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For Nanoscale Patterning
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Nanoscale patterning with sub-10 nm width is an essential part of the development of
next generation microelectronic devices. Block copolymer (BCP) lithography is regarded
as a strong candidate for sub-10 nm width line and dot patterning. For achieving the
high-resolution patterning, the BCP microphase-separated nanostructures with a different
type of morphologies such as lamellar, cylinders, or spheres in the thin films are basically
utilized. However, there are mostly limited in patterns such as straight lines or circle dots
since the morphologies in the self-assembled nanostructures are limited. On the other
hand, the pattern sizes are also limited.

Among various BCP materials, silicon-containing BCPs are attractive materials for sub-10
nm features in the patterning. We have been originally developed a series of polyhedral
oligomeric silsesquioxanes-containing polymethacrylate (PMAPOSS) based BCPs so far.
Here we show the development of a new series of PMAPOSS-based BCPs,
PMAC11POSS-b-PMAPOSSs, which are designed to form hierarchical nanostructures
combined microphase-separated nanostructures with layer structures of the side chains.
We expected to create rectangular shaped patterns from the hierarchical nanostructures.
Furthermore, in order to pursue the ultimate smallest patterns, we challenged in a design
of materials which are well-defined POSS-containing small molecules. Detail structural
characterizations for the new materials were investigated by using X-ray diffraction,
transmission electron microscopy, and atomic force microscopy. Smallest size of 3.5 nm
width was obtained in the self-assembled lamellar nanostructures of the POSS-containing
small molecules.
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