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Directed self-assembly (DSA) of cylindrical block copolymers (BCP) is a valuable candidate for
frequency multiplication and hole shrink and repair for contact layer patterning. Conventional lithography
techniques are used to generate pre-patterns that guide the phase separation of block co-polymers through
the interaction with the sidewalls and the bottom of the templates. In these templates of defined
dimensions and wetting properties, a cylinder forming polystyrene-b-methyl methacrylate (PS-6-PMMA)
is deposited and annealed. After the annealing step, the inner PMMA block is subsequently removed
(Figure 1). One of the main limitations for the implementation of grapho-epitaxy DSA in device
fabrication is control over critical dimension uniformity (CDU) and placement errors. In the past,
simulations have predicted that the variability during DSA can be controlled by using high resolution
EUV printed pre-patterns that have improved template CDU and well-defined complex, shapes beyond
the resolution of 193nm immersion lithography.

P

=3 506 ‘
Lithography Dry etch HF clean

‘ Brush coat & anneal
l PMMA:W.| PS-b-PMMA (Ltzonm) l
Figure |: Schematic representation of the EUV templated DSA process flow for singlet, ellipse and peanut-shaped
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In this study, we will demonstrate the impact of the template generation method and variations in the
template shape on CDU and pattern placement of the DSA holes. (1) Our focus lies on the formation of
singlet and doublet structures. First, the surface wetting of the Spin-on-carbon (SOC) sidewalls and Si
bottom substrate were optimized using random copolymer brushes to obtain the desired perpendicular
cylindrical morphology of the BCP inside the pre-pattern. Brush grafting on the SOC and Si surface was
controlled by varying the anneal T and t. (2,3) Second, 193nm immersion lithography as a template
generation method is compared to EUV lithography. Since the latter has an improved resolution it is
expected to improve pre-pattern uniformity and result in lower variability. The impact of dose and pre-




pattern size on the variability is determined for singlet and doublet structures. In addition, the ability of
printing complex structures, such as the so called peanut shaped templates, will be explored as they are
expected to enlarge the process window and reduce placement errors due to better confinement of the
BCPs. To determine the impact of template shape on the final variability both elliptical and peanut shaped
template shapes are considered for doublet structures.
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