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Introduction

It is becoming increasingly complex and expensive to reproduce the
small features needed for today's microelectronic devices. Challenges to
Moore's Law, the prediction that IC manufacturers would double the number
of transistors on a chip every 18 months, have become increasingly difficult to
surmount." Additionally, the need for new technologies, such as patterned
magnetic media and smaller magnetic recording heads, has led to demands for
new nanoscale designs and processing techniques.” Non-optical patterning
techniques such as micro-molding in capillaries’, nanoimprint lithography”,
and "step & flash" imprint lithography’, have demonstrated the potential
advantages of non-conventional contact lithography. Some of the drawbacks
of contact printing methods include resolution limitations of elastomeric
polymers and the lack of availability of durable high resolution masters and
stamps. Polymers demonstrated for use in microprinting techniques are
generally based on PDMS which does not replicate nanometer-sized features
due to its inherently low modulus and the tenancy for small structures to
collapse under the forces of self adhesion. Additionally, PDMS readily
deforms under pressure. Pattern masters for use in nanometer scale printing
are difficult and expensive to manufacture and have life limitations when used
in high throughput, high pressure stamping operations.

Experimental
Our process, nano-contact molding, involves the use of
photopolymerized acrylate polymer networks as reusable stamps. An outline

Figure 1. Stamping Process. Patterned stamp consisting of a
molded photopolymer is used repeatedly to mold photopolymer
resist in order to transfer pattern to substrate.

of the nano-contact molding process is shown in Figure 1. We are able to take
a high-resolution hard master pattern (SiO2, Si, quartz, etc.) and fabricate a
polymeric stamp from this master using a UV-curable photopolymer. From
this stamp, we are able to make repeated replicas by using the stamp to
contact-mold into a thin layer of a second photopolymer film. After UV
curing we are left with a replica of the initial master. The replica image can
be used to transfer the pattern into the substrate via conventional etching
processes. The resolution of the molding process has been found to be limited
only by the availability of high quality masters. Replication of features in the
size range from microns to tens of nanometers has been demonstrated

We chose to study a class of acrylate networks similar to those first
investigated by workers at Philips for us in optical disk storage®. The preferred
composition of the photopolymer solution is shown in Scheme 1. The

Scheme 1. Composition of photopolymer solution.

monomers and initiator are commercially available (Aldrich and Sartomer)
and used as received. The photopolymer solution has a viscosity of
approximately 650cp and easily wets most substrate surfaces.

After UV curing @ 365nm, the material forms a , clear, tough solid
network polymer. While oxygen is known to inhibit the photopolymerization
of acrylates, we observed no difficulties in performing the
photopolymerizations in ambient atmosphere provided the photopolymer
solution was confined between two interfaces. If a large surface area of the
polymer is exposed, a nitrogen purge must be used. The surface hardness of
the cured material was measured using a Ziess Microindentor and yielded a
Knoop hardness of 22 kg/mm?.,
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Figure 2. Surface Modification of Molds and Substrates.
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The stamp is made from a suitable master by sandwiching a thin layer
(5-20 um) of the polymerizable solution between the master and thin glass
backplate. The glass backplate was first treated with a stream of dry nitrogen
gas saturated with 3-methacryloxypropyltrichlorosilane to promote good
adhesion between the glass and photopolymer. The etched SiO, masters, were
pretreated with perfluorododecyltrichlorosilane vapor in order to promote
stamp release (see Figure 2). For our initial experiments. masters consisted of
etched silicon wafers with features ranging from 0.35 to 5 microns (depth = 1
micron) courtesy of SEMATECH. The master/photopolymer/glass plate
sandwich was then exposed at 365nm (typical dose = 3000 mJ). The stamp
was then removed from the master by slowly prying the edge of the glass
plate, leaving a negative image in the stamp. While good adhesion to the
treated glass was observed, adhesion to the master was not a problem.

The polymeric stamp was then used to imprint a secondary
photopolymerizable polymer layer on an appropriate receiving substrate
(silicon or glass). The receiving substrate was treated with 3-
methacryloxypropyltrichlorosilane and then a solution of photopolymer
diluted with PM Acetate was spun onto the substrate at suitable speeds to give
a 500nm film. The stamp was brought into contact with the photopolymer



solution, pressed to 100atm and exposed at 365nm. After curing, the stamp is
removed and the original image is transferred to the secondary layer as a
positive-tone image. The polymeric stamp can be used repeatedly in this
process. The images in Figure 3 show the features observed through the
process. We were able to use the same stamp repeatedly with no observed
degradation of image quality. Pattern replication via nano-contact molding is

Original Master Photopolymer Photopolymer
Etched Silicon Stamp on Glass Replica on Glass

1

Figure 3. Replication of test pattern over large area (150 x 200
micron area shown). (a) silicon master, (b) photopolymer stamp and
(c) photopolymer relica on glass.

a facile and reproducible process. We sought to extend the technique to much
smaller pattern sizes.

Using etched glass slides with small island features 10 to 70 nanometers
(depth = 20 nanometers, we fabricated acrylate stamps via the same process
described above. A thin layer (20nm) or the photopolymer solution was spin-
coated onto a polished silicon wafer. The stamp was brought into contact and
pressed to 100atm and exposed at 365nm transferring the image pattern onto
the substrate. The molded photopolymer was then utilized as a dry etch resist
and the pattern was transferred into the silicon substrate.

Conclusions.

In summary, we have demonstrated the feasibility of a new patterning
process, nano-contact molding. Our process has the following advantages over
previously known contact patterning techniques: (1) the cross-linked
photopolymers aused as both the stamp and imaging layer are easy to make
and inexpensive; (2) the cross-linked photopolymers have a high enough
modulus to allow high resolution, nanometer scale patterning; (3) the cross-
linked photopolymers stamps can be used repeatedly, allowing multiple
replicas to be cast from a single stamp, and many stamps can be cast from a
single master. (4) pattern replication using cross-linked photopolymers can
be accomplished over a large area; (5) the cross-linked photopolymers are UV
transparent allowing their use in subsequent processes requiring transfer and
exposure to UV radiation. We are currently assessing the usefulness of this
technique to efficiently reproduce the small structures that are necessary for
magnetic storage and other advanced microelectronics applications.
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Figure 4. Pattern transfer of nanoscopic features. Features shown
are etched into SiO2 after the nanocontact molding process.



