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S
ingle-walled carbon nanotubes
(SWNTs) have demonstrated their
unique electrical properties as compo-

nents in single-electron1 and field-effect
transistors,2�4 chemical sensors,5�7 and
transparent electronics.8�10 Engineer-
ingthese carbon nanotube-based de-
vices requires further fundamental stud-
ies on SWNT charge transport
properties11,12 and their dependence on
device configuration.13 The conventional
method of fabricating single nanotube
devices for such studies has been
electron-beam lithography;2,14�16 however,
exposure to electron irradiation can dam-
age SWNTs,17�21 thereby preventing mea-
surement of intrinsic properties. This paper
introduces an alternative method for fabri-
cating SWNT devices via dip-pen nano-
lithography (DPN), a scanning probe-based
technique that combines the nanoscale
resolution of electron-beam lithography
with the direct-write capability of microcon-
tact printing.22,23 The versatility of DPN is
evidenced by its wide range of inks, such
as the seminal and widely used
alkanethiols,24�27 conducting polymers,28�30

biological molecules,31�35 and metal
nanoparticles.36�41 This work applies DPN
toward patterning electrical contacts in
nanoelectronic devices. The advantages of
such an approach include selective place-
ment and design of electrical contacts, tar-
geted device fabrication (versus random se-
lection as in electron-beam lithography of
predefined contacts), minimal damage dur-
ing the fabrication process (no electron irra-
diation), and imaging SWNTs and pattern-
ing contacts in one system under ambient
conditions.

DPN of 16-mercaptohexadecanoic acid
(MHA) has been used to generate an etch-

resist layer on Au films for patterning Au
nanostructures on silicon.42�48 This paper
optimizes the aforementioned MHA-
masking method toward fabricating Au
contacts to arbitrary arc-discharge SWNTs.
Arc-discharge SWNTs were used due to
their bulk production and solution process-
ability being relevant to electronic applica-
tions. Au was used as the electrically con-
tacting material and has been shown to
make ohmic contact to carbon nanotubes
operating as p-type transistors.49 MHA re-
mains on the Au contacts after fabrication
and may affect the electrical characteristics
of SWNT devices;50 however, the MHA may
be removed by annealing the substrate at
sufficiently high temperatures51 or by
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ABSTRACT This paper discusses a method for the direct patterning of Au electrodes at nanoscale resolution

using dip-pen nanolithography, with proof-of-concept demonstrated by creating single-walled carbon nanotube

devices. This technique enables insight into three key concepts at the nanoscale: using dip-pen nanolithography as

an alternative to electron-beam lithography for writing contacts to carbon nanotubes, understanding the integrity

of contacts and devices patterned with this technique, and on a more fundamental level, providing a facile method

to compare and understand electrical and Raman spectroscopy data from the same isolated carbon nanotube.

Electrical contacts to individual and small bundle single-walled carbon nanotubes were masked by an alkylthiol

that was deposited via dip-pen nanolithography on a thin film of Au evaporated onto spin-cast, nonpercolating,

and highly isolated single-walled carbon nanotubes. A wet Au etching step was used to form the individual devices.

The electrical characteristics for three different single-walled carbon nanotube devices are reported: semimetallic,

semiconducting, and metallic. Raman analysis on representative devices corroborates the results from AFM

imaging and electrical testing. This work demonstrates a technique for making electrical contact to nanostructures

of interest and provides a platform for directly corroborating electrical and optical measurements. The merits of

using dip-pen nanolithography include flexible device configuration (such as varying the channel length and the

number, size, and orientation of contacts), targeted patterning of individual devices with imaging and writing

conducted in the same instrument under ambient conditions, and negligible damage to single-walled carbon

nanotubes during the fabrication process.

KEYWORDS: gold electrode · patterning · carbon nanotube · scanning probe
lithography · dip-pen nanolithography · nanofabrication
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