Graphoepitaxy of block copolymers using 193nm
lithography: a process and defectivity study
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Density multiplication of patterned templates by self-assembly of block
copolymers (BCP) stands out as a promising alternative to overcome the limitation
of conventional lithography’. Nevertheless the control of the mechanisms that
determine the quality of self assembly process on patterned substrate needs to be
understood to develop large scale industrial processes.

In this paper the work is focused on the direct assembly flow of PS-PMMA block
copolymer in association with conventional 193 nm lithography. More precisely,
in order to follow process robustness, a new methodology to qualify and quantify
defects has been elaborated.

Pre-patterned structures used in graphoepitaxy approaches are generated using
single exposure 193 nm dry lithography with commercial photo resist and BARC.
Surface modification is done by grafting a random PS-r-PMMA copolymer. The
PS-b-PMMA is spin coated and annealed in order to generate self assembly, then
chemical treatment will remove PMMA leaving a PS mask (see fig. 1a). The
transfer capability of the PS nanostructures into silicon substrate using plasma-
etching technology is also investigated. Figure 1b highlights some result examples
of pattern density multiplication by graphoepitaxy using lamellar and cylindrical
block copolymers with a final resolution of less than 15nm. This study also
presents that long range ordered networks can be generated by increasing polymer
film thickness with respect to pattern height (seefig. 2).

As the self assembly process is based on a thermo-dynamical mechanism, induced
defectivity problematic changes with respect to a standard lithographic process
and new solution have to be investigated. Using the cylinders centers coordinates,
a Delaunay triangulation is performed to find nearest neighbors’. This
triangulation easily locates disclinations, characterized by having a number of
nearest neighbors different from six (see fig. 3). Thus number of defects can be
detected and reported. Furthermore a final image treatment enables the evaluation
of block copolymer order period.

In conclusion, this simple methodology allows monitoring overall process
improvement by following order optimization. This work confirms the high
potential of block copolymer process and its ability to become a real CMOS
lithography solution for future advanced nodes.
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Figure 1. a) graphoepitaxy schema using 193 lithography; b) CD-SEM image of
lamellar and cylindrical block copolymer graphoepitaxy on 193nm resist.

igure 2: CDSEM iage of cyIiricaI block copolymer graphoepitaxy on
193nm resist when polymer thicknessis increased.
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Figure 3: a) CD-SEM image of cylindrical block copolymer graphoepitaxy on
193nm resist with polymer thickness superior to resist thickness; b) Delaunay
triangulation and defect analyses for image a, in red defects identified through
distance checks, in yellow defects identified by number of neighbors c) measured
center to center distance for image a.



