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Efficient catalytic growth of multi- or single-walled carbon nano-tubes using a chemical
vapor deposition (CVD) method offers much promise for their high-yield fabrication. The
exact mechanisms of catalysis are relatively poorly understood, but strong variations in
growth rates are observed with changes in catalyst composition. A continuous
composition-spread (CCS) approach offers an efficient route towards the optimization of
catalyst composition and allows us to probe a much larger number of metal combinations
than possible in single-sample techniques. Here we present a Pulsed-Laser Deposition
(PLD) based approach for metal catalyst film deposition (including Fe, Mo, Pt, etc.) in
which sub-nanometer thick "wedge-shaped" layers of various metals can be deposited
with great accuracy and control. The approach is based on the translation of the substrate
behind a slit-shaped aperture through which deposition occurs at precisely pre-
determined positions, yielding controlled thickness gradients over cm-scale distances.
Simultaneously deposited, much thicker reference layers allow us to accurately determine
the actual amount of material deposited for each sample. Catalyst layers deposited on Al-
coated Si wafers were then used to obtain dense forests of vertically oriented multiwalled
carbon nanotubes (VA-MWNT) using high temperature annealing of the metal catalyst
films in flowing Ar/H2 gas followed by the growth of VA-MWNTs by CVD using C2H2
gas. Nano-tube growth rates (and thus catalytic activity) were determined from cross-
sectional scanning electron microscopy (SEM) images. In the case of Al/Fe/Mo on Si, the
optimized catalyst composition yielded a VA-MWNT forest with a thickness of 850 um
for a 1-hr growth time. Our results show that for certain combinations of catalyst films,
optimization of nano-tube growth requires sub-monolayer control in the deposition of the
metallic layers.
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