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Application of Self-Assembly Materials to Semiconductor Patterning
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Directed self-assembly (DSA) technique is one of the promising techniques to achieve high resolution

patterning for future semiconductor manufacturing—18-nm half pitch and beyond. In this paper, polymer-

blend DSA is proposed as an alternative lithographic concept because of the potential lower process cost,

wider material selection, and easier reaction control in mass production, compared to block-copolymer

DSA. Block copolymer DSA has been widely studied due to the intrinsic potential to offer ordered phase-

separation structure; sphere, cylinder, gyroid, and lamella. Polymer-blend DSA has very high potential for

ordered phase-separation structure formation, such as 19-nm line patterns with favorable roughness, uni-

formity, and low defects, which are demonstrated by sophisticated molecular design and process optimiza-

tion. These results were key in opening a new door of ultimate resolution lithography.
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Figure 1 A representation of the equilibrium microdomain structures of linear diblock copolymers.
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Figure 2 SEM images of typical perpendicular la-
mellar morphology of diblock copolymers
(a) without guide patterns, and (b) with

guide patterns.
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Figure 3 Examples of the recent DSA work with
circular post guide patterns by the Mas-
sachusetts Institute of Technology group.

Figure 4 A representation of the typical random
phase separaiton structure of polymer
blend systems.
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Figure 5 An example of the polymer-blend DSA by
University of Massachusetts group. The
scale bar is 1um.
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Figure 6 Process flow of this work. (a) Guide patterns prepared by ArF immersion lithography. (b) As-

coated state formed by polymer blend solution. (c) Phase separation state formed by baking. (d)

DSA patterns obtained by selective removal of guide patterns and hydrophobic polymer.
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Figure 7 SEM images of each process step. (a) Guide patterns on spin-on carbon layer. (b) As-coated state

formed by polymer blend solution. (c) Enlarged guide patterns formed by hydrophilic polymer at-

tachment. (d) DSA patterns obtained by selective removal of guide patterns and hydrophobic poly-

mer.
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Figure 8 A top-down SEM image corresponding to Figure 7-(d) in pm range.
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