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Abstract

InGaN nanowires (NWs) have attracted a lot of research interest in the past decade. They contain both the intrinsic properties of InGaN materials,
and some unique properties induced by the NW structures. This article reviews the growth methods to obtain InGaN NWs, with discussions on

different epitaxy methods.

Discussion

One-dimensional (1D) have

attracted considerable attention for future device applications,

semiconducting materials

such as nanophotonic and nano electronic devices [1]. Group
[II-nitride nanowires (NWs), InGaN NW is of tunable bandgap
(0.7-3.4 eV),

absorption, which have demonstrated great potentials for the

high carrier mobility, and excellent optical

high-performance photodetectors, light-emitting diodes, and
solar cells. The optoelectronic performance of InGaN NW devices
is highly associated with the NW morphologies [2]. For instance,
poorly defined morphology such as a conical shape may cause a
significant Fermi level fluctuation along the NW axial direction,
leading to undesirable properties of the NWs as well as the poor
performance of the related devices. Therefore, the high quality and
vertically aligned InGaN NWs is one of the key points for the device
applications of the InGaN NWs. The InGaN NW growth methods are

reviewed briefly in the subsequent sections.

Recently numerous achievements for well-aligned and uniform
InGaN NWs have been obtained through catalyst-assisted “vapor-
liquid-solid” (VLS) growth, self-catalytic VLS growth and selective
area growth (SAG) techniques.

The growth of InGaN NRs is enabled by the VLS growth mode,
where liquid or solid metal particles (e.g., Au) is used as catalysts.
And a high V/III growth condition is conducive to avoiding the
formation of stacking dislocation of InGaN NWs and improving the
crystal quality. In addition, Ni [3], Ni+Au [4,5] nanoparticles are
also widely used as catalysts. As for catalyst-assisted VLS growth,
using a metal nanoparticle catalyst, as-grown NWs often differ in
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their crystallographic orientation and tend to tilt, random, and
branch during the growth process. And the random orientation
of NW makes the device fabrication difficult. Moreover, catalyst
contamination such as Au or Ni nanoparticles can result in
undesirable mid-gap electronic states in devices, thus markedly
degrading the performance of the devices.

To catalyst assisted VLS growth mode, impurity incorporation
into NW due to the use of a catalyst may degrade device
performance. Therefore, InGaN NW fabrication without any metal
catalyst is preferred for device development [6]. As an alternative,
the self-catalytic VLS mode has been performed for growing InGaN
NWs. However, the orientation of the InGaN NWs is still random
or tile. Furthermore, to better control the geometry of InGaN NW,
the InGaN NWs can be derived from the high nucleation density
of the NWs and the radial growth have been proposed previously
by several groups. Thus, the well-separated and vertically aligned
NWs can be achieved by enhancing the axial growth rate and
suppressing the growth in the radial direction, simultaneously. Of
course, the nucleation density of NWs should also be controlled and
optimized. In particular, the enhancement of adatom diffusion can
lead to a lower nucleation density and be beneficial to improve the
axial growth rate, the geometry (the cross-sectional size, height,
and shape) of the grown NWs is highly uniform. Meanwhile, the
crystal quality is quite high [7].

SAG of InGaN NWs on patterned substrates is proposed to
obtain uniformly arranged and uncoalesced NWs. The InGaN NWs

are prepared on dielectric-masked nanoholes with selective area
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metalorganic chemical vapor deposition (MOCVD). To overcome
the tendency for random nucleation of InGaN at low temperatures,
a pulsed growth procedure was introduced to enhance the diffusion
length of Ga adatoms on SiO,, resulting in good selectivity at typical
temperature ranges for InGaN [8]. However, the patterning of
the mask layers for a subsequent SAG makes this approach more
demanding and complex from a technological point of view, as well
as expensive from a cost perspective. For the SAG of NWs, a series
of extremely complicated and costly techniques such as e-beam
lithography and focused ion beam milling are employed, leading to
the high cost and low efficiency for fabricating NW arrays [7,9].

Conclusion

In summary, we have briefly reviewed the method of InGaN
NWs growth, including catalyst assisted VLS, self-catalytic VLS,
and SAG growth. Therefore, the growth method of InGaN NWs
with vertically aligned, less cost and without any metal catalyst is
preferred development.
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