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Single-Nanometer-Scale Patterning Technologies Applying Self-Assembling Materials
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A self-organizing phenomenon in diblock copolymers, which can spontaneously form regular single-nanometer-scale patterns, has been a focus of
attention as a next-generation lithography technology. However, as this pattern formation is the result of a naturally occurring process, it is necessary to
control the uniformity and positioning accuracy of such self-organized patterns in order to apply them to the semiconductor device fabrication process.

Toshiba has developed the following technologies for next-generation lithography and beyond: (1) a solvent-annealing method to uniformly
arrange self-assembling materials with a dot diameter of less than 10 nm, and (2) a self-organizing technology guided by prepatterns formed on the
substrate to control both the uniformity and position of patterns. We have confirmed that precisely oriented patterns can be successfully transferred
onto a substrate by utilizing these technologies.
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Phase separation phenomenon of diblock copolymer
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Transitions of typical structures of A and B diblock copolymers
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Effect of molecular weight of polystyrene-polydimethylsiloxane (PS-PDMS)
on pattern pitch
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Solvent-annealing apparatus
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Scanning electron microscope (SEM) image of PS-PDMS treated under sol-
vent vapor
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Morphology transition after solvent annealing under hexane and dimethyl-
formamide (DMF)
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Self-organizing process using prepatterning and SEM image of patterned
PS-PDMS dots aligned along guides
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