Directed self-assembly of block copolymers for sub-10 nm resolution lithography
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Block CoPolymers (BCP) are composed of two or more chemically distinct
polymers linked by covalent bonds. When self-assembled, these systems form periodic
patterns in the length scale of 10-50 nm. 1.2 The patterns size is function of the number N
of monomers in the polymers as well as the Flory-Huggins parameter y which is, in short,
an indication of the chemical differences between the monomers. Sub-10 nm features can
be achieved using low-N and high-y BCPs which is of particular interest for the micro-
electronics industry (since such resolutions are challenging and costly to obtain with
standard lithography techniques) but also for applications in nanoscience, sensing or
photonics.

Nevertheless, using high-x BCPs for nano-lithography is quite challenging. The
orientation of the polymer micro-phases in thin film is strongly dependant on the nature
of the interfaces (substrate and air) that are in contact with the BCP. Often, an
intermediate layer between the substrate and the BCP, called brush, and a top-coat onto
the BCP layer, are needed to control these interactions.3 Moreover, without external
guiding, ordering of BCPs is only obtained in grains not larger than a few micrometers. To
circumvent this limitation chemical or topographical confinement are necessary. In
graphoepitaxy, trench walls confine the polymer and guide the chains organization.*

Here, the proposed work will consist in realizing graphoepitaxy experiments using
high-x BCPs into trenches on silicon substrates. The influence of the BCP composition,
layer thicknesses, brush and top-coat composition and self-assembly process by thermal
annealing will be shown. Results will be observed by scanning (transmission) electron
microscopy after a dedicated plasma etching process. > Example of vertically or
horizontally aligned polymer micro-phases are reported below (Fig. 1).
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Figure 1. Graphoepitaxy of a high-y BCP (PS-b-PDMS).
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