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Directed self-assembly (DSA) of block copolymers (BCPs) has become a
promising patterning technique for the contact/via shrink process for use in
semiconductor manufacturing due to its critical dimension (CD) uniformity and
process simplicity.*For such application, cylinder-forming BCP system has been
extensively investigated compared to its counterpart, lamella-forming system,
mainly because cylindrical BCPs will form multiple vias in non-circular guiding
patterns (GPs), which is considered to be closer to technological needs.?® This
technological need to generate multiple DSA domains in a bar-shape GP
originated from the resolution limit of lithography, i.e. those vias placed too close
to each other will merge and short the circuit. In practice, multiple patterning and
self-aligned via (SAV) processes have been implemented in semiconductor
manufacturing to address this resolution issue.® The former approach separates one
pattern layer with unresolvable dense features into several layers with resolvable
features, while the latter approach simply utilizes the superposition of via bars and
the pre-defined metal trench patterns in a thin hard mask layer to resolve individual
vias. With proper design, using DSA to generate via bars with the SAV process
could provide another approach to address the resolution issue.

In this paper, DSA of lamella-forming BCP was evaluated as a candidate for
forming SAV, which requires the DSA process to support structures from circular
via to lines and spaces. The basic process flow is similar to general graphoepitaxy
method as shown in Fig. 1. The correlation between DSA CD and GP CD, dry and
wet PMMA removal process, and pattern transfer process were investigated, as
illustrated in Fig. 2. The morphologies of the DSA vias derived from lamellar
BCPs were found to be less sensitive to the BCP coating thickness compared to
the cylindrical BCP system of similar Lo. This implies that lamellar BCP may
provide a larger process window and higher tolerance for local pattern density
variation. The profile and the thickness of the residual PS layer of DSA structures
were studied using Monte Carlo simulation and FIB cross-section SEM, as
illustrated in Fig. 3. Furthermore, a preliminary defectivity study using the
lamellar system will be presented as well.

1. Younkin, T. R.; Gronheid, R.; Rincon Delgadillo, P.; Chan, B. T.; Vandenbroeck, N.; Demuynck, S.; Romo-Negreira, A.; Parnell,
D.; Nafus, K.; Tahara, S.; Somervell, M. In Progress in directed self-assembly hole shrink applications, 2013; pp 86820L-86820L-
11.

2. Gronheid, R.; Bekaert, J.; Murugesan Kuppuswamy, V.-K.; Vandenbroeck, N.; Doise, J.; Cao, Y.; Lin, G.; Sayan, S.; Parnell, D.;
Somervell, M. In Process optimization of templated DSA flows, 2014; pp 905101-905101-7.

3. Somervell, M.; Yamauchi, T.; Okada, S.; Tomita, T.; Nishi, T.; lijima, E.; Nakano, T.; Ishiguro, T.; Nagahara, S.; Iwaki, H. In
High-volume manufacturing equipment and processing for directed self-assembly applications, SPIE Advanced Lithography,
International Society for Optics and Photonics: 2014; pp 90510N-90510N-11.



n

Guiding pattern litho GP etch (top BCP coat and DSA PMMA removal PS Breakthru,
on double stack SiARC and OPL) SIARC, OPL etch

Figure 1: Process flow of DSA via process used in this work.
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Figure 2: Examples of lamella-forming BCP in GPs with different aspect ratio
and pattern density.
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Figure 3: (upper) Cross-sectional SEM images of lamella-forming BCP in
different GP. Different thickness of HfO2 decoration is used for contrast
enhancement purpose.(lower) Monte Carlo simulation comparing lamella- and
cylinder-forming BCPs vs different GP CD.
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