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Abstract

In this thesis, combining low-pressure metal-organic chemical vapor
deposition technology with metal-catalyzed the growth of nanowire onto
silicon substrate is the main purpose. We hope to synthesize GaN
nanostructure possesses quantum confinement effect.

In this study, Snm-thick Au thin film used as catalyst for synthesizing
nanowires sputtered onto monocrystalline silicon (100). TMG, NH; and
C,H, gases were used as Ga, N and C precursors respectively. The
structural characteristic of the material was examined with scanning/
transmission electron microscope, Raman spectra and X-ray powder
diffraction. On the side, the optic characteristic and quantum confinement
effect were measured by Photoluminescence spectra.

First, carbon nanotubes (CNT) were used to confine the radial growth
simultaneously growth of GaN and carbon nanotube. The presence of the
wurtzite structure GaN nanowires encapsulated inside the cavity along
the length of a multi-wall carbon nanotube by experiment result. In the
experiment, the inner and outer diameters and GaN nanowire
encapsulated inside the carbon nanotube were changed with the flow rate
of C,H, was controlled. The outer diameter of CNT is about 20-50 nm
and the diameter of GaN nanowire is about 10-15nm while the flow rate
of C,H, was controlled to be 50sccm. The outer diameter of CNT is about
15-20 nm and the diameter of GaN nanowire is about 6-8nm while the
flow rate of C,H, was controlled to be 25sccm. The diameter of GaN
nanowire is decreasing with the flow rate of C,H, reduced and conforms
with the inner diameter of CNT as well as the band-gap has blue-shift.

Gold can not catalyze the growth of CNT is already knew ago, but we
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find that the carbon nanotube can be catalyzed by Ga in documents.
Hence we suppose the growth of CNT was catalyzed by Ga-Au alloy and
the sections of GaN nanowire were caused by the different speed of
growth.

On the side, we synthesize GaN nanowire by 2-step method. The first

part of GaN nanowire was synthesized at 750°C and the second part was

synthesized while the temperature cooling down. The GaN nanowire was
defined to be wurtzite structure from experiment result. The first part of
the wire was observed from TEM image that has triangular cross section
with 36 nm diameters and the second part of the wire was observed from
TEM image that has S5nm diameter. We can not observe obviously the
quantum confinement effect from the analysis of spectra due to the
second part GaN nanowires are too short. Hence we suppose that the
synthesis of second part of GaN nanowire was catalyzed by using the
minority of Au was not covered by nitrides as catalyst during cooling
down.

In this study, the way of synthesizing GaN@CNT is efficiently to
control the diameter of GaN nanostructure. That is efficiently and simply
to synthesize a large amount of semiconductor materials possess quantum

confinement effect.
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Figure Captions

Fig.1-1 Gallium nitride nanorods were prepared through a carbon
nanotube-confined reaction.

Fig.1-2 A method using an arc discharge in a nitrogen atmosphere for

synthesizing large quantities of GaN-Carbon composite
nanotubes and GaN nanorods.

Fig.1-3 Laser-Assisted catalytic growth of single crystal GaN nanowires

Fig.1-4 Formation of GaN nanorods by a sublimation method

Fig.1-5 Straight and Smooth GaN Nanowires

Fig.1-6 Pyrolysis approach to the synthesis of gallium nitride nanorods

Fig.1-7Catalytic growth and characterization of gallium nitride nanowires

Fig.1-8 Strained gallium nitride nanowires

Fig.1-9 Growth of GaN nanorods by a hydride vapor phase epitaxy

method

Fig.1-10 A HRTEM image and Photoluminescence spectra of the 1-D
GaN-S102 nanocable

Fig.1-11(a) Radiation from a forward biased p-n junction at 78°k

Fig.1-11(b) The band edge radiation at 1.47eV

Fig.1-12 Low-temperature catalytic synthesis of Gallium nitride
nanowires

Fig.1-13 The development of various type LEDs

Fig.1-14 Arrays of ZnO nanowires and GaN nanotubes

Fig.1-15 Gallium nitride nanowire nanodevices

Fig.1-16 Electron microscopy images of synthesized GaN nanowires and
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individual,isolated GaN nanowire laser.
Fig.1-17 Change of energy-level of atom, molecular, nanomaterial and
bulk

Fig.1-18 The relationship between the form and density of state

Fig.1-19 The different shape of carbon

Fig.1-20 Multi-wall carbon nanotube

Fig.1-21 Single-wall carbon nanotube

Fig.1-22 The direction of graphite rolled into a cylinder

Fig.2-1 (a)Sketch map of MOCVD system (b) Photography of TMGa
source and high temperature furnace.

Fig.3-1 Schematic diagram of the setup for preparing the GaN@CNT and
needly GaN nanowires

Fig.3-2 SEM images of GaN@CNT with the relatively much amount of
CH, (a) a tilt of plane view (b) cross-section (c)
high-magnification images

Fig.3-4 (a) GaN nanorod is coated several sheets of the graphitic lays; the
inset is the corresponding diffraction patterns (b)
high-magnification of a section of GaN nanorod, (c) The interface
of GaN and CNT.

Fig.3-5 Typical PL spectra from GaN@CNT nanowires

Fig.3-6 Temperature dependence of photoluminescence spectrum

Fig.3-7 Typical SEM image (a) high-density nanowires (b) coress-section
of GaN@CNT nanowire (c) high-magnification image and the

range of circle shown the nanostructure within the CNT

Fig.3-8 The X-ray diffraction pattern of the nanowire

Fig.3-9 HRTEM image of GaN@CNT (a) low-magnification image; the

IX



diffraction pattern of nanowire in inset (b)(c) the diameter of GaN
core is about 8nm (d) the atomic resolved lattice

Fig.3-10 An individual GaN@CNT nanowire HRTEM image

Fig.3-11 Typical PL spectra from GaN@CNT nanowires

Fig.3-12 Temperature dependence of photoluminescence spectrum

Fig.3-13 Blue-shift of photon energy

Fig.3-14 Raman spectra at two samples with different conditions

Fig.4-1 SEM images of GaN nanowire (a) morphology view (b) (¢)
high-magnification images of triangular GaN nanowires.

Fig.4-2 SEM images of GaN nanowires cross section (a) a large amount
of GaN nanowire (b)(c) a needle-like structure upon the nanowire

Fig.4-3 A range from 20 to 80° XRD pattern taken from the GaN
nanowire.

Fig.4-4 TEM image of full view; the inset is the diffraction pattern of the
nanowire.

Fig.4-5 (a) An individual GaN nanowire image (b)(c)high-magnification
image of GaN nanowire

Fig.4-6 EDS of single GaN nanowire

Fig.4-7 PL spectrum of GaN nanowire at room temperature

Fig.4-8 PL spectrum of GaN nanowires with diameter of 36 nm and

2-step GaN nanowires

Fig.4-9 Raman scattering spectrum of needly GaN nanowires



Table Captions

Table 1-1 Different types of LEDs are grown with different techniques
and have different characteristies.

Table 1-2 The develop of IlI-nitride materials.

Table 1-3 The comparison of carbon nanotube, steel and wood
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