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Carbon nanotubes are attractive for many potential applica- |
tions}2including new electron field emitters in panel displdys, *wbmizaﬁun
single-molecular transistors in microelectrorficsnolecular-
filtration membrane8,and artificial muscle§.The preparation of [

aligned and/or patterned carbon nanotubes is of paramount

: . . . ! pyrolysis of FePe
importance to the above and many other applications. Aligned

carbon nanotubes have been prepared either by postsynthesis aligned nanotubes —=— Hm" | [ | 4 “

fabricatior or by synthesis-induced alignméhtyhile several

rational approaches have been reported for fabricating micro- _ ) - - .
patterns ofandomly orienteatarbon nanotubesi®Very recently, Figure 1. Schematic representation of the micropattern formation of

two research groups have independently reported the preparatiorligned carbon nanotubes by the photolithographic process.

of carbon nanotube patterns with constituent nanotaigaed
12 i

normal to the substrate surfaée!? In particular, we have Photoresist Used in This Stutlgnd (b) Photochemical

produced patterns of perpendicularly aligned carbon nanotubesgeactions of the DNQ-NovoIak Photoresist
through growth of the nanotubes on a partially masked surface i

Scheme 1.(a) Molecular Structure of the DNQ-Novolak

by pyrolysis of molecules containing both the metal catalyst and
carbon source required for the nanotube growth (e.g., iron(ll)
phthalocyanine, FePéj. We have also developed a contact

printing process for region-specific transfer of a substrate-free —@—t )—6 )-b
aligned nanotube film onto various substrates, including those

which otherwise may not be suitable for nanotube growth at high
temperatures (e.g., polymer film$)As can be seen in both refs

11 and 12, however, the use of physical masks, rather than f
photomasks, with features on the order of-l@0um leads to a ?{j

(a)

rather limited resolution for the resulting nanotube pattéti3.
We report here a novel approach to fabrication of patterns of

perpendicularly aligned carbon nanotubes with resolutions down (bDQN novolak phmo'eml
to um scale by pyrolyzing FePc onto a quartz substrate pre- e eluble
patterned with a photoresist film. ? 0
The use of FePc for producing large-area, aligned carbon o f
nanotubes has been discussed in detail elseviiéieigure 1 @‘
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[ 4 Figure 3. (a) The same SEM micrograph for the aligned carbon nanotube
(b) %, J . micropatterns as shown in Figure 2a, but most of the carbon nanotubes
Figure 2. Typical SEM micrographs of the aligned carbon nanotube Wwere removed for examining the carbonized photoresist layer. (Although
micropatterns produced by contact photolithography with a TEM grid the as-synthesized aligned nanotubes form a cohesive and adhering film
consisting of hexagonal windows as the mask (a) and a photomask ofon the quartz surface, they can be peeled off from the substrate by a
um resolution (b). To demonstrate the possibility of transferring the Scotch tape pre-pressed on the nanotube layer). The arrows indicate the
nanotube pattern with full integrity, the nanotube pattern shown in Figure areas where the carbonized photoresist layer were deliberately removed

2b has been turned over from the quartz suffashich caused the slight (the black arrow points to the part of the carbonized photoresist layer
pull-out seen for some of the carbon nanotubes. which was partially peeled off from the quartz substrate). EDX profiles

the substrate for selectively growing aligned nanotubes in the ©f € Ka (b) and Fe Kt (c) recorded after and before the removal of
photoresist-free regions by pyrolysis of FePc under Aet+-800- _nar_10tubes, respe_ctlvely. The scanning path fo_r the_ EDX line analyses is
1100 °C22 For comparison, we carried out initial experiments ndicated by the line between points A and B in Figure 3a. _
using a TEM grid as #photomask”, which has similar hexagonal ~ the aligned nanotube micropatterns needs to be clarified. Figure
windows to thephysical maskused in our previous study.  3& together with the associated energy-dispersive X-ray (EDX)
Although the nanotube patterns prepared on the quartz plateline analysis of C K (Figure 3b), clearly shows the presence of
masked with the photolithographically patterned DNQ-novolak @ thin layer of pinhole-free, carbon-rich coating in the nanotube-
photoresist shown in Figure 2a is very similar to that in Figure free regions. This indicates the formation of a patterned carbon-
4a of ref 12, it is much more uniform than those produced by black layer onthe quartz plate prepatterned with the DNQ-novolak
physical masking with TEM grids. Using a photomask with photoresist coating upon carbonlzati’gﬁnn addition, the EDX
features opm scalemicropatternsof the perpendicularly aligned  line analysis of Fe K in the same region before the removal of
carbon nanotubes, suitable for device fabrication, are producedc¢arbon nanotubes (Figure 3c) shows a preferential deposition of
as Figure 2b shows aligned nanotube bundles with a diameter ofF€ in the nanotube-covered areas on the photoresist-patterned
a few um. As demonstrated earliét,the constituent straight ~ duartz surface due, most probably, to the localized surface energy
nanotubes have a well-graphitized structure with an outer diametereffect on the nucleation of Fe particleS. As a result, the
in the range of 3555 nm. Both the geometry and the spatial Photoresist-covered regions cannot support nanotube growth,
resolution of the resulting nanotube micropatterns are limited Whereas the photoresist-free areas can effectively stimulate the
mainly by the structure and resolution of the photomask used. 9rowth of the aligned carbon nanotubes. The presence of metal
Owing to the generic nature of the photolithographic technigue, ~ catalysts is known to be mandatory for the nucleation and growth
the micropatterning methodology developed in this study could Of carbon nanotubes by pyrolysis of FePc. _ .
be readily transferred to many other nanotube systems. In summary, we have, for the first time, photolithographically
While the growth mechanism for the aligned nanotubes fabricated micropatterns of perpendmularly aligned carbon nano-
produced by the pyrolysis of FePc has been described previBusly, tube arrays. The nanotube micropatterns thus prepared have an
the governing principle for the photolithographic formation of unprecedentedly high resolution dowrutm scale. This, together
(16) Carbonization of certain polymers has been previously reported with the genqucl .CharaCter of t.he pho;ollthograp.hlc proqess,
(Parthasarathy, R. V.; Phani, K. L. N.; Martin, C. Rdv. Mater. 1995 7, represents a significant advance in the micropatterning of aligned

896 and references therein). Here, we carried out the carbonization throughcarbon nanotubes for device applications, especially as new
sequential heating of the DNQ-novolak photoresist coating at 150, 300, 500, i i i i

750, and 900C for 30 min. Our XPS and EDX analyses on the carbonized g'kegcgt;%qggld emitters in panel displays.

layer indicated the presence of carbon with a trace amount of sulfate, which

may act as the cross-linking sides by decomposition of the DNQ groups. (17) Ohara, P. C.; Gelbart, W. M.angmuir1998 14, 3418.




