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Abstract. In this paper we review our results on self-catalytic growth of InN
nanowires, grown from In metal rich conditions by the Migration Enhanced Af-
terglow (MEAglow) technique. We present a short overview of the different
growth methods that have been applied to produce InN nanowires and we dis-
cuss the self-catalytic growth mechanism for InN nanowires. We then present
our experimental results on the self-catalytic and selective area growth of InN
nanowires that show evidence for the nucleation and the growth mechanism of
the InN nanowires under In metal rich conditions. Selective area growth on
sapphire substrates is also discussed.

PACS codes: 81.07.Gf, 81.16.Hc

1 Introduction

InN is currently receiving much attention from a technological and fundamental
point of view. Due to its direct band gap, superior transport properties (low
electron effective mass, high saturation and drift velocity) and its ability to form
ternary and quaternary alloys, InN has considerable potential for application in
optoelectronic devices in a broad spectrum ranging from the near IR to the UV.
The formation of a surface accumulation layer on some orientations of InN eases
the fabrication of low resistivity ohmic contacts. The high electron mobility of
the InN makes the conductivity of nanowires particularly sensitive to surface
charge modulation which can be very useful for applications in chemical and
bio-sensors.

A number of different growth methods have been applied to produce InN
nanowires and nanorods, namely solid-liquid-solid [1], chemical vapour
deposition[2-11], vapour phase epitaxy [12-15] and molecular beam epitaxy
[16,17]. The substrates most commonly used for InN nanowire growth are Si and
sapphire [14]. Self-catalytic [2,10,11,18] as well as Au metal catalyst [1,3,4,19]
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growth of InN nanowires has also been reported. To minimise impurity contam-
ination it is desirable to produce catalyst free (or self-catalytic) nanostructures.
In this work we will first briefly describe the self-catalytic 1D growth of InN
nanowires by the MEAglow technique which is a type of plasma assisted chemi-
cal vapour deposition technique, then we will present our experimental results of
InN nanowires grown by the MEAglow technique using indium rich conditions
[20,21].

2 Self-Catalytic Growth of InN Nanowires by the MEAglow
Technique

2.1 Overview of the MEAglow technique

Growth of epitaxial layers. MEAglow is a low temperature migration enhanced
chemical vapour deposition (CVD) technique for the growth of group III-nitrides
and other compound semiconductors. For this film growth technique pulsed de-
position is used to improve the crystal quality of materials grown at relatively
low temperatures. During growth metalorganic pulses form one or more metal
adatom layers on the substrate surface. The limitation of low adatom mobility
at lower temperatures is therefore overcome by dosing the whole crystal surface
with metal. The metal layer is then subsequently nitrided with active nitrogen
species from a plasma source [22-24]. The metal deposition and subsequent
nitridation can be done in multiple cycles to achieve thick nitride layers. The
active nitrogen species are supplied from a nitrogen gas plasma, created in a
hollow cathode. This plasma source has the advantage of having a high electron
density (similar to inductively coupled plasma sources) but without the accom-
panying oxygen contamination issues [23]. The method allows epitaxial growth
of high quality nitride layers [24].

Growth of nanowires. For very metal-rich conditions metal droplet formation
occurs, which was shown in our previous work [20] to be favourable for the
metal-rich growth of catalyst-free InN nanowires. The use of active nitrogen
plasma species allows a higher penetration depth in the In-metal droplets and a
higher diffusion rate of the nitrogen through the droplet to the interface In/InN
where the growth occurs.

2.2 Self-Catalytic growth of InN nanowires from In-rich conditions by
MEAglow

A detailed and profound study of the self-catalytic growth mechanism of single
crystal III-V and II-VI binary, ternary and quaternary nanowires and whiskers by
chemical vapour deposition has been provided by S.N. Mohammad in Ref. [25].
The formation of liquid droplets and seeds, and the nucleation and the creation
of nanowires, have been discussed in detail in his work.
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Self-catalytic growth can be divided into the following stages – (1) creation and
retention of liquid In-metal droplet, (2) adsorption and incorporation of nitrogen
species from the ambient atmosphere in the liquid droplet, (3) nucleation and
axial growth of the nanowire.

Formation of droplets. The formation of metal droplets on the substrate surface
occurs on the small grains of the InN nuclei initially formed on the substrate sur-
face, or on sharp needles on the substrate itself. The molten metal accumulates
in the form of droplets around these sharp edges or grains.

Adsorption and incorporation of species in the metal droplet. Active nitrogen
plasma species and InN molecules formed in the chamber ambient are incor-
porated in the In metal droplet and condense on the liquid-solid interface. A
supersaturation of the droplet is required for the further 1D nanowire growth.

Nucleation and axial growth. At the liquid-solid interface formed by the droplet
and the seed, occurs a break of the symmetry of the isotropic crystal, which is
crucial for the initiation of one-dimensional (1D) nanowire growth [25]. Thus
each liquid droplet tends to induce and dictate the nanowire growth. The nucle-
ation at the liquid solid interface is the most energetically favoured process so it
supresses any other nucleation in the volume of the droplet. The growth of the
nanowire occurs at the liquid-solid interface. As the supersaturation continues
and the liquid droplet remains liquid, the 1D nanowire growth takes place.

The as described growth mechanism is self-catalysed, because the liquid metal
droplet is the catalyst and at the same time is one of the constituent elements of
the nanowire. It is a metal liquid without the need of foreign element catalysts
(such as Au, Ag, etc.) which can introduce undesired contamination.

3 Experimental Results for Self-Catalytic Growth of InN Nanowires
by MEAglow Technique

In this section we will first present our initial results on InN nanowires grown
on c-plane sapphire, which are randomly oriented. Then we will present our
experimental results on vertically oriented nanowires grown on selected areas of
the sapphire substrate. Finally we will show experimental proof that the growth
process is similar to the process of liquid phase epitaxy and occurs at the liquid-
solid interface between the In-metal droplet and the body of the nanowire from
the supersaturated indium melt.

A standard procedure used for the growth of our InN nanowires is described as
follows. Prior to the film growth the substrate (one-side polished c-plane sap-
phire) was heated in air to 1050◦C to eliminate polishing damage. The sapphire
was then loaded in the MEAglow system, heated for one hour under nitrogen gas
flow at a temperature of 490◦C and was then subsequently nitrided for 1 minute
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with the nitrogen plasma. A nitrogen flow rate of 1000 sccm, a radio frequency
(RF) power of 100 W and a gas pressure of 750 mTorr were used for the nitri-
dation procedure. The substrate temperature during the growth was maintained
at 490◦C. Try-methyl indium (TMI), used as the indium source, was delivered
as pulses of 10 seconds with 0.6 sccm of TMI flow. The plasma was on con-
tinuously during one cycle at a nitrogen flow rate of 500 sccm and RF power of
300 W. The total duration of one cycle was 30 seconds and the number of cycles
was 1000. The pressure in the growth chamber was 1310 mTorr.

The morphologies of the resulting products were characterized using a SU-70
analytical ultra-high resolution Schottky Emission scanning electron microscope
(SE-SEM). The structural properties were characterized by XRD measurements
and Raman scattering. XRD measurements were performed using a PANalyt-
ical X’Pert Pro MRD diffractometer with a copper anode. The Raman spectra
were measured in backscattering geometry in the range 300–700 cm−1 on a
HORIBA Jobin Yvon Labram HR visible spectrometer equipped with a Peltier-
cooled CCD detector. The 633 nm line of a He-Ne laser was used for excitation.
The spectral width was 1.5 cm−1, and the absolute accuracy 0.5 cm−1.

3.1 Nucleation and 1D growth of the InN nanowires

An SEM micrograph of the as grown randomly oriented products is shown in
Figure 1. The nanowires are approximately 2 µm long and 100–200 nm in di-
ameter, containing a spherical In-metal droplet on top.

The different stages of nanowire growth, from the droplet formation and nu-
cleation to the start of the growth for the nanowires, are shown on the SEM

3 

 

eliminate polishing damage. The sapphire was then loaded in the MEAglow system, heated for one 

hour under nitrogen gas flow at a temperature of 490o C and was then subsequently nitrided for 1 

minute with the nitrogen plasma. A nitrogen flow rate of 1000 sccm, a radio frequency (RF) power of 

100 W and a gas pressure of 750 mTorr were used for the nitridation procedure. The substrate 

temperature during the growth was maintained at 490°C. Try-methyl indium (TMI), used as the 

indium source, was delivered as pulses of 10 seconds with 0.6 sccm of TMI flow. The plasma was on 

continuously during one cycle at a nitrogen flow rate of 500 sccm and RF power of 300W. The total 

duration of one cycle was 30 seconds and the number of cycles was 1000. The pressure in the growth 

chamber was 1310 mTorr.  

 The morphologies of the resulting products were characterized using a SU-70 analytical ultra-

high resolution Schottky Emission scanning electron microscope (SE-SEM). The structural properties 

were characterized by XRD measurements and Raman scattering. XRD measurements were 

performed using a PANalytical X’Pert Pro MRD diffractometer with a copper anode. The Raman 

spectra were measured in backscattering geometry in the range 300–700 cm−1 on a HORIBA Jobin 

Yvon Labram HR visible spectrometer equipped with a Peltier-cooled CCD detector. The 633 nm line 

of a He-Ne laser was used for excitation. The spectral width was 1.5 cm−1, and the absolute accuracy 

0.5 cm−1. 

3.1. Nucleation and 1D growth of the InN nanowires. 

 An SEM micrograph of the as grown randomly oriented products is shown in Fig. 1. The 

nanowires are approximately 2 μm long and 100-200 nm in diameter, containing a spherical In-metal 

droplet on top.  

 

 

 

 

 

 

 

 

Fig. 1. SEM micrographs of the as-grown sample for 1000 cycles.  Fig. 2. SEM micrographs of different stages of the InN 

nanowire growth: from droplet to the formation of the 

nanowire. 

The different stages of nanowire growth, from the droplet formation and nucleation to the start of the 

growth for the nanowires, are shown on the SEM micrographs of Fig. 2. The growth direction and the 

shape of the nanowire body are determined by the liquid In-metal droplet. The growth mechanism is 

basically a form of liquid-phase-epitaxy. The crystal growth occurs at the solid-liquid interface from 

the supersaturated In-metal droplet. The nanowire diameter is consequently determined by the size of 

the droplet and its shape is determined by the droplet shape.  

 InN nanowires grown from nitrogen rich conditions have cross-section determined by the 

crystal habit (cubic or hexagonal) in contrast to the nanowires shown here, whose shape is determined 

by the shape of the indium droplet. 

   

a b 

Figure 1. SEM micrographs of the as-grown sample for 1000 cycles.
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Figure 2. SEM micrographs of different stages of the InN nanowire growth: from droplet
to the formation of the nanowire.

micrographs of Figure 2. The growth direction and the shape of the nanowire
body are determined by the liquid In-metal droplet. The growth mechanism is
basically a form of liquid-phase-epitaxy. The crystal growth occurs at the solid-
liquid interface from the supersaturated In-metal droplet. The nanowire diameter
is consequently determined by the size of the droplet and its shape is determined
by the droplet shape.

InN nanowires grown from nitrogen rich conditions have cross-section deter-
mined by the crystal habit (cubic or hexagonal) in contrast to the nanowires
shown here, whose shape is determined by the shape of the indium droplet.

3.2 Vertically oriented nanowires

We will now focus on the nucleation and the growth in vertical direction of self-
catalytic InN nanorods grown under indium rich conditions on sapphire sub-
strates by the MEAglow technique. These results were presented in Ref. [21].

Vertically oriented nanowires were grown on selective areas of sapphire sub-
strates exhibiting sharp needles of approximately 9 nm in height. This unin-
tentional patterning of some commercial sapphire substrates was observed after
the annealing and subsequent plasma nitridation. A large area SEM micrograph
(Figure 3(a)) and an 8 × 8 µm AFM topography image (Figure 3(b)) of the
sapphire substrate after the nitridation step show the presence of two different
surface areas – relatively rough triangular areas (RMS = 0.6 nm) surrounded by
a flat (RMS = 0.1 nm) area. The AFM topography image shows that the rough
areas are covered by small ∼ 9 nm high sharp AlN based needles. Similar AlN
needles have been reported to appear on sapphire substrates after nitridation as
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Figure 3. Sapphire substrate after annealing and nitridation: (a) SEM bird’s-eye-view
micrograph: triangular areas of different contrast can be distinguished; (b) AFM topog-
raphy image on a surface including parts of both rough triangular (RMS = 0.6 nm) and
the surrounding flat (RMS = 0.1 nm) areas.

a result of stress accommodation in the AlN layer formed on the surface of the
sapphire during nitridation [26]. Needles could therefore be obtained by over-
nitridation of unmasked areas of the sapphire substrate. In this case the process
would be selective.

The as-grown nanorods on these unintentionally patterned c-sapphire substrates
are presented in Figure 4. As can be seen from the large area SEM micrographs
(Figure 4(a)), the triangular areas observed on the substrate (Figure 3) are repli-
cated after the InN growth. Nanorods perpendicular to the substrate surface are
grown on these areas (Figures 4(b,c)). Indium droplet formation takes place
preferably on the sharp apices of the sapphire needles in these particular areas.
Tiny spherical droplets form on the tips and attract nitrogen and indium reactant
atoms or InN molecules with higher rate than droplets with smaller curvature.
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Figure 4. SEM micrographs of the as grown InN nanorods: (a) bird’s-eye-view and (b)
side view of the InN nanorods without indium desorption step at the end; (c) side view of
the InN nanorods with 5 min indium desorption step at the end of the growth process.

This means that the nucleation of InN takes place with highest probability on
the sharp tips (on the areas of triangular shape (Figure 3)). The In droplets un-
dergo supersaturation leading to nucleation of InN underneath, on the top of the
sapphire peak apex. Following the nucleation, straight nanorods perpendicular
to the substrate start to form on these areas (Figures 4(a,b)) [25,28-31]. Addi-
tionally, on the rougher areas of the substrate, the three dimensional growth has
increased support of the nanorod at their base. Contrarily, the InN nanorods are
very weakly attached to the substrate surface in the smooth areas (Figure 3) so
that they cannot remain straight (Figure 4(a)). This way, the needles serve as
a support of the nanorods, better anchoring them to the substrate and favouring
the growth in a vertical direction.

Two different samples are presented for comparison – with (Figures 4(a, b))
and without (Figure 4(c)) indium metal droplet on their tops. For the second
sample the growth temperature is 500◦C and an additional metal desorption step
at the end of all cycles was introduced, during which the pressure in the growth
chamber was set to zero for 5 min keeping all the other parameters unchanged.
The as obtained nanorods have conical tips. This morphology provides evidence
that the growth continues from the supersaturated indium melt. This solution
remains super saturated due to the continuous desorption of the In-metal solvent.
The epitaxial growth continues until all the In-metal solvent is consumed for the
formation of InN and/or desorbed. In the case without indium desorption at the
end (Figures 4(a,b)), the growth continues until the indium metal droplet remains
supersaturated. In this case the diameter of the nanorod remains unchanged as
it is determined by the In droplet diameter which does not change at the end
compared to the sample in Figure 4(c). The diameter of the nanorods is smaller
in comparison with the second sample due to the elevated temperature of the
growth (510◦C instead of 500◦C). The indium metal droplet remains on the apex
of the nanorods.
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Fig. 5. Typical (a) XRD and (b) Raman spectra of the InN nanowires (containing In-metal droplets on top). 
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the needles serve as a support of the nanorods, better anchoring them to the substrate and favouring 

the growth in a vertical direction. 

Two different samples are presented for comparison - with (Fig.4 a, b) and without (Fig.4 c) 

indium metal droplet on their tops. For the second sample the growth temperature is 500°C and an 

additional metal desorption step at the end of all cycles was introduced, during which the pressure in 

the growth chamber was set to zero for 5 min keeping all the other parameters unchanged. The as 

obtained nanorods have conical tips. This morphology provides evidence that the growth continues 

from the supersaturated indium melt. This solution remains super saturated due to the continuous 

desorption of the In-metal solvent. The epitaxial growth continues until all the In-metal solvent is 

consumed for the formation of InN and/or desorbed. In the case without indium desorption at the end 

(Fig. 4 (a,b)), the growth continues until the indium metal droplet remains supersaturated. In this case 

the diameter of the nanorod remains unchanged as it is determined by the In droplet diameter which 

does not change at the end compared to the sample on Fig. 4 (c). The diameter of the nanorods is 

smaller in comparison with the second sample due to the elevated temperature of the growth (510°C 

instead of 500°C). The indium metal droplet remains on the apex of the nanorods. 

The XRD spectrum of a typical product with In-metal droplets on top is shown in Fig. 5. Two 

different phases of InN – hexagonal (h-InN) and cubic (c-InN) and one rhombohedral phase of In-

metal (r-In) can be indexed. The c-InN(111) peak is at 31.06°2θ and has a FWHM= 0.07 °2θ (252 

arcs) and the h-InN(002) peak is at 31.35°2θ and has a FWHM= 0.06 °2θ (216 arcs). These small 

FWHM values indicate that the nanowires have very good crystal structure and are relatively stress 

free. The preferred orientation and the growth direction are (001) (the (002) plane is parallel to the 

substrate surface). The presence of cubic InN or of mixtures of hexagonal and cubic phases has also 

been reported in Ref. [3, 4, 6].  

  

 

Fig. 5. Typical (a) XRD and (b) Raman spectra of the InN nanowires (containing In-metal droplets on top). 

a) b) 

Figure 5. Typical (a) XRD and (b) Raman spectra of the InN nanowires (containing
In-metal droplets on top).

The XRD spectrum of a typical product with In-metal droplets on top is shown
in Figure 5. Two different phases of InN – hexagonal (h-InN) and cubic (c-InN)
and one rhombohedral phase of In-metal (r-In) can be indexed. The c-InN(111)
peak is at 31.06◦ 2θ and has a FWHM = 0.07◦ 2θ (252 arcs) and the h-InN(002)
peak is at 31.35◦ 2θ and has a FWHM = 0.06◦ 2θ (216 arcs). These small
FWHM values indicate that the nanowires have very good crystal structure and
are relatively stress free. The preferred orientation and the growth direction are
(001) (the (002) plane is parallel to the substrate surface). The presence of cubic
InN or of mixtures of hexagonal and cubic phases has also been reported in Ref.
[3,4,6].
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Figure 5(b) shows a typical Raman spectrum for the nanowires. The Raman
spectrum of the vertically oriented nanorods shows the presence of the hexago-
nal InN A1(TO), E2(high) and A1(LO) at 447, 492, and 586 cm−1 respectively
[3,27].

4 Conclusion

In summary, we have demonstrated the self-catalytic growth of InN nanowires
on (0001) sapphire, under In-rich conditions, using the Migration Enhanced Af-
terglow (MEAglow) growth technique. The growth of the nanowires is a kind
of liquid phase epitaxy from the supersaturated In melt in the droplet and occurs
at the solid liquid interface between the In-metal droplet and the InN body of
the nanowire. The formation of droplets forms preferentially on sharp apices
on the substrate. In case of the growth on the sharp needles, the nanowires are
very well anchored to the substrate and aligned in a direction perpendicular to
the substrate, along the sharp needles. Selective area growth was also discussed.
In the case of sapphire substrates, sharp needles can form on (selected) areas
that are exposed for longer time under nitrogen plasma. The growth of vertically
oriented InN nanowires will be selective on such substrates.
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