APPLIED PHYSICS LETTERS VOLUME 76, NUMBER 6 7 FEBRUARY 2000

Selective nucleation and growth of carbon nanotubes
at the CoSi ,/Si interface
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A patterned CoSiVSi substrate was used for the catalytic growth of carbon nanostructures and
nanotubes in the temperature range of 750—800 °C, using acetyjaseéiNeaction mixture flowing
through a quartz tube at ambient pressure. Selective nucleation confined to théSCaSerface

region was achieved. Scanning electron microscopy and transmission electron microscopy were
used to investigate the grown nanostructures.2@0 American Institute of Physics.
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Carbon nanotube€CNTs) discovered by liimd at the  be the industrial route. Recently, the synthesis of SWNTs by
beginning of this decade have remarkable electronic and mex volatile catalyst-based procedure was repofted.
chanical propertie$.Indeed, scanning tunneling spectros- To manufacture devices from carbon nanostructures, two
copy (STS measurements confirmed the theoretical predicdistinct ways may be developedi) to produce large
tions regarding the electronic structure of single-wall carboramounts of nanostructures by a suitable procedure, then to
nanotubes SWNTS.3# More recently, several groups pro- purify and to size select the as-grown material, after which,
duced nanometric field-effect transistor6ET) from by some technique like self-assembly, to deposit in a con-
SWNTs>® and from deformed multiple-wall carbon nano- trolled way the selected nanostructures to the desired loca-
tubes(MWCNTS).® The procedure used to manufacture thesetion; and (i) to grow the carbon nanostructures directly at
nanometric electronic devices consisted of predeposition ahe desired location. The second approach may have several
gold electrodes on a Sisubstrate over which a few drop- advantages: it eliminates time-consuming and costly proce-
lets of a suspension obtained by ultrasonicating a CNT condures, like purifying, size selection, etc., and the not quite
taining material in some organic solvent were deposied. straightforward manipulation of a large number of nanostruc-
After the evaporation of the solvent, a random arrangementures in a reasonably short time. An additional advantage of
of CNTs lays over the gold contacts. CNTs bridging two orthe second approach could be the fact that the contact be-
more contacts were used to demonstrate FET-likaween the CNT and the conducting pad is much less ill de-
operatiore'® However, the large contact resistance arisingfined than compared with the first case.
not only from technological issues but also from the differ- Several attempts have been made to control the nucle-
ences of the basic properties of the CNTs and’Avay  ation and growth site of CNTs. Co thin films evaporated onto
seriously question whether the manufacturing of nanodeviceguartz were patterned by laser ablation. Placing the patterned
via this route will be used in practical applications. Anothersubstrate in a two-zone oven and using Ar as the carrier gas
possible application which seems to turn into industrial de+o carry the decomposition product of 2-amino-4,6dichloro-
vices is the use of carbon nanotubes as electron enfiftErs. s-triazine, the growth of parallel oriented CNTs was ob-

While the growth mechanisms of the CNTSs still remain seryed at the ablated edgésA mixture of FENO,),
unclear, different production techniques have been estabgHzo, MoO,, and alumina was deposited through a mask
lished. Among these techniques, a few have been optimizeghto Si, and the patterned substrates prepared in this way
for the synthesis of SWNTS;*® which are made of one \yere placed in a furnace heated to 1000 °C, and methane was
single rolled sheet of graphene. These methods yield googsed as the carbon source. The growth of carbon nanotubes
quality SWNTSs for scientific purposes but their up-scaling toyyas observed all over the pattéfn.Recently, plasma-
industrial size is not straightforward. CNTs synthesized byannanced hot-filament chemical-vapor deposition of well-
catalytic thermal decomposition of acetylene by Co, or othegyiented carbon nanotubes by using thin films of Ni on glass
supported transition-metal nanoparti¢feis more likely to as catalytic substrates was reportédNone of these proce-
dures seems to be easily compatible with standard microelec-
¥Electronic mail: paul.thiry@fundp.ac.be tronic technologies. The only procedure reported up to now
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FIG. 1. SEM image of the patterned CeSi after the catalytic growth of
carbon nanostructures at 750 1@). Large-scale image; note that nucleation

occurred and growth started only where the GéSi interface was exposed  FIG. 2. Carbon nanotubes grown at 800 f&.SEM image of the Co$iSi

by etching;(b) detail of (&) showing the interface region and carbon nano- interface and tubular nanostructures with typical diameters in the 50 nm
structures with typical diameters in the 500 nm range. region;(b) TEM image of carbon nanotubes separated from the substrate by
ultrasonication in toluene. Note the lightémollow) central channel. The
presence of dust particles in the ima@pongy black materiglis a conse-

for in situ CNT grOWth' under conditions Compatlble with guence of not carrying out the experiments in a clean room environment.

microelectronic technology, is the work of Mao alX® They
used a continuous CosSlayer produced by high-dose ion
implantation into Si. Except the work reported in Ref. 17, themicroscopy(TEM) examination. The suspension was dried
other procedures yielded multiwall carbon nanotubes. In thignto TEM grids covered by amorphous carbon. As shown in
letter, we report on CoS$ipatterns prepared on Si by a suc- Fig. 1(a), the selective nucleation of carbon nanostructures
cession of steps common in microelectronic technology, anwvas achieved. The growth started only in the regions where
used in catalytic growth experiments in a similar experimenthe Si/CoSj was revealed by etching, nucleation was ob-
tal setup as that reported in Ref. 14. Our aim was to achieveerved neither on the Si, nor on the CpSlirfaces. A further
the selective nucleation and growth of carbon nanostructuregbservation is that nucleation was more frequent at straight
and of nanotubes selectively at the CdSii interface. edges as compared with the round features having negative
A 50-nm-thick Co film was evaporated from an e-beamcurvature. The detail in Fig.(th) shows that the average size
heated target onto Si substrates followedrbgitu annealing  of the grown nanostructures is in the range of 500 nm.
at 800 °C for 20 min, to produce a Cg3iim. The patterning The increase of the reaction temperature by 50 °C favors
of the CoSj film was achieved by standard photolitho- the formation of tubular structures, like the ones shown in
graphic techniques followed by ion etching. After the re-Fig. 2@). In Fig. 2b), TEM images are shown for similar
moval of the photoresist, a step height of 160 nm was meastructures where one can clearly observe the hollow core.
sured from the top of the CosSlayer to the Si substrate This offers a possible tool to tune the type of grown struc-
exposed by etching. In this way, the Si/Ce8iterface is tures by changing the reaction conditions and eventually the
“revealed” over the Si surface. The patterned substrategias mixture, too. In the present experiment, we used only
were placed in a quartz-tube reactor in a flow gfihside a  two reaction temperatures separated by 50 °C, however, the
preheated oven at 750 °C. After the temperature of the subleng tubular furnace used to carry out the growth allows an
strates equilibrated with the furnace, acetylene was introaccurate temperature control within 1°C. A more detailed
duced in the carrier gas flowing through the quartz tube. Thexploration of the temperature range of 700—-800 °C could
flow rates were 300 ctN,/min, respectively, 40 cf reveal intermediate structures. In order to control the tube
C,H,/min. The reaction time was 60 min. diameter and chirality, which determine the electronic struc-
After the reaction was completed, the substrates weréure of the carbon nanotubes, further investigations are
examined by scanning electron microscoyEM). The needed. The direction in which the tubes grow may be influ-
grown carbon nanostructures were separated from the sulenced by applying an electric field during the groffior by
strate by ultrasonication in toluene for transmission electrorinvestigating the nucleation and growth of carbon nanotubes
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