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This paper describes a simple and convenient method that PDMS Alkanethiol
develops the outer profile of an object (serving as a physical guide) \HﬁF‘J/; Si0,

to generate mesoscopic structures such as rings on the surface of a

solid substrate. This method exploits the reactive spreading of self- Si_ i1 | AuorAg
assembled monolayers (SAMs) on coinage métaldich is 'a'

supported by the diffusion of alkanethiols from a reservoir along (a) Remove beads
the surface of a gwde. WQ have demonstrated this qoncept t_Jy using (b) Selectively etch
() a flat poly(dimethyl siloxane) (PDMS) stamp inked with a

solution of either octadecanethiol (ODT) or eicosanethiol (ECT) welle, | o o — SAM
in ethanol; (i) a two-dimensional (2D) array of spherical colloids | Si | side View
as the guide; and (jii) a thin film of Au or Ag supported on a silicon g,

wafer as the substrate to generate 2D arrays of Au or Ag rings. =

This particular approach combines the elements of microcontact @ Si @ Top View

printing CPY with nanosphere lithograpyresulting in a novel
variant of edge lithography. Edge lithography comprises an Figure 1. Schematic illustration of ESL. Arrayed silica beads are used to

. . . _chifiingdirect the transport of alkanethiols from a planar PDMS stamp onto the
ensemble of techniques such as photolithography with phase Shlﬂlngsurface of a coinage metal film. Upon reaching the metal surface, the thiol

masks; controlled undercuttingtopograhically directed etchirfy,  molecules self-assemble into a monolayer, which is confined by the footprint
and others.These techniques utilize the edges of patterns to define (d) of each bead and the lateral spreadiwy f the thiols. Once the beads

the features of resultant structures; they contribute effectively to have been removed, the unprotected regions of the metal can be selectively
size-reduction, and provide attractive routes for generating high- dissolved in a wet etching process.

resolution wires, trenches, and other related structures. Our approach
is set apart from preceding techniques by the way we generate the
templates and by the flexibility of the actual patterning process. In
the following, we refer to this approach as edge spreading
lithography, or ESL.

Figure 1 outlines the procedure for ESL, which begins with the
assembly of silica beads on the surface of a thin Au or Ag film.
We selected silica beads for a number of reasons: (i) they are inert
to most organic solvents; (ii) they are commercially available as
monodispersed samples in a range of sizes; (iii) they can be readily
assembled into ordered arrays over large atég$y) they are
mechanically more robust than most polymer beads of equivalent
size; and (v) their hydrophilic surfaces support the spreading of
the thiols. Typically, a planar PDMS stamp is inked with an ethanol e ——
solution of thiol, dried, and placed on a 2D array of beads. The Qﬁo__fjf) DO000D O
stamp serves as an ink reservoir, from which molecules are released 000
during contact. These molecules are guided along the surface of
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each bead to the substrate where they form a SAM, whose area . 00 n0A

d=0.1pum

L

can expand laterally via reactive spreading as long as a continuous_,

L L . . Figure 2. Ring patterns fabricated by ESL with arrays of silica beads
supply of thiol is maintained.The circular footprint ¢) of each deposited on Au films of 50 nm in thickness. The patterned arrays can

bead thereby dictates the shape of the emerging pattern: ithave high uniformity as shown by the SEM image in (A). The AFM image
determines the region that is inaccessible to thiol molecules, andin (B) illustrates the excellent lithographic definition that can be achieved.

its circular symmetry propagates through the lateral spreading of The SEM images in (EF) illustrate the trends that could be observed when

. silica beads of various sizes were used. Although the initial lattice was
the SAM. Upon removal of the stamp and lift-off of the beads, the preserved in each sample, the footprints showed some variations that were

ring pattern is developed by wet etching with aqueous Baourea possibly caused by the difference in the interaction between individual beads
using the patterned SAM as a resist. with the gold surface. All scale bars areufn.

Figure 2 shows several examples of arrayed Au rings fabricated
using ESL! It was possible to transfer a self-assembled lattice of by ~75 um in area. The rings are characterized by high contrast
beads into the corresponding ring pattern over a large area, at aand fine-edge resolution; their three-dimensional profile is shown
high yield, and with good uniformity. Figure 2A shows the SEM by the atomic force microscopy (AFM) image (Figure 2B). The
image of a small portion taken from a single domaim~d0 um lattice constant of the arrayed rings and the inner diameter of each
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silica beads. While the size of the beads had a direct influence on
the spacing between the rings and their inner diameters, control of

030 o 0O 0 ] - the sprgading process was key to tuning the widths of resultant
0.25 | o0 ” m metal rings. Although arr_ayed rings could be formed over Iarge
pa areas and in parallel using this approach, the method remains
0.20 sensitive to the defects, distortions, and domain boundaries inherent
.E‘ to 2D lattices of spherical colloids. These limitations might be less
;.;5 important when these metal structures are used for surface-enhanced

Raman spectroscopy (SERSY or when they are released from
the substrate for further use (e.g., as building blocks in self-
assembl¥p). While silica beads served as a convenient model system
for these demonstrations, we feel that structures other than circular
__—% rings might be obtained with this technique by using objects with
different footprints.
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