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In our further investigation on the microfabrication of carbon nanotubes, we found that micropatterns of
perpendicularly alignea@arbon nanotubes can be prepared by simply pressing an adhesively sticky tape (e.g.,
Scotch tape) prepatterned with a nonadhesive layer onto a nonpatterned aligned carbon nanotube film, followed
by peeling off the sticky tape from the quartz substrate in a dry state. In conjunction with the region-specific
surface maodification, this dry contact transfer method has enabled us to produce multicomponent carbon
nanotube micropatterns in which different components are interposed in an intimate fashion, as exemplified
by the newly produced micropatterns with self-assembled nonaligned carbon nanotubes interdispersed into
the discrete areas in the patterned structure of aligned carbon nanotubes.

Carbon nanotubes have been widely investigated for their patterns of theperpendicularly alignectarbon nanotubes can
potential applications in many micro- or nanoscale electronic be prepared by simply pressing an adhesively sticky tape (e.g.,
and photonic devicesThe abilities to manipulate them on a  Scotch tape) prepatterned with a nonadhesive layer onto the
micro- to nanometer scale and to control their interaction with FePc-generated carbon nanotube film, followed by peeling off
and orientation on substrates are paramount to both fundamentathe nanotubes together with the sticky tape from the quartz
characterization and potential applications of carbon nanotubessubstrate in a dry state (hence, we desighated this newly
in advanced optoelectronic devices, including nanotube electrondeveloped method as dry contact transfer Like the wet
emitters, single-molecular transistors, sensors, and sensof-€hips. contact transfer, the dry contact transfer also allows the aligned
During the past decade or so, there has been tremendougarbon nanotubes to be deposited, in either a patterned or
progress in the development of techniques for producing aligned nonpatterned fashion, onto various substrates. Unlike the wet
and micropatterned carbon nanotube§ayan et at* and de contact transfer, however, the dry contact transfer would not
Heer et aP were among the first to align preformed carbon  onjy maximize the retention of the structural integrity of the
nanotubes in polymer matrixes, whereas Xie and co-wotkers perpendicularly aligned carbon nanotubes after the contact
reported in 1996 the first large-scale chemical vapor deposition ansfer but also allow the region-specific interposition of other
(CVD) growth of aligned carbon nanotubes from a mesoporpous component(s) into the discrete areas interdispersed in the

silica tekr:]pla_tg with emblf:ddded ron nanoparticles. These e‘_"‘r“e;patterned nanotube structure, as we shall see later. Just as the
research activities provoked an ever-increasing interest in micro-/jerated circuits have been dispensable to our modern

nar}o{abr]:catlct))n of carl:t)og nanotutfetté:onsqutin&y, a Iar?eb semiconducting industry, the development of carbon nanotube
:r/aar:Ic(ieo)r/n(I) g?’(ren?(g dnng%;Jaﬁ r:(leiir(')r?t?) ((j':‘?esr’evr\:; d'rest'gigofrlcj)rfs micropatterns in which multicomponents are interposed in a
the subs);rat:a surface hav:agsinc:e beerl1 e 6me|qhartlicular controllable fashion could be important to advanced nanotech-
' i 1rep ' nology. In this Letter, we describe a novel approach to the first

we have produced perpendicularly aligned carbon nanotube b . .
multicomponent interposed carbon nanotube micropatterns

array$ and their micropatterns by pyrolysis of iron(ll) phtha- } .
: : prepared by the simple, but very effective, dry contact transfer
locyanine (FeG:Natss, designated as FePc) onto a quartz glass technique involving a region-selective transfer of the FePc-

plate with or without a prepatterned thin polymer lajeBy ted dicularlv-alianed b tub i

separating the nanotube arrays from the quartz substrate in a en?rﬁf perpen 'tct:u ar ﬁ'a '%Te tﬁgr Ion narfmhu $s| onto a

aqueous hydrofluoric acid solution followed by lifting up the coteh tape pre-patierned with a thin layer ot heplylamine-
plasma-treated silver, followed by region-specific adsorption of

substrate-free nanotube film floating on the HF/AH®Iution, . .
we have also demonstrateavat contact transfefechnique for acid-oxidized carbon nanotuB&snto the plasma-treated areas
interdispersed in the patterned nanotube structure.

a patternwise/nonpatternwise transfer of the aligned nanotube
arrays onto various other substratés.our further investigation In a typical experiment, the pyrolysis of FePc was performed
on the microfabrication of aligned carbon nanotubes produced within a Ar/H, flow at 800-1100°C on a dual furnace equipped

by the pyrolysis of FePc, we have recently found that micro- with a quartz glass tube and independent temperature controllers,
according to the method we developed previodshigure 1
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10.1021/jp036191k CCC: $25.00 © 2003 American Chemical Society
Published on Web 10/17/2003



12388 J. Phys. Chem. B, Vol. 107, No. 45, 2003 Letters

Figure 2 shows the steps used for micropatterning the Scotch
tape with a thin layer of silver, the subsequent plasma teatment
of the silver surface, the contact transfer of the aligned carbon
nanotubes, and the region-specific adsorption of nonaligned
carbon nanotubes. To start with, a TEM grid consisting of
hexagonal windows was adhered onto commercially available
Scotch tape (3M, polypropylene-film-supported acrylic adhesive)
as a mask, followed by sputter coating with silver through the
mask (Figure 2a). Thereatfter, the silver-patterned Scotch tape
was subjected to a heptylamine-plasma treatment at 250 kHz,
30 W, and a monomer pressure of 0.18 Torr for 180 s while
the TEM grid mask was kept intact during the plasma polym-
erization (Figure 2a). After careful removal of the TEM grid
(Figure 2b), a SEM image of the plasma-treated silver hexagons
was recorded (Figure 3a). The corresponding energy-dispersive
X-ray (EDX) line analyses of C & and Ag Ko given in Figure
3b clearly show the presence of a thin layer of silver-rich coating
Figure 1. Typical SEM micrograph of the aligned carbon nanotube i, the hexagonal region. This indicates the formation of
film prepared by pyrolysis of FePc. hexagonal silver micropatterns on the adhesive layer of the
S-2150 SEM) image of the resultant carbon nanotube arrays,Scotch tape. Aligned carbon nanotubes were then transferred
showing that thas-synthesizedanotubes align perpendicularly — onto the adhesive-covered area by pressing the Scotch tape on
onto the substrate. To examine the nanotube orientation andthe as-synthesizedligned carbon nanotube film on a quartz
length, part of the carbon nanotube film shown in Figure 1 has plate (cf. Figure 1), followed by peeling off the Scotch tape
been peeled off from the quartz substrate with tweezers. from the quartz substrate (Figure 2c,d). As expected, the
Elsewhere, we have demonstrated that the constituent carbomanotubes underneath the silver-free regions were selectively
nanotubes are well graphitized with ca. 40 layers of graphite transferred onto the Scotch tape as a positive image of the TEM
sheets and an outer diameter of ca. 50'%ms seen in Figure grid (Figure 3c) whereas those covered by the silver-patterned
1, the aligned carbon nanotubes can be spotlessly removed fromareas remained on the quartz substrate as a negative pattern
the substrate by the mechanical force. This finding prompted (Figure 3d). As can be seen in Figure 3c,d, the integrity of those
us to develop the dry contact transfer technique for producing carbon nanotubes (e.g., alignment, packing density) transferred
micropatterns of the aligned carbon nanotubes by region-specificonto the Scotch tape is almost the same as akgrown
transferring them onto a prepatterned Scotch tape. nanotubes remaining on the quartz plate under the present
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Figure 2. Schematic illustration of the procedures for fabricating multicomponent interposed carbon nanotube micropatterns by dry contact transfer,
followed by region-specific adsorption.
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Figure 3. SEM micrographs of the aligned carbon nanotube micropatterns produced by dry contact transfer with a TEM grid consisting of hexagonal
windows as the mask: (a) micropatterned structure of silver on Scotch tape; (b) EDX profiles af £g)kand C Ko (@) (the scanning path for

the EDX line analyses is indicated by the line from A to B in the inserted SEM picture); (c) aligned carbon nanotube patterns after being transferred
onto the Scotch tape (i.e., positive pattern); (d) aligned carbon nanotube patterns left on the quartz plate after the dry contact transééivé.e., neg
pattern).

transfer conditions. However, the newly transferred carbon the acid-treated carbon nanotubes was evidenced by a peak at
nanotubes with a robust aligned and/or micropatterned structure288.8 eV in the XPS C1 spectrum, as previously demonsttated.

are supported by a flexible substrate. The crack edges seen Figure 4a shows a typical SEM image of the aligned carbon

W|th|n(;[hbe hexaﬁon_al ?:jea;s n F_IgurefBr(l: wc_elre, rlnost prﬁbabh/ ' nanotube micropatterns, as the one represented by Figure 3c,
caused by mechanical deformation of the silver layer when the g having been immersed in an aqueous solution of the

overlaying flexible Scotch tape was pressed downward to the COOH-containing carbon nanotubes (1.5 mg/5 mL eBH20

nanotube film during the transfer process. Although some c_areoC) for physical adsorption for 2 h. Though some distortion of
may be needed to prepare the aligned carbon nanotube mlcro-th lianed carb tube mi ttern is ob d (Fi
patterns with interposed crack-free silver patterns on flexible € aligned carbon nanotube micropatlern IS obServes (Figure
Scotch tape, the soft nature of the Scotch tape used for the dry4a) due to possible deformation of the SCOt,Ch tape In watgr,
contact transfer should allow us to develop multicomponent the adsorbed carbon nanotubes are clearly evident by inspection

nanotube micropatterns even for flexible device applications. ©f the plasma-patterned areas of Figure 4a under a higher
To demonstrate the potential of this technique for the magnification (Figure 4b). Figure 4b also shows that both the

development of sophisticated nanotube micropatterns, such ascontact transferred aligned carbon nanotubes and the adsorbed

the multicomponent interposed carbon nanotube patterns, fornonallg_ned carbon nanotubes are well ‘registered in their
certain specific applications, we carried out the region-specific "eSPective areas. Controlled experiments were performed by
adsorption of acid-oxidized nonaligned carbon nanotubes onto2dsorption of the acid-oxidized carbon nanotubes ontathe

the heptylamine-plasma-treated silver surface within the hex- Synthesizedperpendicularly aligned carbon nanotube films
agonal areas in Figure 3c. We have previously demonstrategPefore and after being transferred onto the Scotch tape in a
that the plasma-inducedNH, groups interacted strongly with nonpatterned fashion. Although possible adsorption of the acid-
the —COOH groups of the acid-oxidized carbon nanotules, ©xidized carbon nanotubes onto the pristine aligned nanotube
leading to self-assembling of the acid-oxidized nanotubes onto film cannot be ruled out, adsorption of the highly oxidized
the heptylamine-plasma surfa€elhe COOH-containing carbon  carbon nanotubes onto the pure aligned nanotube film was found
nanotubes used in this study were prepared by acid treatmento be insignificant. Under the present experimental conditions,
(H2SOy, HNO3) of the FePc-generated nanotubes according to the acid-oxidized carbon nanotubes were shown to preferentially
a published proceduf®.The presence of carboxylic groups in  adsorb onto the heptylamine-plasma surface with respect to the
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in this study can be used to prepare multidimensional, multi-
component carbon nanotube micropatterns interposing with
many other materials on various substrates. The conducting
nature of the aligned carbon nanotubes should allow electrical
contacts to be made to and from the component(s) interposed
in the discrete areas surrounded by the aligned nanotube
micropatterns. The demonstration of the formation of multi-
component interposed carbon nanotube micropatterns by the
newly developed micropatterning technique could thus be very
attractive to applications of carbon nanotubes in various micro-
to nanometer scale optoelectronic devices and many other
systems.
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