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Introduction

GaN-based light emitters have been successfully commer-
cialized in spite of that the large amount of dislocations is
still a big threat to the lifetime and the yield of the devices.
To reduce the dislocation density for higher quality, many
methods have been proposed. High-quality nanocolumns
with low dislocation density could be potential templates
for high-performance nanodevices such as light-emitting
diodes, laser diodes and photodetectors. Recently, the
semiconductor columnar nanostructures ,i.e., nanocolumns,
have aroused great attention because of their potential uses
in both the mesoscopic research and the development of
nanodevices. The photoluminescence intensity in the GaN
nanocolumns was 20 ~ 30 times stronger than that in GaN
continuous film grown by metalorganic chemical vapor
deposition (MOCVD) because the former structures are
almost dislocation free and the surface non-radiative re-
combination rate is very low.[1-3] We report an approach
for the growth of one-dimensional GaN nanocolumns using
self-organization on gallium -coated Si (111) substrates.

2. Experimental procedure

Vertically c-axis-aligned GaN nanocolumn in this work
was grown on 1.5 cm x 1.5 cm Si (111) substrate by mo-
lecular beam epitaxy (MBE). The formation of nano-sized
Ga droplets on Si substrate surface was formed by evapo-
rating Ga from effusion cell. Ga alloy droplets were found
to be uniformly distributed on silicon surface. The GaN
nanocolumn growth was performed under the nitrogen rich
conditions. The nanocolumn morphology and size distribu-
tion were analyzed with a field emission scanning electron
microscope (FESEM). Optical and structural properties of
the grown GaN nanocolumn were characterized by Photo-
luminescence (PL) and Raman spectroscopy.

3. Results and discussion

Figure 1 shows a high magnifying power image of a GaN

nano-column grown after Ga droplet formation on substrate.

Vertically aligned GaN nano-columns were grown uniform
in diameter and length. The diameter and length of the
nanocolumns ranged from 85 nm and 715 nm, respectively.
The nanocolumns were densely distributed on the sub-
strate surface.

-578-

il A

113 5.8mm x100k SE(U) 5/9107

Fig.1 shows FE-SEM image of GaN nano-column
vertically grown on Si substrate
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Fig. 2 Room temperature PL spectra of the GaN
nano-column grown on Si

PL investigation indicates an improvement in the optical
quality of the nano-column. Figure 2 shows the room tem-
perature PL spectrum of the GaN nano-column. A strong
band-edge emission is observed at 363 nm. The FWHM of
the PL spectra at 363 nm peak was 68 meV which indicates



the grown nano-columns are dislocation free with good
crystalline quality. The data of PL intensity and FWHM at
room temperature indicate a high optical quality of the GaN
nano-column. This implies that the optical properties of
GaN nano-column have high potential for GaN based opto-
electronic devices.

Raman spectra of GaN nanocolumn were measured in the
backscattering geometry. The light source of an Ar" laser
operating at 514.5nm was focused through a microscope
onto samples. Fig. 3 indicates Raman spectra of overgrown
GaN on nano-columns by MBE method. The Raman signal
of the GaN E, mode at 566.9 cm-! and A;(LO) were ob-
served at  726cm™  for  GaN  nano-columns.
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Fig. 3 Raman spectra of GaN nanocolumn grown on Si
substrate
Conclusion

In summary, a novel technique was used to grow
crystalline quality GaN nano-columns on Ga droplet coated
on Si substrate using MBE system. The Ga droplet on Si
substrate was annealed prior to GaN growth to obtain ver-
tically well aligned nano-columns. The grown GaN
nano-columns were vertical to the Si(111) growth plane are
demonstrated and analysed with FE-SEM techniques. GaN
nano-columns grown are single crystal in nature with good
optical quality were confirmed by Raman spectroscopy and
PI measurements. This implies that the optical properties of
GaN nano-column have high potential for GaN based opto-
electronic devices.
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