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SiC nanowires are grown by a novel catalyst-assisted sublimation-sandwich method. This involves
microwave heating-assisted physical vapor transport from a “source” 4H-SiC wafer to a closely positioned
“substrate” 4H-SIiC wafer. The “substrate wafer” is coated with a group VIII (Fe, Ni, Pd, Pt) metal
catalyst film about 5 nm thick. The nanowire growth is performed in a nitrogen atmosphere, in the
temperature range of 165A750°C for 40 s durations. The nanowires grow by the vagauid—solid
(VLS) mechanism facilitated by metal catalyst islands that form on the substrate wafer surface at the
growth temperatures used in this work. The nanowires ar80@m long. Electron backscatter diffraction
(EBSD) and selected area electron diffraction analyses confirm the nanowires to crystallize with a cubic
3C structure of 3C-SiC. EBSD from the nanowire caps are indexed %, i¢isSi, PdSi, and PtSi
phases for the nanowires grown using Fe, Ni, Pd, and Pt as the metal catalysts, respectively. The nanowires
are found to grow along thel12directions, as opposed to the commonly obsemgdlIdirections.

The micro-Raman spectra from single nanowires indicate regions with varying compressive strain in the
nanowires and also show modes not arising from the Brillouin zone center, which may indicate the
presence of defects in the nanowire.

Introduction have been applied to synthesize SiC nanowires using physical

. . _evaporatior!, chemical vapor depositiott!° laser abla-
Over the past decade, one-dimensional (1-D) and quasi,. . .
P (1-D) q n>1112and various other techniqués??

1-D semiconductor nanostructures, such as nanotubes ané10 ) . )
nanowires, have attracted special attention due to their high [N this article, we report on the growth of 3C-SiC
aspect and surface to volume ratios, small radius of curvatureN@nowires by a novel catalyst-assisted sublimation-sandwich
of their tips, absence of 3-D growth related defects such asMethod. For heating, an ultrafast microwave heating tech-
threading dislocations, and fundamentally new electronic Nique developed by LT Technologies is employed. Different
properties resulting from quantum confinemé&atThese morphologlles of qu_a3|.1—D SiC nanostructures are grown
nanostructures can be used as building blocks for future Py @ppropriately adjusting the process parameters. The as-
nanoscale electronic devices and nano-electromechanicaf™Wn nanowires are characterized using field-emission
systems (NEMS), designed using a bottom-up appréatch.
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ties in fabricating nanoelectronic devices for chemical/ 370.
biochemical sensing, high-temperature, high-frequency, and(*1) gh': W-?ghezngdgégpgg%é“-? Wang, N.; Lee, C. S.; Lee, S.Am.
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(a) Infrared (B) Description 01_‘ the Se_tndv_vich Cell for _SiC Nanowire
Vacuum- \L Growth. The “san_dW|ch cell” in Figure 1b consists of two parallel
environmental pyrometer 4H-SiC wafers with a very small gapd", between them. The
chamber T Viewnort PC based| bottom wafer in Figure 1b is semi-insulating SiC, which will be

\ U p me‘?s““:z:‘t‘:ol referred to as the “substrate wafer” hereafter. The inner surface of

To ‘ :;stem the substrate wafer is coated it 5 nmlayer of Fe, Ni, Pd, or Pt

vacaum \ [ i'“| that acts as a catalyst for the VLS growth of SiC nanowires. The

pump [ N 3 top wafer in Figure 1b is a heavily n-type (nitrogen-doped) in situ
Substrate doped SiC, which will be referred to as the “source wafer”. As
External % shown in Figure 1b, the microwave heating head is placed around
vapor— ] $a Variable the sandwich cell. Due to the difference in electrical conductivity
source 2 ' frequency, of the source wafer and the substrate wafer, at a given microwave
d Microwave So!id'm‘e power, the source wafer temperature is higher than the substrate
Source heating microwave wafer temperature, resulting in a temperature gradisfitpetween
wafer head power source the two wafers. When the Si- and C-containing spetieasich as
Si, SiG, and SjC, sublimate from the source wafer at temperatures
(b) Cylindrical microwave >1500°C, the temperature gradieT creates the driving force
heating head for transporting these species to the substrate wafer. On the substrate
wafer surface, the metal film is either already molten at the growth
Source temperature or it melts after absorbing the Si species and forms
Wafer spherical islands to minimize its surface free energy. The Si- and
T1°C C-containing vapor species are absorbed by these metal islands,
=(T2+AT) Gap = converting them into liquid droplets of metabi—C alloys. Once
p=d . . ; . L .
AT=TL.T2 this alloy reaches a saturation point for SiC, precipitation of SiC

Substrate (150 - 250°C) occurs at the liquigtsubstrate interface, thereby leading to a VLS

Wafer at —— growth of the SiC nanowireX.The nanowires always terminate in

T2°C hemispherical metalSi alloy endcaps. While Group VIII metals

— facilitated the growth of SiC nanowires, Au was unsuccessful as a
Sublimation of Growth of SiC nanowires on the catalyst in our process. We were unable to detect any traces of Au
SiHSICH+S1,C substrate Wafer on the sample surface during a postgrowth SEM/EDAX inspection

) from the som,e wafer ) ) due to its possible evaporation at the growth temperature. In this
Figure 1. (a) Block diagram of the microwave-based SiC nanostructure

processing system. (b) Schematic of the sublimation-sandwich cell used to paper, We_‘ maln!y present th_e results obtained using Fe as a metal
grow SiC nanowires. catalyst since SiC growth using other Group VIII metals produced

similar results.

scanning electron microscopy (FESEM), energy dispersive  The process used in this work for growing SiC nanowires is based
X-ray spectroscopy (EDAX), X-ray diffraction (XRD), ona well-known (sublimation-sandwich) technique used for grow-
electron backscattered diffraction (EBSD), transmission ing SiC thin films. The sandwich cell used in this study is a nearly

electron microscopy (TEM), and micro-Raman spectroscopy. &105€d system because of the small gap between the source and
substrate wafers, which allows precise control over the composition

of the vapor phase in the growth cell. At the same time the system
is open to the species exchange between the sandwich growth cell
(A) Description of the Solid-State Microwave Heating System. ~ and the surrounding environment in the chamber. By appropriately
A detailed description of the solid-state microwave heating 2djusting the composition of the precursor species in the vapor,
system used in this work is provided elsewh&®his microwave this approach can be used to control the doping levels and the
heating system was primarily designed for postimplantation an- Polytype of the nanowires. A lot of research has already been
nealing of ion-implanted Si€25 A block diagram of the performed on growing specific polytypes and on controlled doping
microwave heating system and a typical “sandwich” cell employed of SiC films grown by the sublimation-sandwich method used in
in this work for SiC nanowire growth are schematically presented this study:®2? Yet another novel feature is the wide range of
in Figures 1a and 1b, respectively. The microwave system (see!@Mmperature ramping rates (up to 10@s) that are possible using
Figure 1a) is divided into three main parts: (1) a variable frequency, the microwave heating system used in this study.
solid-state microwave power source, (2) a microwave heating (C) Experimental Parameters Related to SiC Nanostructure
head to couple microwave power to the targeted 4H-SiC wafer, Growth. The substrate wafer temperature window for growing SiC
and (3) a measurement system to measure and control the targepanostructures was 1554750 °C. In this growth method, the
temperature and power output of the microwave source. With use precursor Si- and C-containing species sublimate from the source
of this system, SiC wafers can be heated to ultrahigh temperatureswafer. Significant sublimation of Si and C species from a SiC wafer
in excess of 2000C in just 3 s. The cooling rates are also very requires temperatures1400 °C (at 1 atm pressure). Therefore,
high (=400 °C/s). the growth temperatures used in this work are higher than those

Experimental Details

(23) Sundaresan, S. G.; Rao, M. V,; Tian, Y. L.; Schreifels, J. A.; Wood, (26) Drowart, J.; de Maria, Gl. Chem. Phys1958 29, 1015.

M. C.; Jones, K. A.; Davydov, A. VJ. Electron. Mater.2007, 36, (27) Wagner, R. S.; Ellis, W. CAppl. Phys. Lett1964 4, 89.
324. (28) Segal, A. S.; Vorob'ev, A. N.; Karpov, S. Yu.; Mokhov, E. N.; Ramm,
(24) Sundaresan, S. G.; Rao, M. V.; Tian, Y. L.; Ridgway, M. C.; Schreifels, M. G.; Ramm, M. S.; Roenkov, A. D.; Vodakov, Yu. A.; Makarov,
J. A.; Kopanski, J. JJ. Appl. Phys2007, 101, 073708. Yu. N. J. Cryst. Growth200Q 208 (1—4), 431.
(25) Sundaresan, S. G.; Rao, M. V.; Tian, Y. L.; Zhang, J.; Schreifels, J. (29) Karpov, S. Yu.; Makarov, Yu. M.; Mokhov, E. N.; Ramm, M. G;
A.; Gomar-Nadal, E.; Mahadik, N. A.; Qadri, S. BSolid-State Ramm, M. S.; Roenkov, A. D.; Talalaev, R. A.; Vodakov, Yu.A.

Electron, in press. Cryst. Growth1997, 173 408.
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typically employed=22 for SiC nanowire growth (10061200°C) -
since they do not employ sublimated Si- and C-containing species
from a SiC wafer as the source material. The growth is performed
for time durations of 1540 s. TheAT between the source wafer
and the substrate wafer is varied from 150 to 280by varying

the spacingq) from 300 to 600um. All the growth experiments
are performed in an atmosphere of UHP-grade nitrogen. Growth §
was also attempted in other inert gases such as Ar, He, and Xe,
but they were found to ionize due to the intense microwave field
in the growth chamber.

(D) Details Related to Material Characterization Apparatus
Used in This Work. An Hitachi S-4700 field emission scanning :
electron microscope (FESEM) was used for studying the surface &
morphology of the SiC nanowires. An EDAX attachment to the &

S-4700 microscope was used to determine chemical composition, g&® I Vo
and a HKL Nordlys Il EBSD detector attached to the S-4700 SSSSSWEREEEg RESgEs e
microscope was used to collect the electron backscatter diffraction LS SEEa VU VS eSS ORRIY. o Al

(EBSD) patterns. X-ray diffraction was performed using a Bruker Figure 2. FESEM image of SiC nanowires grown & = 1700°C and
D8 X-ray diffractometer equipped with an area detector. Samples AT = 150 °C for 40 s.
for transmission electron microscopy (TEM) were prepared by
dispersing nanowires on lacey carbon-coated copper grids. Thedifferent growth conditions. FOAT = 150 °C, substrate
samples were examined in a Philips CM-30 TEM operated at 200 wafer temperatures in the range of 155650°C for 15 s
kV. Samples for micro-Raman spectroscopy were prepared by to 1 min durations yielded mainly cone-shaped quasi 1-D
dispersing the SiC nanowires on arplane sapphire substrate. SjC nanostructures (Figure 3a) which are®um long,
Ramap spectra were thaineq with.514.5. nm excitation (grgon ion\whereas substrate wafer temperaturdg50°C for the same
laser) in a backscattering configuration using a custom-built Raman q, -aions resulted in micrometer-sized SiC deposits (not
microprobe system. Incident laser radiation was delivered to the “ ” P
microprobe using a single-mode optical fiber, resulting in depo- Sho_wn)'. The nan_ocones shown n Elgure 3_a taper off along
larized radiation exiting the fiber (no subsequent attempt was madethe'r fax's from thick catalytlc_metal tips. Th_'s suggests that
to polarize the radiation). Radiation was introduced into the the diameter of the droplets increased during the growth of
microscope optical path using an angled dielectric edge filter in the cones. The diameters of their thin ends are abou800
the so-called injectionrejection configuration. Collected scattered nm, while the broad portion at the top just under the catalytic
radiation was delivered to a 0.5 m focal length imaging single metal tips range from 100 to 200 nm. The fact that the
spectrograph using a multimode optical fiber. A 30Mfinity- diameter of the cones increases with growth duration must
corrected microscope objective was used for focusing incident mean that there is an Oswald ripening effect; i.e., the metal
radiation and collecting scattered radiation. Power levels at the js transferred from the smaller diameter droplets to the larger
sample were<1.6 mW. Light was detected with a_back-illuminated, diameter ones, possibly via surface diffus®rithe short
charge-coupled device camera system operating3@t °C. The length of the cones results from a relatively low SiC growth
instrumental band-pass (fwhm) was approximately 3.1%cm rate for the experimental conditions under which the cones
are grown. Thus, the surface diffusion length for the liquid
metal to flow from the smaller diameter droplets to the larger
(A) Morphology and Chemical Composition of SiC ~ diameter droplets is short.
Nanowires. We observed a very narrow range of both  Increasing theAT to 250°C (by increasingl from 300 to
substrate temperaturds (1650-1750°C) and AT (=150 600um) at aTs of 1700°C resulted in mainly needle-shaped
°C) for the growth of SiC nanowires with parallel sidewalls. SiC nanostructures (Figure 3b), which are-8@0 um in
A plan-view FESEM image of the nanowires grown at 1700 length. These needles are narrow under the catalytic metal
°C for 40 s is shown in Figure 2. The growth and structural tips. It is obvious that the diameter of the metal droplets
characterization of these nanowires, which are-30 um catalyzing the needle growth decreases with growth duration.
long, are the main focus of this article. Typical 3C-SiC Because the source wafer temperature for needle growth
nanowire lengths reported in the literattr@ range from (1900-2000 °C) is the highest among the temperatures
as short as um to as long as several millimeters. The explored in this work, it is possible that the metal droplets
nanowire diameters in this work are in the range of-380 evaporate during crystal growth due to high temperatures in
nm. EDAX analysis of the nanowires indicates that they the vicinity of the droplets. The much longer needles (in
mainly consist of Si and C with traces of nitrogen. The likely comparison with the cones) also present a greater surface
source of this nitrogen is believed to be the ambient diffusion length for the liquid metal to flow between droplets,
atmosphere; however, the source wafer is also doped withwhich possibly inhibit significant surface diffusion of the
nitrogen (1 x 10 cm™3). The exact mechanism of the metal.
accommodation of nitrogen in SiC requires further investiga- (B) Crystallography of the SiC Nanowires. A 6—26
tion. EDAX spectra indicate that the droplets at the nanowire xRp spectrum acquired from the SiC nanowires is shown
tips consist of the corresponding catalyst metal and Si.
In addition to SiC nanowires, growth of cone-shaped and (30) Hannon, J. B.; Kodambaka, S.: Ross, F. M.; Tromp, RNdture
needle-shaped SiC nanostructures was also observed under = 2006 440, 69.

Results and Discussion
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Figure 3. (a) Cone-shaped SiC nanostructures growfsat 1600 °C
and AT = 150 °C. (b) Needle-shaped SiC nanostructures growmsat
1700°C andAT = 250°C.
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Figure 4. 6—20 X-ray diffraction spectrum from as-grown SiC nanowires.
SF refers to the XRD peak due to the stacking faults in the nanowires.

Figure 5. (a) FESEM image of a SiC nanowire harvested on a heavily
doped Si substrate. (b) EBSD pattern from the nanowire indexed to the
3C-SiC phase. (c) EBSD pattern from the nanowire tip indexed 18iFe

in Figure 4. The only phase that could be indexed from the  gggp patterns from the SiC nanowire and catalytic cap
spectrum corresponds to 3C-SiC, which indicates that the shown in Figure 5a are presented in Figures 5b and 5c,

nanowires grown in this work belong to the 3C- polytype of yegpectively. The EBSD pattern from the nanowire was
SiC. The peak at 33%4s typically observed in XRD spectra

from 3C-SiC powder and nanowires. This peak has been (31) Koumoto, K.: Takeda, S.; Pai, C. H.. Sato, T.: YanagidaJHam.
traditionally associated with stacking faifsn 3C-SiC. Ceram. Soc1989 72, 1985.
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successfully indexed to 3C-SiC and not one of the hexagonal
variants (2H, 4H, etc.) or rhombohedral variants (e.g., 15R).
This distinction relies on the presence and/or absence of
relatively weak lines in the EBSD spectra, but the result was
unequivocal. The growth direction of the nanowire was
identified as[112) which is in contrast to th€l11growth
direction commonly observed for 3C SiC nanowités?? It

is interesting to note here that the SiC nanowire does not
show any homoepitaxial relationship with the (0001)-oriented
4H-SiC substrate wafer. We have attempted nanowire growth
experiments, where a c-sapphire sample was used as thi
substrate wafer instead of the 4H-SiC sample. We were still
able to grow SiC nanowires, which grow along g 2]
direction. This was confirmed by EBSD patterns (not shown).
The EBSD pattern from the catalytic tip of the SiC nanowire,
which clearly shows the 6-fold symmetry about thaxis,

was indexed according to the hexagonajStegphase. One

of the reasons as to why thd121growth direction is
preferred for the SiC nanowires grown in this work over the
commonly reported111direction could be the very high
temperatures (16501750°C) used in this work for nanowire
growth. At lower temperatures<(L500 °C), [1110appears

to be the preferred growth direction for SiC nanowit&$?

At higher temperatures>(1500°C), the nucleation rate for
the sphalerite (zinc-blende) structure along directions normal
to lower atomic density planes such{dd(® and{112 has
been known to be faster thgdri11}, possibly due to the
higher desorption rate of species from higher atomic density
planest®

The occurrence of different SiC polytypes dependent on
the temperature has been studied in sublimation experiments
under near-equilibrium conditior3. Factors affecting th.e Figure 6. EBSD patterns from the catalytic tip of the SiC nanowires grown
crystal polytype are the temperature and the pressure in thesing (a) Ni catalyst. EBSD pattern indexed taSli(b) Pd catalyst. EBSD
growth chamber, the polarity of the seed crystal (in seeded pattern indexed to B8i. (c) Pt catalyst. EBSD pattern indexed to PtSi.
sublimation growth), the presence of certain impurities, and
the Si/C ratio. Under more Si-rich (C-rich) conditions the
formation of the cubic (hexagonal) polytype is obser¥ed.
Nucleation far from equilibrium conditions has been gener-
ally found to produce the cubic polytyg&3¢ This is
supported by nucleation theory. Since, in our experiments,
we have Si-rich precursor species, and nucleation possibly ) o
occurs far from equibrium conditions (due to the rapid - 9ure T Representatyeloy seiected wea stcton dfracton paters
growth rate), the growth of 3C-SiC is to be expected from to the F-centered cubic 3C-SiC unit cell.
the above considerations.

Figures 6a, 6b, and 6¢c, respectively, and were indexed to
As mentioned before, SiC nanowire growth was success-NisSi, PgSi, and PtSi phases, respectively. It should be
fully performed by using other Group VIII metal catalysts pointed out that we observed a much higher density of
such as Ni, Pd, and Pt, in addition to Fe. In each case, thenanowires in comparison with other 3-D deposits for the
EBSD patterns from the nanowires were indexed to 3C-SiC growth performed using Fe, Ni, and Pd. We were still able
and the growth direction of the nanowire was identified as to grow SiC nanowires using Pt, but the yield of the
parallel to the [1121 crystallographic directions, which  nanowires in comparison with that of the other 3-D deposits
indicates the uniquel12growth direction observed for SiC  was much lower. This can be possibly attributed to the higher
nanowire growth in this work does not depend on the metal melting point of the P£Si alloys compared to other metals
catalyst used for the growth. EBSD patterns from the endcapsused in this work.
of the nanowires grown using Ni, Pd, and Pt are shown in  Selected area electron diffraction patterns (Figure 7)
recorded from 10 nanowires were all consistent with a cubic

(32) Knippenberg, W. FPhilips Res. Repl963 18, 161. 3C-SiC structure. The growth direction is paralleldd 2]
(gi) Smuri,y:;CThakei, Ié l;lukléda,R 135)2- J. éppl- F’hsyscllggﬁ %i. %ég as was inferred from the nanowire projections in several zone
235; Liﬁgﬁhm'ﬁongergf L bracrt W RWE;.hyiljaFr{né. 801998157 5017 axis orientations, which is consistent with EBSD results. At

(36) Tairov, Y. M.; Tsevtkov, V. FJ. Cryst. Growth1981, 52, 146 least two different types of SiC nanowires were observed
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) ) ) ) ) Figure 9. Micro-Raman spectrum from an isolated SiC nanowirezd O
Figure 8. Diffraction contrast TEM images of two types of 3C-SiC  refers to transverse optical phonon scattering from the Brillouin zone center
nanowires. (a) Twinlike defects are observed on different sefslbf} (k = 0) point. TQeo refers to transverse optical phonon scattering from
planes. The twinning was confirmed through the selected area electron non zone centerk(= 0) points. Such scattering is forbidden in a perfect

diffraction patterns (not shown). (b) High incidence of planar defects parallel single crystal but can be activated by the presence of defects which destroy
to {111} planes along the wire axis. These defects produced streaks of translational symmetry of the crystal.

diffuse intensity along thél110direction in electron diffraction patterns. . .
v along P phonon modes. In Figure 9, the800 cnt! feature is

under TEM. Diffraction contrast TEM images representative COmposed of at least two peaks with center wavenumbers
of these two types of nanowires are shown in Figure 8. The Of 794 and~810 cnt* (obtained by performing a peak
nanowire shown in Figure 8a exhibits twinning on four deconvolution assuming only two peaks). In contrast, the
nonequivalent{ 111} planes, with the growth direction bulk 3C-SiC Raman spectrum exhibits only one TO phonon
switching among th&l12directions in these planes-{0° mode at 796 cm'.**#¢ Hence, the appearance of the two
apart), which creates an impression of nanowire bending. TO phonon modes in Figure 9 indicates the presence of
The nanowire shown in Figure 8b is relatively straight but regions with different crystalline properties. Since the
features a high incidence of plangt11} defects (presum- diffraction technique results rule out the presence of any SiC
ably, stacking faults and/or twins) parallel to the growth axis. Polytypes besides 3C-SiC, the observation of two TO phonon
It must be pointed out that even though we show an image Modes is attributed to the presence of regions under different
of a thin (50 nm diameter) straight nanowire and a thick degrees of strain. A nanowire TO phonon wavenumber of
(500 nm diameter) bent nanowire in Figure 8, the nanowire ~794 cnTt is comparable to the reported bulk 3C-SiC TO
diameter has no bearing on whether a nanowire is straightPhonon wavenumber while a nanowire TO phonon wave-
or bent. Thick, straight nanowires and thin, bent nanowires Number of~810 cn* is significantly higher than the bulk
have also been observed. value. Assuming that strain is the cause of the wavenumber
It is common to observe planar defects (stacking faults shifts, this result indicates that if strain exists in the region
and twins) that reside on (111) planes in 3C-SiC nanowires. from which the~794 cnt* TO phonon mode scattering
Moreover, these planar defects are not unique to the VLS originates, the degree is significantly less than that present
grown wires and were also observed in wires grown through in the region from which the=810 cnt* TO phonon mode
VS mechanism®? Since an-SiC phase with a hexagonal scattering originates. The reason for the difference is
or rhombohedral structure has not been observed in twinnedunknown. It is possible that either the low-strain region grows
NWs, the twinning may not be due to a phase transformation with a lower defect concentration than the high-strain region
twin3” but rather due to a growth twif.It is noteworthy or that the defect concentration is high enough to lead to
that formation of twins are observed in only SiC nanowires strain relaxation in the low-strain region. It has been reported
and not SiC whiskers (with micrometer diameters), which that compressive strain in 3C-SiC grown on TiC results in a
possess stacking faults but not twiisStresses generated relatively large increase in the SiC TO phonon wavenumber
at the curved surfaces of the NWs, which would be expected (from ~5 to ~6 cm™).% Thus, the relatively large shift of
to be significant as the diameter approaches the nanometeth®~810 cm™* peak compared to the bulk TO phonon mode
scale, are believed to be the principal driving force for the iS attributed to the presence of compressive strain. A likely
formation of the twins (Figure 8a) observed in the SiC Cause of the strain is the presence of planar defects in the
nanowire<2 nanowires, as identified by TEM. For 3C-SiC nanowires with
(C) Raman Study of the SiC NanowiresFigure 9 shows the growth axis parallel to thel11direction, the reported
the Raman spectrum of a representative isolated SiC nanowRaman spectra obtained in the same scattering geometry as
ire. The most intense feature in Figure 9 is observedai0
cm % Based on the diffraction technique results and previ- Ei% E:ggnggg j ggzg:g: %h@?'R%helaméo%%(z%(,)elglzgo}f??‘l'
ously reported SiC nanowire Raman spettré this feature (42) Li, . J.; Zhang, J. L.; Meng, A.; Guo, J. Z. Phys. Chem. R00§

. . o ; 110, 22382.

is attributed to 3C-SiC zone center transverse optical (TO) (43) Feldman, D. W.: Parker, J. H., Jr: Choyke, W. J.; PatrickPhys.
Rev. 1968 173 787.
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utilized in this work are in general agreement with the Conclusions
spectrum shown in Figure 9, i.e., a relatively intense TO
phonon mode, other weaker modes, and no intense longi-
tudinal optic (LO) phonon mod®: 4446 However, to these
authors’ knowledge, no splitting of the TO phonon mode
has been previously reported, which is in contrast to the

In summary, a novel technique for the controlled rapid
growth of quasi 1-D nanostructures of 3C-SiC using various
Group VIII transition metal catalysts has been developed.
The experimental parameters that dictate the growth of
faceted nanowires (with straight sidewalls), nanoneedles, and

present work. It is not known whether the absence of an X ) : i >
observed TO phonon mode splitting in previous reports is nanocones (with tapering sidewalls) have been identified.
The nanowires, which are the focus of this article, are found

due to inadequate spectral resolution (the spectral resolution X .
is not always reported) or is a consequence of the use oft0 grow by the VLS mechanism at substrate temperatures in

different growth processes in previous investigations. the range of 16581750°C, for growth durations of 1540

The features atv480 to ~640 cnt? (broad), ~820 to S, along _thd:LlZ]crystalIographlc directions. TEM §tud|es
~980 cnr (broad), and756 cnt! (shoulder) in Figure 9 have |nd.|catled the presence of two_typgs of nanowires: one
are attributed to defect-induced acoustic (transverse andlYP€ maintains a constant growth direction and another type
longitudinal) phonon mode scattering, longitudinal optical Teduently changes its growth direction by twinning. Also,

(LO) phonon mode scattering, and TO phonon mode several stacking faults running along the length of the
scattering, respectively, from throughout the Brillouin Nanowires have been identified. Raman spectra of the SiC

z0ne?3444748 |n pure, perfect crystals, only zone center nanowires, in addition to confirming the 3C-polytype, also
optical phonon modes should be allowed for the scattering indicate the presence of regions exhibiting different compres-

conditions employed in this work. However, this restriction SIV€ Strain in the nanowire as well as non-Brillouin zone

can be relaxed due to the presence of defects which destro;?e”ter modes. EIectnch characten;atmn of the nanowires
translational symmetr§. The resulting Raman spectrum S Underway to determine the doping concentration (and
exhibits features of the phonon density of states rather thanyP€), resistivity, and other transport properties of the

only zone center phonon modes. The weak peak at 41F cm "anowires.

originates in the sapphire substfit®en which the SiC _
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