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[0 O O Probably the first demonstration of aligned growth was given in 1996 by a Chinesegroup who used a
technigue in which Fe nanoparticles were embedded in mesoporoussilica and then used to catalyse the
decomposition acetylene at 700 ~C [0 3.34[1 . Thisresulted in the formation of straight MWNTSs growing in a
direction perpendicular tothe surface of the silica. It was reported that nanotube arrays of several square
millimetresin area could be grown in this way, and that the arrays could be readily detached from thesubstrate. A
slightly different method was described a short time later by MauricioTerrones and colleagues [0 3.3501 . These
researchers used laser etching to prepare apatterned cobalt catalyst on a silica substrate, which was then heat treated
to break upthe Co films into discrete particles. The patterned catalyst was used to pyrolyse anorganic compound at
950 ~C, resulting in the formation of aligned nanotubes growingapproximately parallel to the substrate. In 1999,
workers from the University of Torontoreported the growth of aligned MWNT arrays up to 100 tm in length by the
pyrolysis ofCzH2 on Co particles within a ‘nanochannel’ alumina template [J 3.360] . At about the sametime,
Hongjie Dai and colleagues from Stanford grew aligned arrays of nanotubes onboth porous silicon and plain
silicon substrates, and demonstrated their field emissionproperties [ 3.3701 . A very popular approach to growing
carbon nanotubes on substrates involves the useof a plasma. The technique of plasma enhanced chemical vapour
deposition O PECVDUI was first used for nanotubes by Zhifeng Ren and his team from the State University ofNew
York in 1998 [J 3.3801 . In this work, the tubes were grown on nickel particlesdeposited onto glass. A DC plasma
was used with acetylene as the carbon source.Ammonia was introduced into the reaction chamber, and appeared
to have an importantrole as a catalyst as well as acting as a dilution gas. Aligned arrays of tubes were formedover
several square centimetres. An SEM micrograph showing the excellent alignmentachieved is shown in Fig. 3.4.
Plasma enhanced chemical vapour deposition had beenwidely used for many years as a method for coating glass
plates and other substrates forapplications in flat panel displays, solar cells or other devices (1 3.3901 . It is widely
used forthe deposition of diamond-like carbon films. A plasma is an excited/ionized gas, and theprocessing
plasmas, usually known as "cold’ plasmas, are generated using DC, RF ormicrowave excitation. When used for
fabricating diamond-like carbon, the role of theplasma is to activate carbon-containing precursor molecules in the
gas phase, in order toallow deposition to occur at a lower temperature. However, it is not entirely clear whetherthis
is always the case for PECVD growth of nanotubes. The alignment that occursduring plasma enhanced CVD is
believed to be due to the presence of the electric field.
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