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Abstract—The catalytic reaction concept was introduced in the growth of semiconductor micro- and nano-crystals.
It was found that gallium nitride (GaN) micro- and nano-crystal structures, carbon nanaotubes, and silicon carbide (SiC)
nanostructures could be efficiently grown using transition metal catalysts. The use of Ni catalyst enhanced the growth
rate and crystallinity of GaN micro-crystals. At 1,200 the growth rate of GaN micro-crystals grown in the presence
of Ni catalyst was over nine times higher than that in the absence of the catalyst. The crystal quality of the GaN micro-
crystals was almost comparable to that of bulk GaN. Good quality GaN nanowires was also grown over Ni catalyst
loaded on Si wafer. The nanowires had 6H hexagonal structure and their diameter was in the range of 30-50 nm. Multi-
wall nanotubes (MWNTSs) were grown over 20Fe : 20Ni : @DAtatalyst. However, single wall nanotubes (SWNTSs)
were grown over 15Co : 15Mo : 70MgO catalyst. This result showed that the structure of CNTs could be controlled
by the selection of catalysts. The average diameters of MWNTs and SWNTs were 20 and 10 nm, respectively. SiC
nanorod crystals were prepared by the reaction of catalytically grown CNTs with tetrametysilane. Structural and optical
properties of the catalytically grown semiconductor micro- and nano-crystals were characterized using various analytic
techniques.
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INTRODUCTION latively low temperatures less than 400/ Jang et al., 1998].
The growth of carbon nanotubes (CNTS) is a typical example
Catalysts have been widely utilized in most chemical reactionsfor the application of catalysts to semiconductor crystal growth. Ow-
currently employed in chemical plants because most catalysts erirg to the extraordinary properties of carbon nanotubes such as a
hance the yield of chemical reactions significantly by promoting metal, semiconductor and superconductor [Hassanien et al., 1998],
the reaction rate through different molecular mechanisms. How-and in parallel their hydrogen storage capability [Dillon et al, 1997
ever, the use of catalysts in semiconductor manufacturing processésbria et al., 2001], the synthesis and application of CNTs have been
has been strongly prohibited because people believed catalysts playtensively investigated since their discovery in 1991 [lijima, 1991].
a role as impurities in semiconductor materials, leading to the deteriSarbon nanotubes have been synthesized by numerous techniques,
oration of device performance. namely, arc-discharge [Maser et al., 1996], laser ablation [Guo et
Recently, some reports on the utilization of catalysts in semiconal., 1995], catalytic chemical vapor deposition, etc. [lvanov et al.,
ductor crystal growth have begun to emerge in the scientific paperd995; Kibria et al., 2002]. Most of the growth processes above em-
Polycrystalline silicon (poly-Si) thin film has been a key material ploy some metal catalysts to grow CNTs. Fe, Ni and Co supported
for large-area electronic devices for flat-panel displays and solacatalysts have been the most commonly employed catalysts, but
cells. Poly-Si is generally made from amorphous silicon (a-Si) thinvariety of new catalysts have been examined to get desired CNT
film by various crystallization techniques. Although a number of tech-structures [lijima and Ichihashi, 1993; Bethune et al., 1993; Saito
niques have been proposed during the past several years to achiesteal., 1993].
the crystallization of a-Si to poly-Si on large-area glass substrate The wide-band-gap semicondutor GaN is currently of great in-
[Ilverson and Reif, 1987; Im and Sposili, 1996; Yoon et al., 2001],terest for development of optoelectronic devices at blue and near-
a solid phase crystallization is a common method to crystallize amorltraviolet wavelengths [Akasaki and Amano, 1997] as well as high
phous silicon (a-Si) to poly-Si because of its unique advantages sudiemperature and high-frequency electronics [Kim et al., 1997]. Due
as low manufacturing cost and uniformity over large area [Ilversorto the continual demands for reduction in device size, it is naturally
and Reif, 1987]. However, its crystallization temperature is too highof interest to fabricate nanodevices based on nanoscale materials
for use of large-area glass substrate. Literature has reported that somvith novel properties. GaN micro- and nano-crystals are good can-
metals, such as Al, Ni or Pd, act as a catalyst in the crystallizatiowlidates for these needs [Gonsalves et al., 1997; Koo et al., 2001].
of a-Si into poly-Si so that the crystallization can be realized at re-GaN micro-crystals have lately synthesized using various methods
[Porowski, 1996; Shibata et al., 1999]. However, most of the works

To whom correspondence should be addressed. still remained in the fundamental study on the growth of high quality
E-mail: nahmks@moak.chonbuk.ac.kr GaN crystal. Recently, our laboratory has reported the growth of
“This paper is dedicated to Professor Wha Young Lee on the occasiohigh quality GaN micro-crystals using Ni catalyst by a direct reac-
of his retirement from Seoul National University. tion of gallium and ammonia [Nahm et al., 2000; Lee et al., 2001].
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A number of techniques have been also proposed during the paist the inner quartz reactor. The reactor was evacuated'tori.0
several years to achieve the growth of 1-dimensional semiconduder 30 minutes and then purged with 100 scgnON!). This proce-
tor GaN nanowires [He et al., 2001; Chen et al., 2001]. However, alure was repeated more than five times to remove the residual im-
synthesis of GaN nanowires by the catalytic reaction of gallium andburities in the reactor. The reactor pressure was adjusted ysing N
ammonia using transition metals has been proposed by Chen et & be one atmosphere. After elevating the reactor temperature to
this year [Chen et al., 2001]. Recent successful fabrication of CNTB00°C in the flow of N gas, the MNflow was stopped, switched to
transistors achieved by IBM group nourishes the importance of on&00 sccm L gas (9 N), and the temperature maintained for 5 min
dimensional semiconductor crystal nanostructures for the futurdo clean the Ni catalyst surface. The reactor temperature was again
nanodevice fabricaltion [Derycke et al., 2001]. Likewise, other re-raised from 800C to the growth temperature and then the hydro-
search group also observed the enhanced growth rate of semicagen gas was completely changed to 50 sccr(98:99%). All the
ductor crystal growth, but they did not realize that it was due to thegases were introduced into the reactor through the delivery tube
catalytic activity of the metal species involved in the growth reac-and the Ni catalyst was completely dipped in the Ga melt during
tions [Gu et al., 2000; Xie et al., 1996]. the growth. The growth reaction was performed at various temper-

Subsequently, the use of catalysts in semiconductor crystal growtatures (1,000-1,10C). After the growth reaction, the temperature
can make a breakthrough to achieve high purity and quality semiwas slowly cooled to room temperature in the flow of N&s. The
conductor growth as well as to control of the crystal structure in-GaN crystals were removed from the as-grown mixture by dis-
tentionally by examining the catalytic growth mechanism precisely. solving unreacted Ga and Ni catalyst in HCI solution. The sepa-
In spite of concrete evidence for the catalytic effect in the growthrated GaN crystals were washed with distilled water and dried in a
of semiconductor crystals observed above, insufficient recognitiorvacuum oven.
of catalyst importance in the crystal growth still prevents a wide- GaN nanowires were grown by a direct reaction of molten Ga
spread of catalyst application to the growth of semiconductor crystaland ammonia gas on Si wafer loaded Ni catalyst. Ni catalyst was

In this work, we report the growth of GaN micro- and nano- crys-loaded on Si wafer by dipping into 8.6 M Ni(jy©9HO solution.
tal structures, carbon nanaotubes, and SiC nanostructures using tral-Si substrate (8 cmx0.5 cm) was vertically set up in the reactor
sition metal catalysts to introduce the catalytic growth of semicon-and half of the substrate was exposed above the surface of Ga lig-
ductor crystals. Structural and optical properties of the catalyticallyuid to grow GaN nanowires. The GaN nanowires were grown for
grown semiconductor crystals were characterized using various an&-hr at 910C and 1 atm with 20 sccm Niith the same reactor. The

lytic techniques. growth sequence of the GaN nanowire crystals was equal to that
of GaN micro-crystals.
EXPERIMENTS 2. Carbon Nanotubes and SiC Nanorods
For the growth of CNTSs, two bimetallic catalysts of compositions
1. GaN Micro-Crystals and GaN Nanowires 20Fe : 20Ni: 60AI0; and 15Co: 15Mo: 70MgO were prepared

GaN micro-crystals were grown by a direct reaction of molten by an impregnation method. TheAl, O, and MgO powders used
Ga and ammonia gas using a Ni-mesh catalyst. The growth of thas the catalyst supports had average diameters of 0.3 aumd, 0.5
GaN crystals was carried out in a homemade quartz tubular reactoespectively. High metal loading was chosen in order to get longer
heated in a tubular furnace (Fig. 1). The growth temperature wasatalytic activity. To prepare 20Fe : 20Ni : 698 catalyst, aque-
monitored with a Rh/Pt thermocouple from the bottom of the reac-ous solutions of Fe(NJ-9H,0 and Ni(NQ),-6HO having required
tor and controlled by a temperature controller. Cylindrical Ni-meshamount of metals were mixed with,8, powders and stirred for
catalyst (0.6 g) was placed between the gas delivery tube and inn&rh at 60C to remove dissolved oxygen and to get homogeneous
reactor tube. Small pieces of solid Ga (8 g, 99.99%) were loadeimpregnation of metal salts in the support. The impregnate was then

dried in an oven at 10C for 12 h, calcined at 40Q for 4 h in a

box furnace and reduced in 100 sccm hydrogen flow iC s

3 h under vacuum. The prepared catalysts were stored in sealed ves-
¥ —= (as ol sels and CNTs were synthesized over the catalysts. 15Co : 15Mo :
70MgO catalyst was prepared along the same sequence with the
20Fe : 20Ni : 60AIO; catalyst except using Co(N@6H,0 and
(NH,)¢Mo0,0,,-4H,0 for precursors.

The growth of the CNTs was carried out in a rapid thermal chem-
ical vapor deposition (RTCVD) reactor described in elsewhere [Seo
et al., 1997]. Approximately 40 mg of a catalyst sample was uni-
formly dispersed in the base area of a quartz plate and placed in the
central region of a horizontal quartz tube reactor. There, the cata-
lyst was activated at 90Q for 1 h in 100 sccm Hlow and CNTs
were synthesized for 1 h at the growth temperature ofGGaar
20Fe : 20Ni : 60AJO, catalyst and 80T for 15Co : 15Mo : 70MgO
catalyst, respectively, by flowing 10/100 sccm gfiZH,.

Fig. 1. A schematic diagram of the growth reactor for GaN micro- The growth of SiC nanorods was also carried out in the same
crystals and GaN nanowires. RTCVD reactor, according to the following procedure. Prior to the
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growth of SiC nanorods, the Si substrate loaded with 50Fe : 50C 30 E———
catalysts was placed on the base area of a quartz plate and fixed e .l —®—nocalyst g
the central hot region of the horizontal quartz tube reactor. The met: ol
catalysts were activated at S@for 1 h in H flows (100 sccm). E 20
CNTs were grown over the activated catalysts at®d0r 5 min 2 45l
with CH,/H, (10/100 sccm) and subsequently were reacted with 2 .
1.0 sccm tetramethylsilane (TMS) diluted with 200 scenfoHE0 E 1or
min at 1,100C. ¥ sl /
The structural and optical properties of the grown micro- and 55 ol '/,//,/t b
nano-crystals were investigated using scanning electron micros . . .
copy (SEM), X-ary diffraction (XRD), transmission electron mi- 1000 1050 1100
croscopy (TEM), fourier transform infrared spectroscopy (FT-IR), Temperature ( °C)
FT-Raman and photoluminescence (PL) spectroscopy. Fig. 2. The growth rate of GaN micro-crystals as a function of
growth temperature at 1 atm with 50 sccm NH (M: in the
RESULS AND DISCUSSION presence and®: absence of Ni-mesh catalyst).

1. Growth of GaN Micro-Crystals

Fig. 2 shows the growth rate of the GaN crystals as a functionGaN crystal. It is thought that the Ni-mesh catalyst enhances the
of growth temperature in the presence and absence of Ni-mesh catecomposition of NHgas into chemically active nitrogen species
alyst. The growth rate of the GaN crystals increases as the reactiand speeds up the reaction of gallium with;Nid reducing the
temperature rises from 1,000 to 1,10Gnd the dependency of the activation energy, resulting in the increase of the GaN crystal growth
growth rate on the temperature is much more significant in the presate.
ence of Ni catalyst. For 1,100, the growth rate of GaN micro- Crystalline quality of GaN micro-crystals grown using the Ni-
crystals grown in the presence of Ni catalyst is over 9 times highemesh catalyst was investigated by TEM. The GaN crystals were
than those grown in the absence of the catalyst. This result demoigrown at 1,000C and 1 atm with 50 sccm NHFigs. 3(a) and (b)
strates that Ni-metal acts as an active catalyst in the growth of thehow the dark-field micrographs and the corresponding selected

Fig. 3. The dark-field micrographs and the corresponding selected area diffraction pattern (SADP) along the electron beam direati
B=[0110] with the reflection vectors g=0002 (a, c) and g2[ 110] (b, d) for GaN micro-crystals grown (a, b) with and (c, d) withou
Ni catalyst, respectively. The GaN crystals were grown at 1,080 and 1 atm with 50 sccm NHand the GaN nanowires were grown
on Si wafer loaded Ni catalyst at 916C and 1 atm for 5 hr with 20 sccm NH.
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area diffraction pattern (SADP) along the electron beam directiorgrown using the Ni catalyst. The excitation source was the 325-nm
B=[0110] with the reflection vectorg=0002 (a) and}=2110 (b), line of He-Cd laser with a 15 mW power focused to an approxi-
respectively. It should be noted that the crystal is abpot ®ng mately 0.5-mm-diameter spot. The PL from GaN was dispersed and
and 2um wide in size. All the GaN crystals observed in the presentdetected by 1 m double-grating monochromator and a photon count-
study by SADP are identified to have the 2H hexagonal structuréng system, respectively. The PL spectrum measured at 5 K shows
with rod crystal, i.e., the crystal's length and width correspond toa strong band edge emission at the energy position of 3.464 eV, but
the c- and a-axis of hexagonal structure, respectively. Dark fielch deep level yellow emission is almost disappeared as shown in Fig.
micrographs show that the crystal consists of a single crystal with4(a). The full width at half maximum (FWHM) is as low as 52 meV,
out any grain boundary, although some fringes, due to differencethe narrowest for all reported GaN micro-crystals in the previous
of crystal thickness, are observed. Dislocations identified as theeports [Park et al., 1998; Shmagin et al., 1997]. Although not pre-
major defect in epitaxial GaN fims [Cherns et al., 1997] grown on sented in this paper, time-resolved photoluminescence (PL) experi-
various substrates having the Burgers vedtsrd/3[2110], b= ments showed that the characteristic times of the integrated PL in-
[0001] andb=1/3[2113] are not observed from our grown GaN tensity over the whole spectral range of the peakla®2 and2=
crystals. If such dislocations were found in the present GaN crystall09 ps for the catalytically grown GaN micro-crystals, comparable
they should appear with the reflection vector e@€002 [Fig. 3(a)] to the previously reported value for bulk GaN [Hess et al., 1998].
or g=2110 [Fig. 3(b)]. However, this is not the case in the presentThis indicates that transition metal catalysts can be effectively used
TEM micrographs. Thus, it can be concluded that most of the GaNor the growth of high quality semiconductor crystal growth.
crystals exhibit a dislocation free structure, which indicates they2. Growth of GaN Nanowires
experience no strain during the growth process. Shown in Fig. 5 is scanning electron microscopy (SEM) image

For comparison, the dark-field micrographs and the correspondfor GaN nanowires grown on Si(100) wafer loaded Ni catalyst. It
ing SADP for GaN micro-crystals grown without the Ni-mesh cat-
alyst were observed as shown in Fig. 3(c) and (d). It should be note
that the crystal size is greatly decreased compared to sample A, i.i
about 3um long and um wide. Dislocations and other defects
are not observed when imaged with eityre®002 [Fig. 3(c)] or
g=2110 [Fig. 3(d)] as in the crystal observed in Fig. 3(a) and (b).
In Fig. 3(c), lines parallel to the c- and a-axis directions, as well a
steps parallel to the basal plane of the hexagonal unit, are clear
observed (as indicated by arrows). It is assumed that they stem froi
the trace of growth terrace of hexagonal GaN.

PL measurements were performed for the GaN micro-crystal

120000 | (@)

4000

80000

2000 Fig. 5. SEM image for GaN nanowires. The GaN nanowires were
grown at the same condition of Fig. 3.
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Fig. 4. PL spectrums for (&) GaN micro-crystals and (b) GaN nano-  Fig. 6. TEM image and the corresponding SADP for GaN nano-
wires. The GaN micro-crystals and nanowires were grown wires. The GaN nanowires were grown at the same condi-
at the same condition of Fig. 3. tion of Fig. 3.
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is seen that high density GaN nanowires are grown across the $i5 mm-diameter spot. Fig. 4(b) shows a strong band edge emission
substrate. The diameter of the GaN nanowires is in the range of 3@t the energy position of ~3.4 eV, but a deep level yellow emission
50 nm. The growth of GaN nanowires was also carried out in thas negligible. The full width at half maximum (FWHM) is as low
absence of Ni catalyst on Si substrate. But no evidence for the growths 53 meV, better than the previously reported value [Chen et al.,
of the GaN nanowires was found from SEM measurements. Instead001].
of the growth of GaN nanowires, the deposition of hexagonal shaped. Growth of Carbon Nanotubes
GaN crystal particles was observed on the Si surface, as reported Shown in Fig. 7 are the SEM images for CNTs synthesized over
in the previously reported papers [Park et al., 2000]. 20Fe : 20Ni : 60AI0; and 15Co : 15Mo : 70MgO catalysts, respec-
Fig. 6 shows the HRTEM image with SADP for the GaN nano- tively. The average diameters of the CNTs grown over 20Fe : 20Ni :
wires. The resulting nanowires have diameters in the range of 30-560A1,0, and 15Co : 15Mo : 70MgO catalysts are about 20 and 10
nm. No defects between contrast bands are found in the HRTENMm, respectively.
image. The clear lattice fringes in this image confirm that a high The best way to understand about the quality of CNTs is their
quality single-crystal structure of the nanowires is grown when NiRaman spectroscopy measurement. Raman spectroscopy is an effec-
metal is applied as catalysts. Also noted in the image is that théve tool to identify well-graphitized carbon and disordered carbon.
[2110] direction was parallel to the long axis of the wires, indicat- In order to clear the fact, we measured the FT-Raman spectra of
ing that [210] direction is the fast-growth direction for GaN nano- the carbon products using Nd : YAG laser at a excitation wavelength
wires. The inset of Fig. 6 shows a selected-area electron diffractionf 1,064 nm. Fig. 8 shows the FT-Raman spectra for CNTs grown
pattern of the nanowire that can be indexed to the reflection of hexever 20Fe : 20Ni : 60A0; and 15Co : 15Mo : 70MgO catalysts,
agonal GaN crystals along [001] directions. TEM measurementsespectively. Fig. 8(a) clearly show two strong peaks. The peak at
show that most of the wires grow alonglfBiconsistent with earlier  around 1,595 cr(E, mode peak) appeared from the formation of
experimental results [Duan et al., 2000]. well-graphitized CNTs and the other at around 1,285@ymode
Optical properties of the GaN nanowires were measured usingeak) arose from the presence of amorphous carbonaceous prod-
photoluminescence (PL) spectroscopy excited with 325-nm line ofucts with the tubes and disordered carbons [Rao et al., 1997; Choi
He-Cd laser with a 15 mW power focusing to an approximately et al., 2000]. In comparison with the FT-Raman spectra reported
for single-wall hanotubes (SWNTSs) [Rao et al., 1997] and muilti-
wall nanotubes (MWNTSs) [Choi et al., 2000], the presently observed
result for the CNTs grown over 20Fe : 20Ni : 6@|catalyst coin-
cides with that of MWNTSs because thgrode peak has no shoul-
der peaks and no peak for radial breathing mode (RBM) in between
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Fig. 7. SEM images for the CNTs grown over (a) 20Fe : 20Ni : 200 400 600 800 1000 1200 1400 1600 1800 2000
60ALO; and (b) 15Co: 15Mo : 70MgO catalysts. The CNTs
were synthesized for 1 h at the growth temperature of 600
°C for 20Fe : 20Ni : 60A}O; catalyst and 80CC for 15Co: Fig. 8. FT-Raman spectrums of CNTs grown over (a) 20Fe : 20Ni :
15Mo : 70MgO catalyst, respectively, by flowing 10/100 60Al,0; and (b) 15Co : 15Mo : 70MgO catalysts. The CNTs
sccm GHy/H,. were grown at the same condition of Fig. 7.

Raman shift (cm™)
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150-300 cnt.

Meanwhile, the CNTs grown over 15Co : 15Mo : 70MgO cata-
lysts shows the characteristic Raman spectrum of SWNTs, show
in Fig. 8(b). The strong Raman band at 1,595 @wbserved with
three shoulder peaks from the spectrum, as is seen from the typic
Raman spectrum of SWNT. The spectrum also shows peaks fc
radial breathing mode (RBM) in the range of 150-300.drow-
ever, the intensity of peak at 1,285 tarose from MWNTs is al-
most vanished in this case when comparing with that shown in Fig
8(a). In the literature on CNTs work, it has generally been reportec
that MWNTs grow in CVD methods, whereas SWNTs are obtained 2000 1800 1600 1400 1200 1000 800 600 400
by arc-discharge and laser ablation methods. But, recently, som Wavenumber (cm™)
research groups incIL{ding our Iabqrg tory have reported the grOthh—ig. 10. FT-IR spectrums for CNTs (a) and SiC nanorods (b). The
of SWNTs t?y catalytlc' decomposition of hydrocar'bons in CVD SiC nanorods were grown at the same condition of Fig. 9.
reactors. Dai et al. [Dai et al., 1996] have synthesized SWNTs of
1-5 nm diameter by disproportion of CO catalyzed by Mo particles
at 1,200C. Meanwhile, Peigney et al. [Peigney et al., 1997] haveal., 1994]. A strong absorption band at 796'@hFig. 10(b) is due
reported the formation of enormous amount of SWNTs and MWNTsto the C-Si stretching vibration mode in the SiC crystalline phase
of diameter 1.5-15 nm range in ¢H, media using Fe/AD; cata- [Yu et al., 2000]. This also indicates that the SiC nanorods are mainly
lyst. We also proposed the growth of SWNTs over NidApellet produced by the reaction of the CNTs with TMS. Zigzag weak ab-
catalyst fabricated by a mechanically mixing method in a RTCVD sorption bands between 1,450 to 1,650 carrespond to the vibra-
reactor [Mo et al., 2001]. It is currently well established to grow tion of the carbon framework [Tarasov et al., 2001]. A very weak
the SWNTSs using CVD techniques [Alvarez et al., 2001]. absorption band at 1,645 ¢rpresents the existence of excessive
4. Growth of SiC Nanowires carbons in the CNTs having a crystalline graphite structure [Sun et

Fig. 9 shows SEM image for SiC nanorods produced from theal., 1999; Lee et al., 2002]. The intensity of the absorption band at
CNTs grown for 5 min. As shown in the SEM image, a large quantity1,096 cn decreases for the SiC nanorod sample because the Si-O
of straight or curved nanorods grows across the substrate surfadeond in the CNT grown on Si substrate might be consumed by the
The average length and diameter of the nanorods are in the rangesduction with H at higher temperature during the reaction. The
of 1-2um and 110-130 nm, respectively. The metal catalyst tip IR observation manifests that the formation of the SiC nanorods
was observed at the top of CNTs in the inset of Fig. 9, as can bare produced by the conversion of the CNTSs.
seen in the previous work [Kibria et al., 2001]. It seems that the met- Fig. 11 shows the FT-Raman spectrum for SiC nanorods. The
al catalyst tip still remain on the top of the nanorods without a re-CNT related peaks are still observed at 1,295, 1,606 and 2,565 cm
markable change after the SiC nanorod growth. This means thatithough their peak intensities are significantly reduced in the fig-
the growth of the SiC nanorods is due to the conversion of the CNTgyre, which is attributed to the remnant CNTs unreacted completely
but not due to a elongated growth on the metal catalyst tips.  [Zhang et al., 1999]. Besides, the peak intensity at 52becomes

Figs. 10(a) and (b) show FT-IR absorption spectra for CNTs andmnore apparent in the figure. It is thought that these results are caused
SiC nanorods. The Si-Si and Si-O vibration modes, which are obby the continuous conversion of the CNTs into SiC nanorods and
served at 610 and 1,096 ¢horiginate from the Si substrate [Seo et hydrogen etching of carbonaceous species from the Si substrate dur-
ing the reaction. A sharp peak at 940'dmthe longitudinal optical
(LO) mode of the SiC lattice and the peak at 808 isnas the trans-
verse optical (TO) mode. The Raman spectroscopic data indicate
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Fig. 9. SEM images of SiC nanorods with the corresponding CNTs. . g
The SiC nanorods were grown on Fe/Co catalyst loaded Si Raman shift (cm')
wafer by the reaction of CNTs grown for 5 min at 600C Fig. 11. Raman spectrum for SiC nanorods. The SiC nanorods
with TMS/ H , (1.0/200 sccm) for 60 min at 1,10T. were grown at the same condition of Fig. 9.
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agonal GaN single crystal. The GaN nanowires were grown over

400r Si(100) wafer loaded with Ni catalyst. The grown GaN nanowires

’_L,:‘ s00| range from 30 to 50 nm in diameter and were identified to have the

s 6H hexagonal structure with the growth along [2110] direction. CNTs

%’ 2000 were synthesized over 20Fe : 20Ni : 6@land 15Co: 15Mo:

s 70MgO bimetal supported catalysts. It was found that MWNTs were
€ 100t grown over 20Fe : 20Ni : 604D, catalyst, whereas SWNT were

O grown over 15Co : 15Mo : 70MgO catalyst. The average diameter

) of the CNTs ranged from 10-20 nm. This indicated that the selec-

18 20 22 23 32 tion of catalysts was essential to control the CNT structure on pur-

pose. Silicon carbide (SiC) nanorods were grown over on Si wafer
loaded with Fe/Co metal catalyst through a two-step reaction scheme.
Fig. 12. Photoluminescence spectrum of SiC nanorods measured The SiC nanorods grown were identified to8iC. The distri-
at 10 K. The SiC nanorods were grown at the same con-  bution of length and diameter of the SiC nanorods were consistent
dition of Fig. 9. with the starting CNTs.

Photon energy(eV)
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