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GaN nanowires and nanotubes growth by chemical vapor
deposition method at different NH; flow rate
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GaN nanowires and nanotubes have been successfully synthesized via the simple chemical vapor deposition method. NH3 flow rate was foun
to be a crucial factor in the synthesis of different type of GaN which affects the shape and the diameter of generated GaN nanostructures
X-ray diffraction confirms that GaN nanowires grown on Si(111) substrate undéCo@nd with NH; flow rate of 50 sccm presents the
preferred orientation growth in the (002) direction. It is beneficial to the growth of nanostructure through catalyst annealing. Transmission
electron microscopy and scanning electron microscopy were used to measure the size and structures of the samples.
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1. Introduction ultrasonic bath for 5 min each to remove residual organic con-
. . ) . ) taminations on the surface. Three samples were synthesized
band-gap of 3.4 eV, has high saturated electron drift veloctick) as a catalyst. The Ga was placed on an quartz boat
ity and high thermal conductivity [1,2]. GaN nanostructures,t the center of the furnace, and the Ni/Si (111) substrates
for example, nanowires, nanorods and nanotubes have gas |ocated about 1 cm downstream to the Ga source. The
bright application prospect in UV detector, high-temperaturgype was pumped and filled with,Nor 3 times to clear the
electronic devices, high-speed field-effect transistors, laserggsigual @, then was gradually heated to 9Dat a rate of
LEDs and other functional devices [3,4]. - 25°C/min and kept for 10 min for catalyst annealing, pro-
The GaN nanowires are very interesting building blockstected by N. The temperature was dropped to 900 the
for the fabrication of various nanoscale devices because afjpe was bumped, NHwvas introduced at a desired flow rate.
doping modulation and the selectivity of the carriers [3,5-7].for 0.5 h, the second grown using a NHow of 100 sccm for
GaN nanotubes can be obtained through two-step templatg;s 1y and the third grown using a NHlow of 200 sccm for
assisted methods and direct reaction of metal gallium withy 5 h The growth temperature was maintained for a desired
flowing NH;. However, the synthesis of high-purity well- time. Finally the system was cooled down to room tempera-

cal properties of well-crystallized GaN nanotubes are stills;pstrate.

unknown due to synthetic difficulties [8]. In addition, it is
essential to study the Young's modulus of GaN nanotubes, ,,
which differ from GaN nanowires in shape, size, morphol-
ogy and atomic structure, in order to fully evaluate their pos- 4.
sibilities for nanoelectronic mechanical system (NEMS) de-
vices [1,9,10]. 8 4
Liu et al. [1,11,12] have introduced a complex methord
to synthesis the GaN nanotubes with mixed powder gf@za
and GaN.Heet al. [13] gave the simple synthesis method of
CVD,but they did not explore the mechanism.In this paper,we
further discussed the influence of different Nftbw rate on
GaN nanowires and nanotubes. 2
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2. Experimental details 01

In this letter, GaN nanowires and nanotubes were synthesizec % © % * ™ ®
through direct reaction of metal gallium (Ga,99.99%) vapor
with flowing NHjs in a electric furnace. The Si (111) substrate FIGURE 1. XRD pattern of the GaN nanowires in the first sample

was cleaned by acetone, ethanol, and de-ionized water withrown at 900C with NH; flow of 50 sccm.
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FIGURE 2. (a)SEM image of the unannealed nickel,(b)SEM image of the annealed nickel.
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FIGURE 3. (a)(b)the SEM image of the sample 1 under Nitbw
FIGURE 4. (a)TEM of the nanowire from sample 1 under NH

of 50 sccm;(c)(d)the SEM image of the sample 2 undeg Nlblw
flow of 50 sccm,(b)TEM of the nanosheet from sample 3 under

of 100 sccm;(e)(f) the SEM image of the sample 3 undeg My
of 200 sccm.(g)the SEM image of Ni catalyst on the tip of GaN NH; flow of 200 sccm,(c)TEM of the nanotube from sample 3 un-

nanowire. der NH; flow of 200 sccm.
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3. Results and discussion Generally, under the same growth temperature, the faster
the NH; flow rate between 50 and 200 sccm, the larger the
The first sample grown at 90Q with NH3 flow of 50 sccm  nanowires or nanotubes diameter. By the simple methord,
is characterized by XRD. Figure 1 shows the XRD pattern€gsaN nanostructures with manifold morphologies, including
of the GaN nanowires and the diffraction peaks show that th@anowires, nanorodes,nanotubes and nanosheets are fabri-
GaN nanowires present the preferred growth orientation ogated. NH flow has great impact on the morphology of
the (002) direction and good quality. Because of the low-the nanostructures. When the flow rate of N low,
est surface energy in the (002) crystal plane, the growth o6aN nanowires are synthesized based on the VLS mecha-
GaN nanostructure tend to (002) crystallographic orientationnism [11]. We get nanowires.As the flow rate increased,on
while the growth of other direction is subdued. the basis of VLS mechanism, the increase of the; Nlew
Before the growth of GaN nanostructures, the catalyst ofate enhance the lateral growth, which leads to the decreasing

nickel thin film must be annealed to transform it to nanopar-of the length to diameter ratio and promoting the formation of
ticles. Substrate with nickel was gradually heated to°@50 Nhanorods and nanosheets. To date, the direct fabrication of a

at a rate of 25C/min and kept for 10 min, then the tempera- hexagonal GaN tubular structure free from contamination has
ture was dropped to 90C with 5 min. The whole annealing been a challenge [12], the nanosheets as showed in Fig. 4(b)
process was under the protect of.NFigure 2(a) is the SEM Were transformed to the nanotubes by rolled up. The work
image of not annealed nickel, and Fig. 2(b) is the anneale@@y helpful to achieve the controllable fabrication of GaN
one. It can be clearly seen from the images that catalyst bdlanostructures with varous morphologies.

come more compact and the sizes of catalyst particles are

about 70 nm after anneal. So gatalyst annealing is beneficigd  Conclusions

to the growth of nanostructure if we want better product.

Figure 3 shows the SEM images of GaN products, thdn summary, with different Nkl flow rate between 50 and
SEM images (a) and (b) recorded the information of the firs200 sccm, large scale GaN nanowires and tubes were formed
sample with GaN nanowires of diameters between 50 andt the growth temperature of 900 on Si(111) substrate. The
92 nm, most of the length can reachuf. The images (c) GaN nanowires grown on Si(111) substrate under @0énd
and (d) come from the second sample, the product is muctith NH; flow rate of 50 sccm present the preferred orienta-
shorter than the first sample, but it has larger diameter in th&ion growth on the (002) direction. When the NiHow rate
range from 134 nm to 230 nm. From images (e) and (f), wencreases to 100 sccm, the products have much wider diame-
can measure the diameter of the third sample range from 132r but shorter length. Continue to increase the;Nblw rate
nm to 267 nm. At the same time, it is clearly seen that somé&o 200 sccm, we get nanotubes and nanosheets. This may be
nanosheets appear in Fig. 3 (e) and (f). Figure 3 (g) is th&ecause the faster the Niflow rate, the greater the tension of
SEM image of Ni catalyst on the tip of GaN nanowire, this isthe GaN surface. This leads to very easy to form nanosheets.
typical evidence for VLS mechanism. As the temperature is reduced,nanosheets would become the

Figure 4(a) is a TEM image of the first sample hanotube if they were rolled up properly. We are continu-
(nanowires), and the inset in the upper-left-hand cornelnd to study other factors which may influence the growth of
of Fig. 4(a) is a selected area electron diffraction patterf3aN nanostructures, such as sample location, pressure and
(SAED) of the wire sample. Diameters of most of the wirestrying to_gain an better understanding of the detailed growth
can reach at 54 nm. Similarly, Fig. 4(c) is the TEM image of Meéchanism.
the third sample. To our surprise, the one dimensional hanos-
tructures in the third sample are GaN nanotubes. The insﬁi\cknowledgments
picture of Fig. 4(c) is an electron diffraction pattern of the
nanotube. From the Fig. 4(c), the outside diameter of th&his work was supported by the National Natural Science
tube can up to 250 nm and an inside diameter of 160 nm. AfFoundation of China under Grant Nos. 11275144 and
mention above, some nanosheets appear in the third sampli,210061.

Fig. 4(b) is the TEM image of the third sample. We all know
that the nanosheets would become the nanotube if they were
rolled up properly.
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