by a ZnO shell layer. At 298 K, the photoluminescence (PL) peak intensity ratio (green/UV) decreased with increasing ZnO shell thickness. In
regard to the effect of temperature, the intensity of the green emission band was progressively decreased with increasing measurement temperature. We discuss the possible associated PL emission
mechanisms.
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I. INTRODUCTION
One-dimensional (1D) nanostructures (such as wires,
rods, and tubes) have been the focus of extensive research in recent years due to their potential applications
in fabricating nanoscale electronic, optoelectronic, and
sensing devices [1–8]. In order to realize various tailormade functions, coaxial 1D structures with a core/sheath
geometry have been created.
Magnesium oxide (MgO) has been an exceptionally
important material for use in catalysis and toxic waste
remediation and as an additive in refractory, paint and
superconductor products [9–11]. Furthermore, MgO is a
typical wide-bandgap insulator; thus, the electronic and
the optical properties of bulk MgO have been investigated [12–14]. Accordingly, several researchers have reported on the synthesis of 1D MgO nanostructures [15,
16] however, they generally conducted their studies from
the viewpoint of the preparation method and characterization. Zinc oxide (ZnO) is not only a promising material
for ultraviolet (UV)/blue devices but also for spintronics
if it is doped with magnetic impurities [17]. Furthermore,
since ZnO is bio-safe and biocompatible, it can be used
for biomedical applications [18,19].
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In our attempt to fabricate MgO/ZnO core-shell
nanowires in this study, we have used a sputtering technique with a ZnO target. A significant improvement of
PL emission has been demonstrated in the ZnO/MgO
core-shell quantum dots [20]. Furthermore, ZnO-MgO
heterostructures have been useful in the study of chemical sensors, optical devices, scanning probes, and heterojunction materials with quantum confinement effects
[21]. Up to the present, a variety of techniques including
chemical vapor deposition (CVD) and the sol-gel process,
have been employed. Compared to the CVD method,
sputtering is more efficient, resulting in a high productivity. Compared to the sol-gel process, sputtering is more
well-controllable and precise, which is suitable for future
ULSI systems. To the best of the authors’ knowledge,
this is first report on the fabrication of ZnO sheaths by
using a sputtering technique.

II. EXPERIMENTS
As a core material, MgO nanowires were synthesized
by thermal heating of MgB2 powders in a quartz tube.
The pure MgB2 powders were heated, and the associated
vapors were deposited on Au-coated (3-nm-thick) Si sub◦
strates. The substrate temperature was set to 900 C in
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a flow of an O2 /Ar gas mixture. The shell coating on the
as-prepared MgO nanowires was performed using an RF
sputter system, where schematic diagram was previously
described [22]. A 70W RF power at a frequency of 13.56
MHz was supplied in an Ar (99.99 % purity) gas atmosphere The flow rates of the Ar and the O2 gases were
set to 30 and 10 sccm, respectively, at room temperature
at a pressure of 5.0 × 10−2 Torr A 99.99 %-pure ZnO
target was used and deposition was carried out for 2, 4,
or 8 min.
The structural properties of the samples were analyzed by using glancing angle (0.5◦ ) X-ray diffraction
(XRD, Philips X’pert MRD diffractometer with CuKα1
radiation), field emission scanning electron microscopy
(FE-SEM Hitachi, S-4200), and transmission electron
microscopy (TEM Philips, CM-200) with an energy dispersive X-ray spectroscopy (EDX) installed. The PL was
measured with the 325nm line from a He-Cd laser. In additional experiments for investigating the temperaturedependence of the PL, the sample temperature was controlled from 18.8 K to 300 K by using a closed-cycle
refrigeration system (Janis CCS-100) and a temperature controller (Lakeshore 330). The luminescent light
was dispersed by using a 50-cm monochromator (Spex
500M) and was detected by using a cooled photomultiplier tube (ISA Jobin-Yvon R955). A lock-in amplifier
(EG&G 5210) was used to increase the signal-to-noise
ratio.

1. III. RESULTS AND DISCUSSION

Figures 1(a) and 1(b) show typical SEM images of
MgO-core/ZnO-shell nanowires sputtered for 2 min and
8 min, respectively. The images clearly reveal that products consist of 1D structures, regardless of sputter time.
Figure 1(c) shows an XRD pattern of MgO-core/ZnOshell nanowires sputtered for 4 min. Some diffraction
peaks can be indexed to the tetragonal rutile structure of
MgO with lattice constants of a = 4.738 Å and c = 3.187
Å (JCPDS File No. 040829) from the core nanowires
whereas other weak reflection peaks can be indexed as
the hexagonal lattice of ZnO, which are in agreement
with JCPDS file No. 05-0664. Accordingly, the XRD
analysis reveals not only the inner core of cubic MgO
but also the outer shell of hexagonal ZnO.
Figure 2(a) shows a TEM image of a MgO-core/ZnOshell nanowire, consisting of a rod-like core and thin coating layers on both sides. The outer shell layers are continuous along the nanowire. The diameter of the core is
approximately 75 nm whereas the thickness of the shell
layer ranges from 25 to 35 nm. Figure 2(b) shows the
selected area electron diffraction (SAED) pattern taken
from the shell region of the coated nanowire, which appears to be a superposition of single crystal spot patterns arising from the polycrystalline nature of the ZnO
shell. In addition, the pattern shows a halo in the center,

Fig. 1. SEM images of the MgO/ZnO core-shell nanowires
sputtered for (a) 2 min and (b) 8 min. (c) XRD pattern of
MgO/ZnO core-shell nanowires sputtered for 4 min.

suggesting the existence of an amorphous phase. An enlarged TEM image from the area enclosed by the dotted
square in Figure 2(a) is shown in Figure 2(c). Visible lattice fringes are evidence that the shell layer is polycrystalline. The spacing between two adjacent lattice planes
is about 0.25 nm, corresponding to the spacing of (101)
planes in a hexagonal ZnO crystal. No dislocation line
can be seen in this image. The EDX spectrum shown in
Figure 2(d) indicates that the synthesized nanowires consist of Mg, Zn, and O elements. Since the core nanowires
correspond to pure MgO, the existence of a Zn peak indicates that the shell layer is comprised of Zn elements.
Figures 3(a) and 3(b) show normalized PL spectra of
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Fig. 3. Normalized PL spectra of (a) MgO core nanowires
and (b) MgO/ZnO core-shell nanowires sputtered for 4 min.
(c) Comparison of PL intensities of MgO/ZnO core-shell
nanowires sputtered for 2, 4, and 8 min. (d) Variation of
the green-to-UV peak intensity ratio for samples sputtered
for 2, 4, and 8 min.

Fig. 2. (a) Representative TEM image of a MgO/ZnO
core-shell nanowire sputtered for 4 min. (b) Corresponding
SAED pattern. (c) Lattice-resolved TEM image enlarging the
area enclosed by the dotted square in (a). (d) Corresponding
TEM-EDX spectrum.

core and ZnO-coated MgO nanowires, respectively. A
multi-peak Gaussian fitting analysis indicates that the
spectrum in Figure 3(a) consists of two bands, peaking
at approximately 2.4 eV in the green region and 2.8 eV
in the blue region, respectively. The blue and the green
emissions originate from defects in MgO [13, 23], which
could be generated during the hightemperature fabrication of MgO core nanowires. Figure 3(b) reveals three
bands, peaking at 2.4 eV, 2.8 eV, and 3.2 eV, respectively. Besides the 2.8eV peak from MgO core, it is
noteworthy that a 2.4 eV peak has been significantly
intensified after the ZnO coating. We surmise that the
green emission peak, which originates from the ZnO core
and is known to be related to defects such as oxygen vacancies [24–27], has overlapped the existing green peak
from the MgO core nanowires. In addition, the ultraviolet (UV) band (3.2 eV) is associated with the excitons
in ZnO [24,25].
In order to compare the intensities, we have shown the
PL spectra of MgO-core/ZnO-shell nanowires with sputter times of 2, 4, and 8 min, in Figure 3(c). While the
Gaussian deconvolution analysis confirmed the existence
of three bands (2.4 eV, 2.8 eV, and 3.2 eV) regardless of

the sputter time, the overall PL intensity decreased with
increasing thickness of the ZnO shell layer. For revealing
the origin of this phenomenon, we present the luminescence peak intensity ratio (green (2.4 eV)/ UV (3.2 eV))
in Figure 3(d). The peak intensity ratio decreased with
increasing ZnO shell thickness. This phenomenon is similar to that in the previous work, in which the green-toUV peak ratio increased with increasing ZnO nanowire
diameter [28] or increasing ZnO film thickness [29]. The
progressive decrease on the peak ratio (green/UV) as the
shell thickness increases suggests that there is a smaller
fraction of oxygen vacancies in thicker shell layers [28].
We believe that the higher surface-area-to-volume ratio
for thinner shell layers should favor a higher level of surface and sub-surface oxygen vacancies [28].
The temperature-dependent PL excited at 325 nm was
investigated at temperatures ranging from 18.8 to 300 K
(300, 200, 100, and 18.8 K) for the 8-min-sputtered sample and is shown in Figure 4(a). It is noteworthy that
the overall PL intensity progressively increased with decreasing measurement temperature. To reveal the origin of this observation, we performed a Gaussian deconvolution analysis, revealing that the spectra consist of
green, blue, and UV bands, respectively, regardless of
the measurement temperature. As an example, Figure
4(b) presents the PL spectrum at 18.8 K with a Gaussian
fitting. We notice that the intensity of the green emission band progressively decreases with increasing measurement temperature, with its peak position remaining
unchanged (Figure 4(c)). Presumably, this observation is
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shell nanowires were investigated using SEM, XRD,
TEM, and EDX. The PL measurements with a Gaussian fitting show blue, green and UV emission bands.
At 298 K, the peak intensity ratio (green (2.4 eV)/ UV
(3.2 eV)) decreased with increasing ZnO shell thickness.
Also, we reveal that the intensity of the green emission
increased with decreasing measurement temperature in
the range of 18.8 K to 300 K. This approach can be applied to prepare and analyze various coaxial nanocables
sheathed by a plasma sputtering process.
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