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Epitaxial growth of MgO nanowires by pulsed laser deposition
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We fabricated single-crystalline MgO nanowires epitaxially grown on MgO single crystal substrate
using the Au catalyst-assisted pulsed laser deposition 共PLD兲. Controlling appropriately the amount
of Au catalyst and the substrate temperature was found to be crucial for the MgO nanowire growth
using the catalyst-assisted PLD. In addition, 共100兲 oriented MgO nanowires were epitaxially grown
on 共100兲, 共110兲, and 共111兲 oriented substrates, allowing the limited growth directions. The possible
growth mechanism of MgO nanowires in PLD is discussed. This feasibility of PLD for fabricating
MgO nanowires would contribute to incorporating the rich functionalities of various transition metal
oxides into nanowires via in situ construction of heterostructures in oxide nanowires. © 2007
American Institute of Physics. 关DOI: 10.1063/1.2748625兴
One-dimensional nanostructures have become attractive
and being actively investigated since they are promising
nanoscale building blocks for exploring nanoscale devices
including electronics,1–3 photonics,4,5 and ultrasensitive biomolecule sensors.6,7 Mainly, conventional semiconductors
including silicon and its compounds have been focused on as
the nanowire materials. Integrating more functionality into
the nanowires by using other functional materials would be
fascinating for advanced nanowire devices in the future. For
instance, transition metal oxides are well known to exhibit
the rich variation of the physical properties, such as superconductivity, ferromagnetism, and ferroelectricity.8–10 Such
rich functionalities of oxide materials might expand the application range of nanowire devices.11–13 As to the synthesis
of oxide materials, pulsed laser deposition 共PLD兲 has been
one of the most powerful techniques to fabricate various
functional oxide thin films,14,15 nonequilibrium oxides,16 and
the heterostructures.17 Since the interface of oxide heterostructures plays a crucial role on the physical properties of
thin films,17,18 in situ fabrication of such oxide heterostructures in nanowires is strongly desired to avoid the degradation of oxide interfaces due to the atmospheric exposure.
Thus the feasibility of PLD technique to fabricate the diverse
oxide nanowires will contribute to the integration of rich
oxide functionalities into nanowires via in situ construction
of oxide heterostructures in nanowires.
Magnesium oxide 共MgO兲 might find potential applications including catalysis, additives in refractory, paint, and
insulating layers in tunnel magnetoresistance junctions,19,20
and herein more importantly as single crystal substrates for
transition metal oxide thin film growth due to the small lattice mismatch with many transition metal oxides including
magnetite,21 other spinel ferrites,22 and perovskite oxides.23
As such the availability of MgO nanowires using PLD will
allow the in situ integration of functional oxide materials into
the nanowires. MgO nanowires, in fact, have been mainly
fabricated by catalysis-assisted chemical-vapor deposition
a兲
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共CVD兲 technique and other techniques in the literature,24–28
although the feasibility of PLD technique for fabricating oxide nanowires including ZnO, which can be grown even in
the absence of a metal catalyst due to the anisotropy of crystal growth, has been demonstrated.29–31 On the contrary there
seem to be no reports concerning with MgO nanowires fabricated by PLD. In addition, the detailed knowledge as to the
controllability of MgO nanowire morphologies, including the
size and the growth direction, is scarce. Herein we report the
fabrication of epitaxially grown MgO nanowires using the
Au catalyst-assisted PLD.
MgO nanowires were grown on MgO 共100兲 single crystal substrate by Au catalyst-assisted PLD. Au catalyst was
patterned on the 5 ⫻ 5 mm2 substrate by sputtering with
metal mask. The thickness of Au catalyst was controlled
from 1 to 10 nm by changing the sputtering time. MgO
single crystal was used as a source of Mg species vapor. ArF
excimer laser 共 = 193 nm兲 was used for the laser ablation.
The laser energy, the repetition rate, and the oxygen pressure
were set to be 40 mJ, 10 Hz, and 1 Pa, respectively. The
substrate temperature for growth was varied from
400 to 800 ° C. The typical background pressure was
10−4 Pa. Prior to the laser ablation, the Au patterned MgO
共100兲 substrate was preheated at the growth temperature for
10 min. The substrate was placed 30 mm away from the target. The laser ablation was performed for 60 min. Subsequently the samples were cooled down to room temperature
in 30 min. The nanowire morphology was characterized by
field emission scanning electron microscopy 共FESEM兲
共JEOL JSM-6330FT兲. High-resolution transmission electron
microscopy 共TEM兲 共JEOL JEM-3000F兲 coupled with energy
dispersive spectroscopy 共EDS兲 was used to evaluate the diameter, the crystallinity, and the composition of the fabricated nanowires. Samples for TEM were prepared by placing
a drop of the sample suspension on a copper microgrid
共JEOL 7801-11613兲. TEM measurements were performed at
the accelerating voltage of 300 kV. The crystal structure of
the as-synthesized products was analyzed by x-ray diffraction 共XRD兲.
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FIG. 1. FESEM images of MgO nanowires on MgO
共100兲 single crystal substrate. In images 共a兲, 共b兲, and
共c兲, the nanowires were grown under 800 ° C substrate
temperature and 1 nm Au film thickness. 共a兲 Patterned
area of Au on MgO 共100兲 single crystal substrate. The
scale bar is 500 m. 共b兲 Morphologies of MgO nanowires in central area “b” in 共a兲. The scale bar is 100 nm.
共c兲 Morphologies of MgO nanowires in boundary area
“c” in 共a兲. The scale bar is 100 nm. 共d兲 Effect of the
amount of Au catalyst on the morphologies of deposited
surface. The Au catalyst thickness was 10 nm and the
substrate temperature was 800 ° C. The scale bar is
1 m. 共e兲 Dependence of the substrate temperature on
the morphologies of deposited surface. The substrate
temperature was 400 ° C and the Au catalyst thickness
was 1 nm. The scale bar is 100 nm.

Figure 1 shows the typical FESEM images of the sample
morphology. The growths were performed under 800 ° C
substrate temperature and 1 nm Au film thickness. The Au
patterned area on the MgO substrate can be seen in Fig. 1共a兲.
The magnified image near the center of the pattered area is
shown in Fig. 1共b兲. Nanowire structures were clearly observed, and the size was found to be relatively homogeneous
in the image. The magnified image near the boundary of the
patterned area is shown in Fig. 1共c兲. It can be seen that the
nanowires were only grown for Au patterned area, indicating
the important role of Au catalyst on the nanowire growth. In
addition, most nanowires were grown perpendicular to the
substrate, inferring the epitaxial growth of nanowires. The
average nanowire length grown for 60 min was 150 nm. It is
noted that the appearance of MgO nanowires is sensitive to
several experimental conditions. For instance, when varying
the thickness of Au catalyst from 1 up to 10 nm, the presence
of nanowires has not been observed at all above 5 nm, as
shown in Fig. 1共d兲, in which Au agglomerates only were
observed. Such critical dependence on the nanowire growth
was also found for the variation of the substrate temperature.
Figure 1共e兲 shows the image when the substrate temperature
was set to be below 450 ° C. Clearly there were no observable nanowires due to such lower substrate temperature.
Thus it is crucial to control appropriately the ambient conditions, including mainly the amount of Au catalyst and the
substrate temperature, for the nanowire growth using PLD.
Figure 2共a兲 shows the 2- scan data of XRD for MgO nanowires grown on MgO 共100兲 single crystal substrate under
800 ° C substrate temperature and 1 nm Au film thickness.

Only one diffraction peak corresponding to the MgO 共200兲
plane was detected, indicating the epitaxy of MgO nanowire
growth on MgO 共100兲 single crystal substrate. Figure 2共b兲
shows the nanowire length versus the growth time for nanowires grown under 800 ° C substrate temperature and 1 nm
Au film thickness. It can be seen that the nanowire length
increases with increasing growth time within the investigated
time scale. Although the average diameter of nanowires was
approximately 15– 20 nm in the FESEM images, the values
are overestimated due to the use of platinum coating that
prevents charging in SEM measurements. high-resolution
TEM 共HRTEM兲-EDS analysis was performed to obtain more
detailed information in the context of the nanowires, such as
the exact size, the crystallinity, and the composition. Figure
3共a兲 shows the HRTEM image of the MgO nanowires. The
presence of the catalyst droplet on the wire tip can be clearly
seen in the image. As to the crystallinity of the nanowires,
the lattice fringes of nanowires were observed in the HRTEM image, as shown in the inset figure. It reveals that the
spacing of 0.21 nm between adjacent lattice planes corresponds to the distance between 共200兲 crystal planes of MgO,
indicating the single crystal nature of the MgO nanowires. In
addition, the selected area electron diffraction 共SAED兲 pattern of the MgO nanowire reveals that the nearest diffraction
spot to the center corresponds to the 共200兲 plane, as shown in
Fig. 3共c兲. To confirm the compositions of both droplets and
wires, EDS analysis was performed at each area, as shown in
Figs. 3共d兲 and 3共e兲. Cu signals in these EDS spectra are
originated from the TEM grids. The droplets are mainly
composed of Au, and the wires are formed by Mg and O with

FIG. 2. XRD data of MgO nanowires
grown on 共100兲 substrate and the
nanowire length vs the growth time.
The nanowires were grown under
800 ° C substrate temperature and
1 nm Au film thickness. 共a兲 XRD data
of MgO nanowires grown on 共100兲
substrate. The inset shows the zoom-in
view of the primary peak at 共200兲
plane. 共b兲 Growth time dependence on
nanowire length.
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FIG. 3. HRTEM images of MgO
nanowires and the EDS data. The
nanowires were grown under 800 ° C
substrate temperature and 1 nm Au
film thickness. 共a兲 HRTEM image of
MgO nanowires. The scale bar is
20 nm. The inset figure shows the lattice fringe image. 共b兲 HRTEM image
of small MgO nanowires. The scale
bar is 5 nm. 共c兲 SAED pattern of MgO
nanowires. 共d兲 EDS data at “c*” position in 共a兲. 共e兲 EDS data at “d*” position in 共a兲.

the ratio of Mg to O approximately equal to 1:1. In addition,
as can be seen in Fig. 3共b兲, the average diameter size could
be controlled down to 3 – 5 nm by manipulating the Au droplet size. The preferential 关100兴 growth observed in MgO
nanowires might be principally extended to control the
growth direction from the substrate. Figure 4 shows the orientation effect of MgO substrate on the growth direction of
MgO nanowires using MgO 共100兲, 共110兲, and 共111兲 oriented
single crystal substrates. Figures 4共a兲 and 4共b兲 show the
tilted FESEM images for 共100兲 and 共110兲 substrates, respectively, and Fig. 4共c兲 shows the top-view image of 共111兲 substrate. The growth direction of fabricated nanowires strongly
depends on the substrate orientation. Clearly, the epitaxial
growth of MgO nanowires along the 关100兴 direction limits
the growth direction of nanowires for each oriented sub-

strate. Note that nanowires more than 90% follow the growth
regime. In addition, such epitaxitial growths of 关100兴 oriented MgO nanowires grown on 共110兲 and 共111兲 substrates
were also confirmed by XRD measurements, as shown in
Figs. 4共d兲 and 4共e兲. Considering the experimental results including the presence of catalyst on the wire tip, the vaporliquid-solid 共VLS兲 mechanism seems to be responsible for
the MgO nanowire growth in PLD.32 Within the framework
of the VLS mechanism,33 a supersaturation is an important
process for the nanowire growth. When varying the amount
of catalyst and the substrate temperature, the degree of supersaturation within the catalyst might be altered. In addition, the diffused adatoms on the substrate surface rather than
impinging species play an important role on the VLS
growth.34 These might explain why the MgO nanowires can

FIG. 4. Orientation effect of MgO
substrate on the growth direction of
MgO nanowires. The nanowires were
grown under 800 ° C substrate temperature and 1 nm Au film thickness.
共a兲 Tilted image of MgO nanowires
grown on 共100兲 substrate. 共b兲 Tilted
image of MgO nanowires grown on
共110兲 substrate. 共c兲 Top-view image of
MgO nanowires grown on 共111兲 substrate. 共d兲 XRD data of MgO nanowires grown on 共110兲 substrate. The
inset shows the zoom-in view of the
primary peak at 共220兲 plane. 共e兲 XRD
data of MgO nanowires grown on
共111兲 substrate. The inset shows the
zoom-in view of the primary peak at
共111兲 plane.
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be grown in catalyst-assisted PLD, and the critical dependencies on the nanowire growth exist when varying the amount
of catalyst and the substrate temperature. For example, increasing catalyst thickness results in increasing catalyst droplet size.35 If the diffusion length of adatoms is solely dependent on the substrate temperature at constant ambient
pressure, the diffusion flux of adatoms into the individual
catalyst droplet is enhanced with decreasing the droplet size
at constant substrate temperature, which varies the degree of
supersaturation within the catalyst droplet. This might explain the crucial dependence of the amount of catalyst on the
MgO nanowire growth in terms of the variation of supersaturation. As to the substrate temperature effects, there are two
possible factors affecting the MgO nanowire growth. One is
related to the phenomenon of melting Au catalyst, since the
melting temperature of Au bulk is 1064 ° C, which is much
higher than the substrate temperature used. Clearly decreasing the substrate temperature prevents the melting of Au
catalyst, which strongly affects the VLS growth via the absence of liquid phase. The other factor might be the diffusion
flux of adatoms. Since increasing the substrate temperature
enhances the surface diffusion of adatoms, the diffusion flux
into the catalyst droplet decreases with decreasing the substrate temperature. This also varies the degree of supersaturation within the droplet. Although the present understanding
of the MgO nanowire growth is not comprehensive, above
qualitative interpretations would contribute to the further understanding of oxide nanowire growth in PLD and also controlling oxide nanowire morphologies.
In conclusion, we have fabricated epitaxially grown
MgO nanowires using Au catalyst-assisted PLD technique.
As to the properties of MgO nanowires, the well-crystallized
structures, the average size down to 5 nm, and the stoichiometry were confirmed by HRTEM-EDS. The preferential
epitaxial growth of 关100兴 direction could be extended to control the growth direction of nanowires by varying the substrate orientation. The feasibility of PLD technique for fabricating MgO nanowires will allow the integration of rich
functionalities of many transition metal oxides into oxide
nanowires via in situ fabrication of oxide heterostructures.
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