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Fig. 1 Free energy difference (AFy) between a dislocation
dipole and perfect lamellae as a function of physical size in
x direction across the layers (a), and y direction along the
layers (b). The simulations are conducted in a two-
dimensional AB diblock copolymer system.
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Fig. 2 MERP for the transition between the defective (a =
0) and the perfect lamellae obtained using the string method
associated with SCFT. No energy barrier is found along the
MEP. Blue: the brush layer; red: A-rich domains; green: B-
rich domains. The softness of the brush layer is y = 0 and
the length of brush chain is € = 0.2.
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Density distribution of component A in Fig. 2 as a function of the film depth parameterized by z:

(a) three-dimensional morphology of the thin film; two-dimensional morphology of component A at (b) z = 0R,,
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Fig. 6 (a) MEP for the transition between a dislocation

dipole and perfert lamellae on grafted brush with different y
(The online version is colorful.); (b) Corresponding free
energy difference Afq = (Fq— Fp)/ (dgnp); (c) Energy

barrier of the transition state over  defect

Afb = (Ftran - Fd) /(d&AB)
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Theoretical Study on Defect Removal in Block Copolymer
Thin Films under Soft Confinement

Jun-qing Song, Yi-xin Liu*, Hong-dong Zhang
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Fudan University, Shanghai 200438)

Abstract Understanding the defect removal process is crucial for the fabrication of defect-free self-assembled
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structures in block copolymer thin films. In this study, the removal of the dislocation dipole defect in thin films of
perpendicular lamellar block copolymers on substrates modified by grafting polymers has been extensively
studied. As revealed in previous studies, the “bridge” structure, which converts the slow hopping diffusion of
block copolymer chains to fast interfacial diffusion, is a key factor to understand the mechanism of the defect
removal process. Polymer grafting onto substrates is a widely accepted way to control domain orientation and
fabricate surface pattern for directed self-assembly (DSA). However, the role of the grafted polymers on defect
removal is unclear. In this study, the string method coupled with the self-consistent field theory (SCFT) is used to
explore the influence of grafted polymers on the removal of a dislocation dipole in lamellar-froming thin films
assembled by symmetric AB diblock copoymers. It is found that the “immersion effect” and the “rearrangement
effect” introduced by the grafted polymers can facilitate the hopping diffusion of the block copolymer chains
through reducing the effective y,p, thus making the formation of the bridge structure easier. The decrease of the
softness of the brush layer (y) will enhance these two effects and reduce the energy barrier of the transition state of
the defect removal process. In the limit of y = 0, the bridge structure is found to already exist in the dislocation
dipole near the brush layer, leading to a diminishing energy barrier of the removal process. Using the symmetric
PS-b-PMMA with a number-average molecular weight of = 5.1 x 10* at 195 °C as an example, we estimated the
annealing time required to eliminate the dislocation dipole by assuming the diffusion coefficient of the hopping
diffusion of block copolymers being D = 10™"* ¢cm?/s. The annealing time are estimated to be 7=91.4 s and 150.9 s
for extremely soft confinement (y = 0) and intermediate soft confinement (y = 30), respectively. During the defect
removal process, the brush layer will redistribute its density along the normal and the lateral directions of the
substrate in response to the structural evolution of the thin film due to the “rearrangement effect”. Thus, the
morphology of the brush layer reflects the microstructure of the thin film near the bottom substrate.

Keywords Block copolymer, Thin film, Polymer brush, Defect removal, String method, Self-consitent field
theory



