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This Communication describes the fabrication of planar structures
comprising metallic features with nanometer-scale lateral dimen-
sions in a polymer, prepared by sectioning a thin metallic films
embedded in a polymer matrixsin a plane perpendicular to the
metallic film using a microtome (Figure 1). This procedure converts
a structure that is thin along thez-axis into a structure that is thin
along thex-axis.

There are many ways to grow films with thickness between 1
and 50 nm over large lateral areas: the most important are
deposition and adsorption.1 Developing methods to fabricate
structures with in-plane, nanometer-scale features is, however, a
continuing problem in nanoscience. Writing using an electron beam
or a scanning probe provides the most general access.2 Edge
lithographic procedures provide more specialized structures.3-9

Combinations of multilayer evaporation, fracture, etching, and
grinding have generated topographically patterned masters, and
fabricated parallel wires;8,9 the procedure described in this Com-
munication most closely resembles that of White.9

We sandwich a thin metal film (prepared by electron-beam
evaporation) between topographically textured polymer slabs and
cut the sample perpendicular to the plane of the film using the glass
knife of a microtome. This procedure minimizes the delamination
between the metal and polymer layer. The width of the exposed
metal edge is determined by the thickness of the metal film. This
metal edge, contained within an insulating matrix, is electrically
conductive. It has the useful feature that it can be addressed
electrically on the side of the polymer slab opposite the exposed
metal edge; it thus provides an entry into an array of nanoelectrodes.

Figure 1 summarizes the procedure. We prepared an epoxy
substrate (Araldite)10 by casting against a poly(dimethyl siloxane)
(PDMS) master comprising 2µm × 2 µm square features. We
choose epoxy polymers as the matrix in which to encapsulate the
metal film because these polymers (i) cut easily and generate
relatively smooth surfaces, (ii) can be electrically insulating and
optically transparent, and (iii) adhere well to many surfaces and
when polymerized are generally chemically resistant. We deposited
a gold film (50-nm thick) onto this patterned epoxy substrate by
electron-beam evaporation. The gold-coated epoxy substrate was
treated with an oxygen plasma for∼20 s (250 mTorr, 100 W barrel
etcher). This treatment improved the adhesion of a second layer of
epoxy to the metal surface and minimized delamination when
sectioning the sandwich structure. This treated substrate was
subsequently embedded in the same epoxy. After thermal curing,
this process generated a metal film encapsulated in an epoxy matrix.
We sectioned the sample perpendicular to the gold film using a
microtome equipped with a glass knife operating at-120 °C;11

this sectioning exposed a cross-section of the sandwich structure.
The resulting surface had an rms roughness of∼10 nm, as
determined by atomic force microscopy (AFM). Low-temperature
sectioning minimized delamination between the polymer and metal

film. The orientation of cutting is also important in maintaining
the adhesion between the layers of the sandwich structure; cutting
the sample in a direction parallel to the plane of the encapsulated
metal film gave the best results.

Figures 2A and 2B show scanning electron microscopy (SEM)
images of the cross-section for a 50-nm gold film embedded in the
epoxy substrate and exposed by sectioning. The bright lines in the
image are due to electrons scattered by the metal. We attribute the
roughness of the cross-section to nonuniform cutting of the sample

Figure 1. Schematic diagram showing the fabrication of a soft sandwich
structure encapsulating a thin metal film. Direction-dependent electron-
beam evaporation prevented metal deposition on the side-walls of the epoxy
substrate. We exposed the cross-section of the final epoxy-embedded metal
film by cutting the substrate with the glass knife of a microtome.
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by the glass knife. The difference in mechanical modulus between
the metal and polymer can result in delamination in regions of high
stress (for example, the small hole shown in Figure 2B). We believe
more uniform edges can be obtained by using a harder microtome
knife (e.g., tungsten carbide or diamond).

SEM demonstrates that a thin metal edge can be exposed by
sectioning but does not establish whether the encapsulated thin film
is electrically continuous. Electrochemistry accomplished this
demonstration. We connected the opposite edge of the encapsulated
50-nm thick gold features to a voltage source and electrodeposited
gold.10 Figures 2C and 2D show SEM image of gold (∼500-nm
wide) electrodeposited on the exposed 50-nm wide gold edge.

We also sectioned a flat epoxy substrate supporting 12 alternating
layers of Ni and SiO2. Each layer had a thickness of 20 to 100 nm;
this thickness was controlled by electron-beam deposition (Figure
3).

This work demonstrates a simple and inexpensive procedure that
generates nanoscale structures in thex, y plane by a three-step
process: (i) forming topographically contoured metal sheets by
deposition in thez-direction, (ii) embedding these sheets in epoxy,
and (iii) sectioning in thex, zplane. The composition of the exposed
nanoedge can be selected by changing the composition of the thin
film. Our approach substitutes “sectioning by microtome” for the
“writing” commonly done by electron-beam or scanning probe
lithography. This fabrication technique needs only readily available
facilitiessfor soft lithography, metal evaporation, spin coating for
polymers, and sectioningsbut is limited to simple nanostructures
(albeit ones that are electrically addressable). Since soft lithography
can generate complex 3D structures, and stacking multiple layers
is straightforward, it should be adaptable to generate substantially
more complex features than those shown in Figure 2.
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Figure 2. Patterned metal edge of gold exposed in a matrix of epoxy. (A)
SEM shows the embedded 50-nm wide, structured, gold film and the
continuous epoxy matrix. (B) Close-up for one of the exposed edges shows
partial delamination (indicated by the circle) between the metal and the
encapsulant. (C, D) Metal edge could be used as an electrode for
electrochemical deposition of another metal; gold, electrodeposited onto
the gold edge, identified the conductive regions.

Figure 3. Cross-section of a multilayer Ni/SiO2 structure, embedded in
the epoxy matrix, and exposed by cutting. The thickness of the deposited
film was tuned from 20 to 100 nm.

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 126, NO. 5, 2004 1333


