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Abstract: Single crystalline wurzite GaN nanowires were synthesized through ammoniating Ga,0Os/Ta films by RF magnetron sputtering.

The products were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), high-resolution transmission

electron microscopy (HRTEM) selected-area electron diffraction (SAED) and photoluminescence (PL). The results show that the

nanowires have a hexagonal wurtzite structure with diameters ranging from 20 nm to 60 nm and lengths typically up to 10 um. The

PL spectrum exhibits a strong UV light emission at 363 nm. The growth mechanism of the crystalline GaN nanowires is discussed

briefly.
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Gallium nitride (GaN), which has a direct and wide bandgap
of 3.4 eV at room temperature, has been considered as an ideal
material for the fabrication of blue/green light emitting diodes
(LDS), laser diodes (LDS) and high power integrated circuits
In the past decade, nanomaterials have received extensive re-
search interest for their great prospects in the fabrication of new
nanoelectronice and development of new nanotechnologies™..
So far, GaN materials have been synthesized by many different
techniques such as carbon nano-tube-confined reaction'®, sub-

161 and

limation method™, direct reaction of metal Ga and NH;
metal-catalyzed growth based on the vapor-liquid-solid (VLS)
mechanism!”¥. But, due to the extensive demand for GaN nan-
oforms in the field of nanotechnology it is still a challenge to
fabricate high quality GaN 1D nanoforms. In this paper, GaN
nanowires have been successfully synthesized on Si substrates
by RF magnetron sputtering using tantalum as catalyst. This
growth method allows a continuous synthesis and produces a
large quantity of single-crystal GaN nanowires with relatively
high purity and low cost. So, it is to be of interest for commer-
cial-scale production.

1 Experimental

In our experiment, GaN nanorods were prepared by self as-
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sembling of Ga,0; films in their reaction with NH;. There
were two steps in the whole process. The first step was that
the Ta films and Ga,O; films were deposited in turn on Si
(111) substrate in a JCK-500A magnetron sputtering system.
The targets for depositing Ta films and Ga,0O; films were Ta
with purity of 99.9% and sintered Ga,O; with purity of 99.9%.
The conditions of sputtering were as follows: the base
pressure before sputtering was about 1.8x10~°Pa. The working
gas was pure argon(>99.99%) and the working pressure was 2
Pa. The radio frequency voltage was 900 V and the sputtering
power was 150 W. The sputtering time was about Smin for Ta
and 90 min for Ga,0;.

The second step was that the Ga,0;/Ta films were ammo-
niated for 10 min at 950 °C in the flowing ammonia atmos-
phere in a horizontal tube furnace. When the tube furnace
reached the temperature of 950 °C steadily, the samples were
placed into the constant temperature zone of the furnace.
Flowing nitrogen with a flux of 500 mL/min was first intro-
duced into the system for 5 min to expel air. Then ammonia
with a flux of 500 mL/min flowed into the system for 10 min.
Finally, the NH; was expelled by N, before the samples were
removed from the furnace. It could be found that the color of
samples turned to be light yellow after ammoniating.
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The crystalline structure information of the as-prepared samples
was examined by X-ray diffraction (XRD, Rigaku D/ max-rB Cu
Ka, 40 kV). Scanning electron microscope (SEM, Hitachi S-570)
and high-resolution transmission electron microscope (HRTEM,
Philips TECNAI-20) were used to examine the morphology and
microstructure of the products. The photoluminescence (PL)
spectrum of the samples was analyzed in an FLS920 flourescence
spectro-photometer at room temperature.

2 Results and Discussions

2.1 XRD analysis

Fig.1 shows the typical XRD pattern of the produced nanowires.
Four high peaks are found at 26=32.26°, 34.44°, 36.72° and
48.52°, respectively. All these peaks could be indexed to a hex-
agonal wurtzite GaN phase with lattice constants of =0.3186 nm
and ¢=0.5178 nm, which are the same ones. as the reported value
for bulk GaN™.. No diffraction peaks of Ga,O; or other impurities
are found in any of our samples, suggesting that the surface of
products is predominantly hexagonal wurtzite GaN.
2.2 SEM analysis

Fig.2a, b show the typical SEM of the
as-synthesized nanowires ammoniated at 950 °C at different

images

magnifications. At low magnification, it can be clearly seen
from Fig. 2a that the products consist of a large number of
high-density nanowires interlaced with each other. Liquid
droplets, which are the remarkable sign of the vapor-liquid-
solid (VLS) mechanism, are found on the tips of some
nanowires, as shown in the inset Fig. 2a. And further observa-
tion demonstrates that the nanowires possess a relatively
smooth surface and a relatively straight morphology with di-
ameters ranging from 40 nm to 100 nm and lengths typically
up to 10 um, indicating an aspect ratio about 100:1.

Fig.2c is the typical SEM image of GaN nanorods using
TiO, as the intermediate layer[w]. The quality and quantity of
the as-synthesized nanowires are better than those of Fig. 2c.
In addition, no liquid droplets are found on the tips of the
nanorods in Fig. 2¢c. So, the growth mechanisms are different
for the two methods.
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Fig.1 XRD pattern of the synthesized GaN nanowires

2.3 HRTEM analysis

The HRTEM images of a single nanowire are given in
Fig. 3. Fig. 3a is the image at lower amplification. It re-
veals that the GaN nanowire with a uniform diameter of
about 70 nm has clean and smooth surface morphology.
The inset shows the selected area electron diffraction
(SAED) pattern of the single nanowire, where (0111),
(1701), (1010) diffraction spots present, which can be
indexed to the reflection of hexagonal wurtzite GaN single
crystal. Fig.3b is the higher-amplification image of the sin-
gle nanowire. The clear lattice fringes confirm that the
nanowire is high quality hexagonal single-crystal GaN.
The distance between the two fringes is 0.276 nm, which is
corresponding to the plane distance of GaN (100), indicat-
ing the growth direction of the nanowire is perpendicular
to the fringes of (100) plane.
2.4 PL analysis

The measurement of PL spectrum performed at room tem-
perature is shown in Fig.4. A strong UV light emission peak at

Fig.2 Typical SEM images of GaN nanomaterials at different mag-
nifications: (a) low magnification; (b) higher magnification;
and (c) image in Ref[10]

Fig.3 HRTEM images of a single GaN nanowires: (a) lower ampli-
fication and (b) higher-amplification

1130



Xue Chengshan et al. / Rare Metal Materials and Engineering, 2009, 38(7): 11291131

363 nm

Intensity/a.u.

389 nm

350 375 400 425 450 475 500

Wavelength/nm

Fig.4 PL spectrum of the synthesized GaN nanowires

363 nm and a very weak light emission band centered at 389
nm can be observed. The UV light emission has tiny blue shift
compared with that of bulk GaN!""! The weak emission band
centered at 389 nm might be due to the excitons bound to the
surface or other structure defects!'”. However, further work is
needed to study the PL mechanism of the GaN nanowires.
2.5 Discussion about growth process of GaN

Although the detailed growth mechanism of the GaN
nanowires is still not fully understood, we might briefly ex-
plain the process based on the above observations. Ta is very
important for the fabrication of GaN nanostructure. To text this,
we also ammoniated Ga,0s/Ta films under the same condition,
and no such nanowires were found. As the fluidization tem-
perature of nanosized catalytic metal particles is lower than the
melting point of bulk metal”®!, the Ta film broke up, and then
the liquid Ta nanodroplets which act as energetically favorable
sites for absorption of gas-phase reactants are formed on the Si
surface at high temperature. It is well known that Ga,0; can
decompose to gaseous Ga,O or Ga at the temperature above
800°C " and NH, decomposes stepwise to NH,, NH, H, and
N at 850 °C. Then the gaseous Ga,O, the atomic Ga, the atomic
N and NH; could be absorbed in above-mentioned sites to
form Ta-Ga-N transition alloys. When the concentration of

Ga-N exceeds a saturation point in the liquid phase Ta-Ga-N
alloy droplet, GaN begins to grow from liquid phase and de-
posits to form nanowires. However, the growth mechanism
needs to be further studied.

3 Conclusions

1) In summary, GaN nanowires can be prepared through
ammoniating Ga,0;/Ta films on Si substrate at 950 °C for 10
min.

2) The nanowires are single-crystal wurtzite GaN with di-
ameters ranging from 40 nm to 100 nm and lengths typically
up to 10 pm.

3) The PL spectrum exhibited a strong emission peak at
363 nm.
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B FNHEENE BRI EA Gay05/Ta WM, & HORE R —2E PR AT BUR R OOK 2 . Y X ERATST . F13m 7 BB
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HEAR KL 20~60 nm, Hfp KKELAE 10 pm 2. T OCEUAOGIEN LU BL 363 nm AR AL, i4h, fitie T /i

BAKEA LA
KA ARSI A WA

((EEREFOE

shan@sdnu.edu.cn

BEAL L, Y, 1945 SEAE, #HER, AR K230, (WA Brr 250014, Hif: 0531-86182624, E-mail: xuecheng-

1131



