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This article reports on the low-temperature inductively coupled plasma-enabled synthesis of
ultralong �up to several millimeters in length� SiO2 nanowires, which were otherwise impossible to
synthesize without the presence of a plasma. Depending on the process conditions, the nanowires
feature straight, helical, or branched morphologies. The nanowires are amorphous, with a
near-stoichiometric elemental composition ��O� / �Si�=2.09� and are very uniform throughout their
length. The role of the ionized gas environment is discussed and the growth mechanism is proposed.
These nanowires are particularly promising for nanophotonic applications where long-distance and
channelled light transmission and polarization control are required. © 2008 American Institute of
Physics. �DOI: 10.1063/1.2963694�

I. INTRODUCTION

Ultralong one-dimensional �1D� nanostructures such as
nanowires �NWs� and nanotubes have recently been the sub-
ject of a significant research interest due to their ability for
effective electron confinement in two dimensions as well as
highly unusual structural, electrical, mechanical, thermoelec-
tric and piezoelectric, optoelectronic, and other
properties.1–10 Such properties are extremely promising for a
large number of advanced technological applications ranging
from structural reinforcements to ultrasensitive gas sensors
and integrated nanoelectronics.2,4,8,9 These 1D objects can
reach macroscopic sizes in one dimension and as such are
particularly appealing for light-guiding and multiplexing
photonic on-chip functionalities and devices.11,12

To enable the above applications, the 1D nanostructures
should meet certain requirements. For example, for nano-
electronic applications, such objects should be conducting
and be able to carry a large current without major Ohmic
losses.13 On the other hand, for photonic applications they
should be optically transparent and introduce negligibly low
optical losses along the way of guided light.11,12 More com-
plex functionalities such as multiplexers and directional cou-
plers require branched ultralong wires. In many cases, the
ultralong wires need to be directed and stretched along a flat
substrate of the chip. Previous reports on relevant 1D nano-
structures include but are not limited to ultralong single
walled carbon nanotubes and various metal oxide and semi-
conducting �e.g., ZnO, silicon-based, etc.� NWs �see Refs.
1–19 and references therein�.

Despite a very large number of relevant reports, con-
trolled and predictable synthesis of 1D objects capable of
meeting the above requirements still remains one of the ma-
jor challenges for nanoscale design and fabrication. This is
particularly challenging for highly promising and cost-

effective approaches based on bottom-up NW
assembly.2,3,18,19 One of the greatest difficulties in this regard
is to be able to align the wires along the substrate and pro-
vide appropriate conditions for their uninterrupted growth.
These conditions can be met using “bottom-up” catalyzed
synthesis of NWs, provided that metal catalyst nanoparticles
�NPs� can be shed and lifted off the substrate surface and
remain at the NW tip. In this case, source materials precipi-
tate through the catalyst NPs to form a 1D structure under-
neath; if this growth is not interrupted, it becomes possible to
grow very long 1D wires.

However, the NW growth appears to be extremely vul-
nerable to poisoning and/or blockage of the catalyst NP by
the precipitating material �see review article2 and references
therein�. Therefore, to prevent the undesirable growth inter-
ruption, the catalyst NPs should ideally be treated in a “self-
cleaning” environment. The ideal environment should not be
very reactive �to avoid significant chemical modification of
the catalyst and the NWs� yet be able to provide continuous
conditioning of the NP at NW surfaces.

As suggested by the results of this work, thermally non-
equilibrium low-temperature plasmas are good candidates
for this purpose. More specifically, it will be shown that
plasma conditions of low-temperature plasma discharges sus-
tained with reasonably low rf power in a mixture of silane,
oxygen, and argon gases are very favorable to synthesize not
only ultralong high-quality amorphous silica NWs, but also
create branched and helical wires. More importantly, it was
not possible to grow these structures under the same process
conditions without the aid of the inductively coupled rf
plasma.

In this article, we propose mechanisms that explain how
an ionized gas environment enables the growth of ultralong
NWs and, in particular, during the metal catalyst lift-off
phase and in the process of continuous clean up of the NW
tip during the subsequent growth process. We also address
the issue why some of the wires tend to form branched struc-a�Electronic mail: k.ostrikov@physics.usyd.edu.au.
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tures. Examples of more sophisticated helical silica nano-
coils and twisted wires are given as well. These 1D nano-
structures can in principle be used to control light
polarization as it propagates along the wires. This article is
structured as follows. In Sec. II, most important experimental
details are provided. The experimental results on the growth
of SiO2 NWs under different process conditions are pre-
sented and summarized in Sec. III. In Sec. IV, the results
obtained are discussed and the growth models of the NWs of
various morphologies are proposed. Specific attention is paid
to the explanation of how the plasma environment enabled
the growth of very long silica NWs, which were impossible
to synthesize under similar process conditions using neutral
gas-based chemical vapor deposition �CVD�. Section V sum-
marizes the main findings of this work and gives an outlook
for future work in this direction.

II. EXPERIMENTAL DETAILS

The experiments were conducted in the Integrated
Plasma-Aided Nanofabrication Facility �IPANF� and are de-
scribed in detail elsewhere.20–22 Figure 1 shows a schematic
diagram of the experimental setup for the growth of 1D
nanostructures. The base pressure in the reactor chamber was
maintained in the 10−5 Pa range. Silane �SiH4� and oxygen
were used as source gases to synthesize the SiO2 NWs. Both
reactive gases were moderately diluted in inert argon gas.
The pressure of the gas mixture varied from 20 to 50 mTorr.
Polished Si�100� wafers were used as the growth substrates.
The substrates were preheated to the fixed temperature �Ts

=650 °C, where Ts is the surface temperature� before the gas
mixture was let in the chamber. Prior to the NW growth, a
10-nm-thick nickel catalyst film was deposited onto the
growth surface using inductively coupled plasma �ICP�-
assisted rf magnetron sputtering of a high-purity Ni target.
The frequency of the rf generator connected to the
magnetron-target assembly was 13.56 MHz. In the catalyst
preparation processes, the rf power �typically 100–150 W�
was applied to the sputtering target shortly before the gas
inlet. The growth process of SiO2 NWs, in both neutral gas-
based and plasma-assisted cases, typically lasted from 5 to
30 min. The SiH4+O2+Ar gas mixture was delivered
through a nozzle which created a gas flow parallel to the
substrates as shown in Fig. 1.

A specific arrangement was made to investigate the ef-
fect of the plasma environment on the growth process of the
SiO2 1D nanostructures. After the gas mixture was let into
the chamber, a low-frequency ICP discharge was ignited by
applying approximately 600–800 W of rf power generated
by a 460 kHz rf generator. The rf power is delivered to the
reactor chamber from a flat spiral inductive antenna located
slightly above a vacuum-tight fused silica window on top of
the chamber. Previous reports suggest that this experimental
arrangement is particularly useful to enhance the growth and
improve the properties of various nanostructures of different
dimensionality and nanostructured films.19,23–28 During the
plasma-assisted deposition process, the substrate holder was
electrically insulated from the main chamber; no external
bias was used in this series of experiments. However, there
exists a small floating potential between the plasma bulk and
the surface due to the plasma sheath effect. High-resolution
scanning electron microscopy �SEM� imaging was con-
ducted with the aid of a JEOL JSM 6500F field-emission
scanning electron microscope. Transmission electron micros-
copy �TEM�, including high-resolution TEM �HRTEM�, has
been performed using a Philips FEG CM300 electron micro-
scope equipped with a 200 kV field emission gun. The el-
emental composition of the NWs was examined using an
energy dispersive x-ray �EDX� spectrometer �OXFORD
INCA x-sight 7421� attached to the TEM.

III. EXPERIMENTAL RESULTS

The main experimental observations of this work can be
summarized as follows.

�i� Without the plasma �only the SiH4+O2+Ar neutral
gas mixture introduced�, no distinctive features were
observed on the substrate surface, which was covered
with shapeless bulk deposits.

�ii� Introduction of the Ni catalyst led to the growth of
nanorodlike structures; however, the length of such
nanostructures never exceeded a few hundred nanom-
eters. It was also observed that these nanorods were
usually coated by bulk material and no catalyst par-
ticles were seen

�iii� The ignition of the plasma discharge changed the situ-
ation dramatically: it became possible to synthesize
ultralong straight and twisted NWs with some ex-
amples shown in Fig. 2.

Moreover, under the plasma-on conditions, the typical
sizes of the SiO2 NWs ranged from a few microns to a
couple of millimeters, with some of the wires stretching
across the samples. Some of the wires were able to grow
perpendicularly and above �“pass over”� the intentional
scratches on the substrate. Whenever it was possible to ob-
serve the NW tips �since most of the wires spanned well
outside the SEM scanned area�, darker and more contrasted
areas near the tips indicated the presence of the Ni catalyst
NPs in those areas. Most of the wires grew parallel or almost
parallel to the substrate surface without actually touching it.
The growth direction of the straight wires was almost the

FIG. 1. �Color online� Schematics of the experimental facility used for SiO2

NW synthesis.
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same as the direction of the gas flow from the inlet nozzle.
This tendency was even more pronounced as the nozzle was
moved closer to the substrates.

The nozzle position also played a significant role in de-
termining the morphology of the 1D nanostructures. When
the distance between the nozzle opening and the substrate
edge was 10 cm, the NWs showed the tendency to align
along the flow direction more clearly. However, when the
nozzle was moved a further 5 cm away from the substrates,
the growth directions became more random. Moreover, this
change in the experimental conditions resulted in the appear-
ance of new helical and twisted morphologies with the rep-
resentative examples shown in Fig. 3. Figure 3�a� shows a
compactly twisted silica nanocoil with the wire thickness of
approximately 30 nm and the coil pitch not exceeding 100
nm. Another example of a regular morphology is displayed

in Fig. 3�b� where one can see another nanocoil with edged
turns, which are twisted and pointed like in a drill. In this
case, the cross section of the coil turns is rectangular with a
thickness near the edges of approximately 10 nm. The num-
ber of “threads” in the nanocoil, shown in Fig. 3�b�, is ap-
proximately 9–11 per 1 �m. In some cases, the threadlike
1D nanostructures featured larger pitches and even thinner
“blades,” as shown in Fig. 3�c�. More importantly, the struc-
tures displayed in Fig. 3�c� look as if they were made of two
interwoven left- and right-hand twisted threads. This appears
to be in a stark contrast with the nanocoils shown in Figs.
3�a� and 3�b�, which represent a single wire twisted in one
direction.

Figure 3�d� shows an example of a Y-junction NW with
a straight trunk and two branches twisted in the opposite
directions. The wire thickness typically ranged from 20 nm
�this case is shown in Fig. 3�d�� to 120 nm �Fig. 4�a��. An
interesting feature of the Y-junction wire in Fig. 3�d� is the
double spiral-like unwinding helix with an increasing pitch.
As one can see from Fig. 3�d�, the two branches are twisted
in the opposite directions.

The Y-junction branched NWs were subject to further
morphological, structural, and compositional analysis. The
results of this analysis are shown in Figs. 4 and 5. Figures
4�a� and 4�b� show the low- and high-resolution TEM micro-
graphs of one of the thickest Y-junction NWs. The most
striking observation in Fig. 4�a� is that the thickness of the

FIG. 2. SEM imaging of long silica NWs grown on a silicon substrate in the
ICP-assisted catalyzed CVD in the SiH4+O2+Ar gas mixture.

FIG. 3. Representative SEM micrographs of helical ��a�–�c�� and branched
�d� silica NWs.

FIG. 4. TEM �a� and HRTEM �b� images of a branched Y-junction SiO2

NW.
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NW trunk is almost the same as the thickness of the
branches, with the actual difference not exceeding 5%–10%
in most cases. A darker area in Fig. 4�a� is most likely due to
the overlap of the two branches as they evolve from the same
NW trunk. This is an indication that the NW branching in
this case is a relatively smooth process, in contrast to the
case of Y-junction nanotubes where the splitting of one tub-
ing into two “sleeves” may happen fairly abruptly, especially
under the action of external radiation.29–31 A HRTEM image
in Fig. 4�b� shows that the NWs have a very clear and uni-
form amorphous structure. This image was taken from the
selected area on one of the branches marked by a white
square in Fig. 4�a�.

Another important experimental result is that the SiO2

NWs appear to be perfectly stoichiometric. The atomic oxy-
gen to silicon ratio ��O�/�Si�� is 55.2% /26.4%=2.09, which
is very close to the stoichiometric value of SiO2 of
�O� / �Si�=2:1. Moreover, the elemental composition re-
mains stoichiometric throughout the entire length of the wire,
both in the trunk and the branches. The results of chemical
mapping suggest that silicon �Fig. 5�a�� and oxygen �Fig.
5�b�� are homogeneously distributed throughout the entire
structure of the NW. The EDX analysis also confirms the
good chemical purity of the NWs. Indeed, from Fig. 5�c� one
can see that the nanostructures are composed of silicon and
oxygen only. Minor traces of copper and carbon originate
from the TEM grid used in the analysis.

IV. DISCUSSION

Let us now discuss the experimental observations and in
particular, the role of the plasma environment and gas flow in
the growth of ultralong silica NWs of different morpholo-
gies. The fact that no nanostructures were grown without the
addition of a catalyst clearly suggests that NW growth is an
essentially a catalyzed process. Indeed, catalyst NPs are re-
quired to give the appropriate shape to the emerging nano-
structures and guide their 1D growth in a specified
direction.2,32 Catalyst particles also reduce energy barriers
for the incorporation of building units, which can pass either
through the bulk or the surface of the NP before incorporat-
ing into the NW structure. The location of the catalyst par-
ticle plays an important role in the growth process.33 If the
metal catalyst NP is anchored to the substrate, the new build-
ing units �Si and oxygen atoms in the case considered� have

to reach the NW base no matter how long it is.6 On the other
hand, if a metal NP is located at the NW tip, any suitable
building units need to reach the NW tip to be able to be
extruded through the NP and nucleate underneath effectively,
thus moving the catalyst further away from the base and
eventually elongating the NW.

In our experiments, addition of the nickel catalyst ef-
fected a significant change at the early growth stage giving
rise to nanorodlike structures. However, these nanorods were
covered by and in some cases even buried in presumably
amorphous material. The observation that no catalyst par-
ticles were seen at the NW tips suggests that it is very likely
that the nickel NPs remained attached to the substrate. This
also indicates that the growth process may have terminated
when the catalyst particles were completely covered by the
deposited material. In this case, the incoming Si and O build-
ing units were apparently unable to incorporate into the de-
veloping structure, which immediately resulted in termina-
tion of the NW growth. Numerous amorphous deposits
between the wires and on their lateral surfaces suggest the
possibility of random attachment of the deposited material
without the formation of any regular layers at the outer sur-
faces of the NWs. Nevertheless, these results suggest that it
is indeed possible to synthesize silica nanorods in a catalyzed
CVD process. However, our earlier experiments suggest that
the surface temperature should be reasonably high to initiate
the growth process.20,25 Such high temperatures are required
for dissociation of the silane carrier gas on a hot solid surface
and also to increase the mobility of adatoms to enable them
to overcome the incorporation barriers and contribute to the
NW growth. This fact dictated our choice of the surface tem-
perature in this series of experiments.

As can be seen from Figs. 2–5, after the external ICP
discharge was ignited, the NW growth process changed dra-
matically. The most important effect of the plasma environ-
ment was the possibility to grow ultralong silica NWs. The
most likely common causes for this dramatic change in the
NW growth behavior are related to the combination of the
following factors:

�i� repositioning of the catalyst particles to the tip sec-
tions of the NWs,

�ii� increased rates of building unit creation and delivery
to the nucleation and growth sites underneath the

FIG. 5. Chemical mapping of silicon �a� and oxygen �b�
in a branched Y-junction NW and a representative EDX
spectrum collected from the NW structures placed on a
copper grid for TEM analysis.
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catalyst NPs, which eventually results in the higher
growth rates, and

�iii� reduced contamination and poisoning of the catalyst,
which leads to an improved ability of the NPs to ac-
cept and transport the silicon and oxygen building
units on their surfaces and within their bulk.

Let us now examine how the ignition of the plasma dis-
charge may have created favorable conditions to meet the
above causes �i�–�iii�. First of all, the observation of nickel
NPs on the NW tips evidences the possibility of the NP
lift-off from the surface during the NW nucleation stage. A
quite similar effect has been frequently reported in the
plasma-assisted catalyzed synthesis of carbon nanofibers and
multiwalled nanotubes, which in most cases proceeds via the
tip growth scenario.34,35 The electric charge accumulated on
both the catalyst particles and the substrate plays a prominent
role in the NP lift-off process. Indeed, at the beginning of the
growth process, the catalyst NP is affected by a strong push
of the extruded and nucleated species of the building mate-
rial, which tend to attach to the substrate underneath the NP.
This creates a significant pressure, which leads to the NP
elongation. Extrusion of the building material through the
substrate-facing surfaces of the NP leads to the initial nucle-
ation of the NW trunk between the catalyst and the substrate.
This leads to the reshaping of the NPs, which often become
pearlike shaped with the narrower part still attached to the
substrate.

In a low-temperature plasma, both the NP and the sub-
strate acquire a negative electric charge.6 This effect is par-
ticularly clear in the case considered when the substrate sur-
face was maintained at the floating potential. As the NP
elongates and reshapes, additional electrostatic repulsion be-
tween the substrate and the NP may lead to detachment of
the catalyst particles from the surface; in this case, the NWs
grow in the tip-growth mode. Therefore, it is indeed possible
that after the plasma discharge was started, conditions be-
came favorable for the catalyst NPs to be located at the NW
tips �condition �i�� rather than at their bases, which was the
case in the neutral CVD.

Regarding condition �ii�, a plasma discharge signifi-
cantly increases the rates of dissociation of silane and oxy-
gen molecules in the gas phase as compared to thermal dis-
sociation on hot solid surfaces, which appears to be the only
option in most thermal CVD processes.36,37 In the case con-
sidered �surface temperature of 650 °C�, the fraction of sili-
con atoms with no or a small number of hydrogen atoms
�which are most suitable for the synthesis of SiO2� is ex-
pected to be quite low. On the other hand, silyl �SiH3� and
siluene �SiH2� radicals �which are more plentiful under ther-
mal CVD conditions� have a strong tendency to polymerize
and form bulk films or nano-/microparticles.38 When the
plasma discharge is turned on, the rates of dissociation of
silane and oxygen molecules increase. A most dramatic in-
crease �by several orders of magnitude� happens in the gas
phase, mostly due to the electron impact dissociation and
dissociative collisions of radicals, which is only possible in
an ionized medium.

Another effect exerted by the plasma is additional sur-

face heating, which leads to even higher rates of production
of silicon and oxygen on the hot surface. Under conditions of
heavy ion bombardment, the additional plasma-related in-
crease of the surface temperature can be as high as
100–150 °C.6,34,39 In the case considered, however, this ef-
fect is unlikely to be very strong since the surface was main-
tained under the floating potential, which usually does not
exceed �10 V. Furthermore, high-rate recombination of re-
active radicals �e.g., recombination of two oxygen atoms to
form O2 molecule� on the solid surface may lead to addi-
tional substantial increases of the surface temperature as
compared to the neutral CVD case.40 It is important to stress,
however, that the rf input power Pin that was used to sustain
the discharge was relatively low �600–800 W� as compared
to the synthesis of polycrystalline silicon films for solar cell
applications under very similar gas pressures using the same
feedstock gases. Thus, it is quite possible that gas-phase si-
lane polymerization was not effective in the case considered.
A common consequence of this polymerization is the forma-
tion of silane nanopowder particles,41,42 which clearly was
not the case in our experiments �almost all NWs were clear
of NP contamination�.

Another indication of the importance of the plasma-
induced gas-phase dissociation is that the catalyst NPs are
attached to the growth ends of the NWs which are apparently
lifted off the surface and float in the gas flow which bends
the NWs toward the substrate surface. Therefore, as the NWs
grow longer, it becomes more difficult for the building units
created on the hot solid surface to travel all the way to the
catalyst particle along the entire NW length to participate in
the growth process. Therefore, the species which either de-
posit directly onto the NW tip from the gas phase or arrive
from not-so-remote areas on the lateral surface are expected
to make the major contribution to the growth process. The
probability of this focused deposition near the tips of 1D
nanostructures significantly increases in the plasma
environment.43,44

Moreover, the electric field lines converge near the NW
sharp tips and draw ion fluxes onto the catalyst NPs located
exactly in those areas. This ion bombardment, nonexistent in
the neutral CVD case, leads to two additional effects that
further facilitate the growth of ultralong NWs. First, this
leads to continuous conditioning of the catalyst surface and
removal of any unwanted deposits, which may block the
open surface of the catalyst NPs and eventually completely
disrupt the growth process. This certainly improves the
chances of the incoming building units to access the catalyst
NPs and eventually the nucleation sites underneath. Another
real possibility is that focused ion fluxes substantially in-
crease the rates of dissociation of silane and oxygen mol-
ecules on the catalyst surface. A similar possibility has been
reported previously for the case of plasma-assisted synthesis
of carbon nanofibers in the tip growth mode.35,45 What is
even more important is that additional ion bombardment may
substantially increase the temperature of the catalyst NP. Due
to a very small size of the nickel NP, chances of it to have
reasonably high temperatures are higher as compared with
the bulk substrate. This higher temperature leads to better
solubility of silicon and oxygen in nickel as well as higher
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rates of diffusion of building units through the catalyst. A
combination of these two factors eventually leads to higher
rates of nucleation of silicon and oxygen species at the inner
surfaces of the catalyst particle facing the NW. This basically
justifies the realization of condition �iii� in the plasma envi-
ronment.

In the above, we have mentioned that the surface was
maintained under the �small� floating potential. This potential
and the associated electric field in the plasma sheath were
clearly insufficient to enable vertical alignment of the NWs.
In fact, a balance of the forces exerted on the NWs by the gas
flow �predominantly in the horizontal direction� and by the
electric field �predominantly in the vertical direction� forced
the NWs to align almost parallel to the surface yet without
touching the surface by their tips. Indeed, the repulsive elec-
tric force acts as support of the long NWs bent by the gas
flow. It is very likely that without the presence of the plasma,
the very long NWs would eventually have to touch the sur-
face by their tips. This would almost certainly mean the end
of their growth cycle. This plasma- and electric-field-assisted
mechanism is quite similar to the “kite mechanism” success-
fully used to explain the growth of ultralong carbon nano-
tubes in the “fast-heating” CVD process16 wherein convec-
tion fluxes were used to support the NWs floating slightly
above the substrate surface. Without this fast heating process
and the associated convection flows, CVD-grown NWs often
bend toward the surface under the action of van der Waals
forces. The growth process stops as soon as the NW tip gets
in contact with the surface. In our case, the substrate heating
was continuous, which does not create suitable conditions for
the existence of any significant uprising convection flows
that can support the NWs as they elongate.

To end Sec. IV, we state that a detailed explanation of
the growth kinetics of helical and branched NWs shown in
Fig. 3 was not the purpose of this article. Here we only stress
that any specific morphology shown in Figs. 3�a�–3�d� can
be regarded as the result of action of two main factors: the
direction and magnitude of the resultant force at every par-
ticular point along the NW and a specific rearrangement
�e.g., splitting or reshaping� of the catalyst NP. Indeed, a
combination of the gas drag, convection, electric, and van
der Waals forces may determine the distribution of internal
stresses, which in turn may affect the most energetically fa-
vorable arrangement �e.g., reshaping� of the catalyst NP. For
example, if the NP is cubic and the rates of diffusion of the
building material through one of the three facets are much
higher than through the other two facets, one could expect
the growth of straight wires shown in Fig. 2. If the NP is
elongated along one direction and is very thin along the other
one, one could expect the growth of drill-like wires with
relatively thin thread blades shown in Fig. 3�b�. A quite simi-
lar mechanism was invoked to explain different morpholo-
gies of carbon microcoils.46

The mechanism of formation of branched helical NWs
still remains unclear at this stage. It is very likely that the
branching happens because of splitting of the catalyst NP
into two; each of the two fragments controls the growth of
each branch. In some cases, one of the branches was ob-
served significantly shorter than the other. This observation

indicates either uneven splitting of the catalyst particle �so
that catalytic activity of a Ni NP in one of the branches was
much weaker� or cluttering/poisoning of the catalyst particle
in the shorter branch. Both experimental and simulation
work is underway to clarify this issue.

V. CONCLUSION

The results of this work suggest that the low-temperature
thermally nonequilibrium plasma environment has enabled
the growth of ultralong silica NWs, which was clearly im-
possible in the uncatalyzed and neutral gas-based catalyzed
process. This became possible because of a combination of
various plasma-related effects, such as enhanced production
of suitable building units, creating appropriate conditions for
high-rate incorporation of these building units through the
catalyst NPs into the growing NWs, continuous conditioning
of the open catalyst surface while the NWs grow, lifting off
the catalyst NP from the substrate surface due to electrostatic
interactions, balancing of the “supporting” electrostatic force
and the force of the gas drag, focusing of ion beams toward
the tips of the growing NWs, increased temperature and
hence reactivity of the catalyst, and some others. This even-
tually made it possible to grow ultralong silica NWs of dif-
ferent sizes and morphologies. The elemental composition of
the NWs is very close to the stoichiometry; moreover, silicon
and oxygen elements are distributed very homogeneously
throughout the wires. The SiO2 NWs are amorphous and
have diameters typically ranging from 20 to 120 nm. Differ-
ent morphologies, such as nanocoil-like, single and double-
helical, drill-like, and helical branched NWs have been ob-
served as well. These NWs can be used in a range of
advanced applications and are particularly promising for ap-
plications as light-guiding and multiplexing structures. Fu-
ture work will be focused on the development of growth
models and supporting numerical simulations to explain the
link between the plasma-related process parameters and the
observed complex morphologies.
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