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Oxide nanowire growth using a pulsed laser deposition 共PLD兲 is a promising process since this
essentially allows incorporating a rich functionality of various transition metal oxides into
nanowires via the heterostructures. Here we investigate the effect of ablated particle flux on
magnesium oxide nanowire growth by PLD. When varying the distance between the ablated
material and the substrate, the small variation in ablated particle flux generated by a different plume
expansion time influences mainly the growth rate while keeping the growth regime. However,
varying the laser energy changes not only the growth rate but also the growth regime. Below a
critical value of the laser energy the surface morphology tends to show an island growth rather than
a nanowire growth. We attribute the existence of such a threshold to the desorption process from the
catalyst droplet. © 2007 American Institute of Physics. 关DOI: 10.1063/1.2751077兴
One-dimensional nanostructures including nanowires
have become the subject of extensive research due to their
great potential for fundamental studies and applications in
nanoscale science and engineering.1–7 Since oxides are well
known to exhibit a rich variety of physical properties including ferromagnetism, ferroelectric, and superconducting,8–10
the availability of various oxide nanowires and the heterostructures might add further functionalities to nanowirebased devices. Magnesium oxide 共MgO兲 has been used as a
versatile single crystal substrate for oxide thin film growth
due to the small lattice mismatch with various functional
transition metal oxides.9,10 Therefore, the feasibility of MgO
nanowires allows us to incorporate desired transition metal
oxides into the oxide nanowires via the heterostructures.11–13
Since the interface of oxide heterostructures plays an important role on the properties,14 the in situ construction of oxide
heterostructures in oxide nanowires is strongly desired to
prevent interface degradations due to atmospheric exposure.
As to the synthesis of oxide materials, pulsed laser deposition 共PLD兲 has been one of the most powerful techniques to
fabricate various oxide thin films,15,16 nonequilibrium
oxides,17 and the heterostructures.18 Thus, the feasibility of
PLD technique to fabricate MgO nanowires would enable us
to integrate rich functionalities of oxides into nanowires via
in situ construction of oxide heterostructures. In PLD the
ablated particle flux is well known to play an important role
on the synthesis of well-defined oxides including the crystallinity, the stoichiometry, and so on.19–21 However, the knowledge regarding the effect of ablated particle flux on oxide
nanowire growth by PLD is still scarce.22 Here we investia兲
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gate the effect of ablated particle flux on MgO nanowire
growth using PLD.
MgO nanowires were grown on MgO 共100兲 single crystal substrate by Au catalyst-assisted PLD technique. Prior to
the nanowire growth, Au catalysts were sputtered on the
5 mm⫻ 5 mm MgO single crystal substrate. The background pressure of the PLD chamber was set to be 10−4 Pa.
An ArF excimer laser 共Lamda-Physik COMPex 102, 
= 193 nm兲 was used for the laser ablation by varying the
pulse repetition rate f from 3 to 10 Hz and the laser energy
Pl from 10 to 80 mJ. MgO single crystals were used as
source of ablation plume during the nanowire growth. The
distance between the substrate and the target Dst was varied
from 25 to 50 mm. Oxygen gas was introduced into the
chamber at the constant ambient pressure of 10 Pa. Prior to
the laser ablation, the Au-coated MgO 共100兲 substrate was
preheated at 820 ° C and kept for 10 min. After the deposition, the samples were cooled down to room temperature
within 30 min. The nanowire morphology was characterized
by field emission scanning electron microscopy 共FESEM兲
共JEOL JSM-6330FT兲 at an accelerating voltage of 30 kV.
The length of MgO nanowires was analyzed by calculating
the average for 500 samples in FESEM images for statistical
reliability. High-resolution transmission electron microscopy
共HRTEM兲 共JEOL JEM-3000F兲 coupled with energy dispersive spectroscopy 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 cupper microgrid 共JEOL 7801–
11613兲. TEM measurements were performed at the accelerating voltage of 300 kV.
Figure 1共a兲 shows the FESEM image of fabricated MgO
nanowires. The nanowires were grown at Dst = 35 mm, Pl
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FIG. 1. 共a兲 FESEM images of MgO nanowires grown on MgO 共100兲 single
crystal substrate. 共b兲 HRTEM image of MgO nanowires. 共c兲 SAED pattern
in HRTEM image. MgO nanowires were grown at Dst = 35 mm, Pl
= 40 mJ, and f = 10 Hz for 60 min.

= 40 mJ, and f = 10 Hz for 60 min. It can be seen that nanowires are epitaxially grown on MgO 共100兲 single crystal. The
single crystal nature can be also seen in the HRTEM image
关Fig. 1共b兲兴 and the selected area electron diffraction 共SAED兲
pattern 关Fig. 1共c兲兴. When varying Dst from 25 to 50 mm the
major change was found to be the nanowire length. The diameter maintained almost constant during growth within the
investigated time scale, 60 min. Figure 2 shows the variation
of nanowire length h when varying Dst. The nanowires were
grown at Pl = 40 mJ and f = 10 Hz for 60 min. Increasing Dst
resulted in decreasing the nanowire length. This trend can be
interpreted in terms of the variation of ablated particle flux
via the different plume expansion time. The number of ablated atoms inside the plume should roughly be the same
while the plume expands at different distances although their
speeds and respectively average kinetic energies would
slightly change. Here we assume a standard radius exponential variation model for the plume radial expansion.23 Considering that the substrate surface is visible under a different
solid angle from the laser irradiated area, the relationship
between the substrate substended area 共Ss兲 and the total
plume front area 共Stot兲 can be estimated by the formula-Ss
= Stot兵1 − cos关arctan共L / 2Dst兲兴其, where L is the width of the

FIG. 2. Relationship between the nanowire growth rate ⌬h / ⌬t and the
target-substrate distance Dst. The calculated model curve is shown in the
figure for comparison. The nanowires were grown for 60 min. The inset
shows the schematic illustration of the model and the notation.

FIG. 3. Effect of laser energy Pl on the nanowire growth rate ⌬h / ⌬t. The
insets show FESEM images of nanowires grown at 20 and 40 mJ of Pl.

substrate. By assuming the ablated particles with a quasiuniform radial distribution, the number of ablated particles arriving on the substrate surface should change in proportion to
the
plume
front
surface
variation:
Ns = Ntot兵1
− cos关arctan共L / 2Dst兲兴其, where Ns and Ntot are the number of
ablated particles arriving on the substrate surface and the
total number of ablated particles, respectively. Furthermore,
we approximate that the ablated particles that arrived on the
surface mostly contribute to the nanowire formation. Using
these approximations, the relationship between the nanowire
growth rate ⌬h / ⌬t and Dst can be approximated to ⌬h / ⌬t
= 共⌬h / ⌬t兲0兵1 − cos关arctan共L / 2Dst兲兴其, where 共⌬h / ⌬t兲0 is the
nanowire growth rate when all the ablated particles are deposited on the substrate. The fitting curve using this formula
is shown in Fig. 2. The excellent agreement between the
model and the experimental data can be seen. This clearly
indicates that the plume expansion phenomenon when increasing Dst governs the variation in the nanowire length via
the decreased number of ablated particle flux. In other words,
the variation in Dst does not affect the growth regime of
nanowires within the investigated range.
Figure 3 shows the effect of laser energy Pl on the nanowire growth rate ⌬h / ⌬t. The nanowires were deposited at
Dst = 35 mm and f = 10 Hz for 60 min. Below 20 mJ there
was no ablation phenomenon in our experiments, which is
indeed in good agreement with the trend of previous investigation in the context with MgO thin film formation.24 A
proportional relationship between ⌬h / ⌬t and Pl was found
above 40 mJ. This is solely due to the variation in the ablated
particle flux. However, below 40 mJ the surface morphology
tends to show an island growth rather than a nanowire
growth, as shown in the inset FESEM images. It is noted that
the absence of nanowire growth for low Pl range was found
even for a three times longer deposition time—180 min. This
indicates that the number of ablated particles per unit time
rather than the total number of ablated particles is critical for
the nanowire growth. When decreasing the repetition rate
from 10 to 3 Hz, it was found that there was no significant
influence on the nanowire morphology as long as Pl was set
to be above 40 mJ. These experimental results highlight the
existence of a threshold of Pl for the MgO nanowire growth.
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Within the framework of vapor-liquid-solid 共VLS兲 mechanism, a supersaturation within catalyst droplets is an important process.25–27 In other words, the Mg concentration inside
the Au catalyst droplet has to reach the critical concentration
by incorporating the diffused adatoms. Note that the adatoms
diffused from surroundings into the catalyst rather than the
direct impinging flux dominates the VLS nanowire growth.27
In fact, the variation of Pl changes mainly the number of
adatoms on the substrate surface, which contribute to such
Mg incorporation into the catalyst droplet. Since the ambient
temperature and the oxygen pressure were set to be constant
in this series of experiments, the critical concentration and
the diffusion length of adatoms are assumed to be constant.
In general, the desorption of Mg species from the Au catalyst
droplet exists.27 In the presence of such desorption, the accumulated Mg species within the catalyst, which are supplied
from outside, must compensate the amount of Mg concentration consumed by the desorption. When the ablated particle
flux is not enough to compensate such decreasing of Mg
concentration due to the desorption, VLS nanowire growth
might be no longer possible. This simple scenario seems to
be able to explain the experimental trend when varying Pl.
The ablated particle flux decreases with decreasing Pl, as
also demonstrated by MgO thin film formation study.25 However, as mentioned earlier, in the lower Pl range between 20
and 40 mJ, in which the ablated particle flux still exists, the
surface morphology tends to show an island growth rather
than a nanowire growth. Thus, the presence of the desorption
process must be considered in order to explain the threshold
of Pl in terms of the competition between the desorption
process and the number of incoming adatoms into the catalyst droplet. Although this scenario must be applicable to the
plume expansion phenomenon when varying Dst, the effect
of Pl on the ablated particle flux seems to be much stronger
than the variation of Dst in terms of the ablated particle flux
within the investigated range. These experimental results
highlight the crucial role of the ablated particle flux and the
competition with the desorption process on MgO nanowire
growth using catalyst-assisted PLD.
In summary, we have shown the effect of ablated particle
flux on MgO nanowire growth by PLD. The variation in
ablated particle flux generated by a different plume expansion time, when varying the distance between the target and
the substrate, influences mainly the growth rate while keeping the growth regime. However, the variation of the laser
energy influences not only the growth rate but also the
growth regime. Below a critical value of the laser energy the
surface morphology tends to show an island growth rather
than a nanowire growth. We attribute the existence of such a
threshold to the desorption process from the catalyst droplet.
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