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Abstract

Plasmas of hydrogen or oxygen were used to remove self-assembled monolayers (SAMs) of alkanethiolates from
gold surfaces. X-ray photoelectron spectroscopy (XPS), scanning tunneling microscopy (STM), ellipsometry, and con-
tact angle measurements were used to compare the efficiency of the different plasmas and to explore their respective
influence on the surface topology. Both plasmas were able to remove the SAM from the gold surface within less than
60 s. While the hydrogen plasma produces a de facto sulfur-free surface, oxygen plasma cleaning leads to an Au2O3

surface contaminated with oxidized sulfur species (probably sulfonates and sulfate). Nevertheless, the plasmas alter
the roughness of the gold surfaces only marginally, as demonstrated by STM.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Self-assembled monolayers (SAMs), in particu-
lar those of thiols on gold, are used for micro-fab-
rication frequently. The possibility to structure
these monolayers laterally by a number of litho-
graphic techniques, such as photo- or electron
beam lithography [1,2], provides a useful tool
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particularly in the lower micrometer regime. A
very prominent example for these techniques is
micro-contact printing [3,4], for which a micro-
structured stamp inked with an alkanethiol is
brought into contact with a gold or silver surface
generating the laterally structured monolayer. Such
a laterally structured alkanethiol SAM can act as a
resist in a following etching step, where the unpro-
tected metal is selectively removed resulting in a
gold or silver film with the same lateral structure
as the SAM (for this purpose only simple, hydro-
phobic SAMs of n-alkanethiols or perfluoro-n-
alkanethiols can be used due to their low solubility
in the etching solution as well as their low defect
density). The metallic microstructures produced
by this process are often used e.g. as elements of
sensors, electrodes, or as arrays of any kind in
combinatorial chemistry [5,6]. While some of these
applications rely on bare gold surfaces, others use
specifically functionalized SAMs (e.g. with bio-
receptors), which cannot be used as resists for
the micro-contact printing process. Since the alka-
nethiol SAM which acted as a resist is still present
after the etching process, it becomes necessary to
remove it efficiently before the subsequent steps.
Known methods for SAM removal are etching
with piranha solution (concentrated H2SO4/
30%H2O2, 3:1) [7], electrochemical potential cy-
cling [7], UV photooxidation [8–13], ozonolysis
[14,15], thermal desorption [16–18], and plasma
cleaning [19–23]. Of these, the first two are wet
chemical processes which bear the danger of con-
tamination by the reagents used and thus are very
unfavorable for most applications. In addition, it
has been shown that the piranha treatment induces
recrystallization of the gold layer [24] and may
even cause lift-off of the gold layer by etching away
the frequently used adhesion layers. Even the UV
oxidation and the ozone cleaning, while itself being
gas phase processes, require an additional wet
cleaning step, e. g. rinsing with ethanol, to remove
the oxidation products from the surface [12,13,25].
The same might be true for the argon plasma
method but has not been investigated sufficiently
yet. Alternatively oxygen or hydrogen plasma
can be used [26]. In contrast to the inert argon
these are chemically reactive gases which react
with the monolayer to form gaseous products dur-

ing the cleaning process. These fragments should
be volatile enough to be swept away by the contin-
uous gas flow, so no further cleaning process, such
as rinsing, is necessary. This makes plasma clean-
ing an attractive method for surface treatment.
While recently a series of publications dealt with
the interaction of different plasmas with monolay-
ers from an academic point of view [27–30], a gen-
eral method for convenient removal of monolayers
has not been developed yet.

In this paper we explore the results of plasma
treatment of SAM coated gold surfaces either with
hydrogen or oxygen plasma by using XPS, STM,
ellipsometry, and contact angle measurements for
surface characterization. To simulate the condi-
tions of the most frequently used patterning
method—micro-contact printing—the SAMs used
in this study were mostly deposited by using a
planar PDMS-stamp without any structures.

2. Experimental section

2.1. Substrate preparation

Microscopy slides were used as substrates after
the following cleaning procedure: first dust was re-
moved by sonication in water (1 min). Then the
slides were cleaned in piranha solution for
15 min (H2SO4/H2O2, 30%; 3:1; Caution! Piranha
solution is a corrosive and strongly oxidizing
agent.), rinsed with deionized water and dried in
a stream of nitrogen. Forty nanometers of gold
were deposited in ultra-high vacuum by an e-beam
evaporator at a rate of approx. 1 nm/s with an
underlying layer of 1.5 nm of chromium as an
adhesion promoter.

For ellipsometry, 200 nm of gold with chro-
mium as adhesion promoter were deposited onto
(100) silicon wafers (used as delivered, Wacker Sil-
tronic AG).

2.2. Stamp preparation

A planar stamp (without any pattern) was pre-
pared by molding from a silicon wafer. PDMS
(Sylgard 184�, Dow Corning) was mixed with
the respective curing agent (10:1), poured over
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