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Synthesis of GaN Nanorods with Herringbone Morphology
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Abstract: Hexagonal GaN nanorods are synthesized on quartz substrates through ammoniating Ga203 thin films de—
posited by radio frequency magnetron sputtering. X-ray diffraction (XRD).scanning electron microscopy (SEM ),
high-resolution transmission electron microscopy (HRTEM ). and photoluminescence (PL) are used to analyze the
synthesized GaN nanorods. Among the products, one-dimensional GaN nanostructures owning protuberances on the
surface are detected, which show interesting herringbone morphology. The analysis reveals that the herringbone
GaN nanorods are polyerystalline composed of overlapping parallelepiped GaN nanocrystals arranged along the ma-

jor axis. The large blue shift of yellow PL luminescence of the nanorods is observed at room temperature.
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1 Introduction

Materials with nanotube and nanowire struc—
tures have been extensively studied for their inter—
esting and novel properties from the reduced di-
mensions of these materials and their promising ap-
plications to new devices and technologies''™ .
GaN is one of the most promising materials for the
fabrication of optoelectronic devices operating in
the blue and near-ultraviolet (UV) regions, be-
cause it has a large direct energy band gap of
3.39V at room temperature . Recently, one-di-
mensional GaN nanomaterials have received much
interest for their potential applications in the devel-
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opment of nanometer optoelectronic devices " .

Over the past few years, several methods have been
used to synthesize GaN nanorods or nanowires.
Han and his coworkers employed carbon-nanotube-
confined reaction to fabricate GaN nanorods, from
which blue light emission was observed”’; Cheng
and his coworkers assembled high ordered GaN

191,

nanowires with anodic alumina membranes

Duang and Lieber, based on the vapor-iquid-solid
(VLS)

method to fabricate GaN nanowires by laser abat-

growth mechanism, developed a new

ing a metal-containing target, in which the metal
. 1o . .

nanoparticles were used as catalysts''"”; in addi-

. . . 11 . .

tion, sublimation method''", direct reaction of met—

1251 and hot filament

al gallium with ammonia
chemical-vapor-deposition (CVD)""*" were also ap-

plied to synthesize GaN nanowires. Such achieve-
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ments of one-dimensional GaN nanomaterials men—
tioned above depended either on the assistance of a
template or on a catalyst in the process of synthesis
which would introduce contaminants unintention—
ally. Herein we present the successful synthesis of
GaN nanorods through ammoniating Ga20s thin
films deposited on quartz substrates by radio fre-
quency ( RF) magnetron sputtering without re—
course to confined space of a template or involve—
ment of a catalyst. Apart from the straight hexago-
nal GaN nanorods among the synthesized prod-
ucts, one-dimensional GaN nanostructures with
herringbone morphology were observed for the
first time. In this paper, we focus on the properties

of the synthesized herringbone GaN nanorods.

2 Experiments

The Ga20: thin films were deposited on the
cleaned quartz substrates using a JCK-500A radio
frequency magnetron sputtering system. The fused
quartz plates were cleaned using acetone, isopropyl
alcohol, and deionized water before the deposition.
The background pressure of the sputtering cham-
ber was of about 5X 10" “Pa and the gas with a ra—
tion of Ar : N2= 10 I under 1Pa was introduced
into the chamber during the sputtering process.
The purity of both Ar and N2 was 99.999%. T he
target was Ga203(99.999%) and the distance be-
tween target and the substrates was 80mm. The ra—
dio frequency and power of the sputtering were
13.56M Hz and 150W, respectively.

The GaN nanorods were synthesized by am-
moniating the Ga203 thin films in a high purity
NH:(99.999%) ambience with 300mL/min flow
rate through a quartz tube. The temperature and
duration of the ammoniating were 1000C and
10min, respectively.

The morphology and size distribution of sam-—
ples were characterized using scanning electronic
microscope (SEM, Hitachi H-8010) . T he structure
of the rods was determined by an X-ray diffraction

spectroscopy ( XRD, Rigaku D/max—B with CuKu«

line) and a Philips T ecnai-20U T WIN high—resolu-
tion transmission electron microscopy (HRTEM).
Photoluminescence ( PL) spectra of the samples
were measured in the FLS920 fluorescence spec-

trophotometer at room temperature.

3 Results and discussion

A typical XDR spectrum of the ammoniated
products is shown in Fig. 1. T he refraction peaks of
(100), (002), ( 101), ( 102), ( 110), ( 103), (200),
(112),(201), and (202) correspond to the hexago-—
nal GaN wurtzite structure with lattice constants
of a(= 0.318nm) and c¢(= 0.518nm), in agreement

I for GaN

diffraction peaks corresponding to gallium oxide

with published values nanorods. No
have been identified. The strong peaks of diffrac-
tion relative to the background signal suggest that

the material is predominantly GaN in the wurtzite

phase.
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Fig.- 1  XRD spectrum of the synthesized products
at 1000°C  The numbers above the peaks corre-

spond to the (hkl) values of the wurtzite GaN.

Figure 2 shows the typical SEM image of the
synthesized nanorods. Most of the synthesized
nanorods are straight and smooth, but a few have a
faceted surface. Statistical survey shows that the
diameters of the GaN nanorods are in the range of
10 to 90nm with an average value of about 60nm,
and the lengthes are up to 30um. A peculiar one-di-
mensional GaN nanostructure marked by the arrow

is shown in the central section of the photo. The



4 1 Yang Liet al.:

Synthesis of GaN Nanorods with Herringbone Morphology 339

rod with a length of ~ 15um has protuberances on
the surface, which gives it an interesting herring—

bone appearance.

Fig. 2 SEM image of the GaN nanorods An indi-

vidual herringbone nanorod are shown in the central

section.

The detailed structure of the protuberances
from the surface of the herringbone GaN nanorods
was further revealed by HRTEM image. Figure 3
shows a high-resolution image of a herringbone
nanorod in diameter of about 80nm whose mor-

phology has the appearance of overlapping parallels

Fig. 3 HRTEM image from a herringbone GaN

nanorod and the corresponding SAED pattern of in-

dividual crystallite

arranged along the major axis. No adherents such
as metal catalyst particles have been detected at the
end of the rod. Diffraction pattern recorded from an
overlapping parallelepiped crystal particle with size
of ~ 70nm X 70nm X30nm in this sample is shown

in the insert. The diffraction pattern indicates that

the individual crystallites are single crystal.

The photoluminescence (PL) spectrum of the
synthesized GaN nanorods, as shown in Figure 4,
was measured at room temperature (22°C). The
excitation wavelength at 280nm was used. The PL
spectrum consists of one strong emission peak at
370nm and another emission peak at 466nm, which
associated with the near-band-edge emission and
the wellknown yellow luminescence of wurtzite
GaN crystal, respectively. Compared with the bulk
GaN, the yellow luminescence of the synthesized
nanorods had a large blue shift. In general consid-
eration for PL spectra of one-dimensional nanos-
tructure, the blue shift of the PL peaks is mainly
attributed to the quantum confinement effect.
However, the average diameter (~ 60nm) of GaN
nanorods is not small enough to produce such a
large blue shift via the quantum confinement ef-
fect. Defects, such as point defects and stack faults
may be the reason of the large blue shift'”’. The
herringbone GaN nanorods, which own peculiar
polycrystalline structures, might induce the large

blue shift in the PL of the GaN nanorods.

370nm
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Fig-4 Typical PL spectrum of GaN nanorods mea—

sured at room temperature

4 Conclusion

In summary, we developed a novel method of
synthesizing GaN nanorods by ammoniating Ga20s
thin films deposited on quartz by RF magnetron

sputtering. Neither metal catalysts nor templates
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were used in this process. The herringbone one-di-
mensional GaN nanostructures, which are com-
posed of overlapping parallelepiped hexagonal GaN
nanocrystals arranged along the major axis, were
observed for the first time, in addition to the
straight and smooth GaN nanorods. T he large blue
shift of the yellow luminescence in GaN nanorods
arising from the peculiar herringbone nanostruc-
tures was observed at room temperature. The syn-
thesis of GaN nanorods and other one-dimensional
GaN nanostructures are very important for the re-
search of nanometer scale photonics and electronics
and expected to open up many opportunities for
further fundamental studies and applications of
nanomaterials.
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