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Microphases of Asymmetric Diblock Copolymers in Confined Thin Films
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Abstract Microphase formation of an asymmetric diblock copolymer with f~0.25 confined in a thin film was
investigated by using strong segregation theory. The stability of microphases such as surface-parallel lamella surface-
parallel and surface-perpendicular cylinders was determined. It was found that for neutral substrates the surface-
perpendicular cylinders are always stable as the film thickness is varied. However for substrates that prefer the minor
component the stability of these microphases is crucially influenced by the composition of the diblock and the surface
interactions between the diblock and the two substrates. Therefore varying the thickness of the thin film surface-
parallel lamella including both odd and even layers surface-parallel and surface-perpendicular cylinders could
alternatively exist.
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Figure 1 Schematic illustrations of microphases for diblock copolymers confined between two parallel substrates
a Surface-parallel lamella b surface-parallel cylinders

the lamella

¢ surface-perpendicular cylinders  d unit cell for surface-parallel lamella where 2D is the period of

e unit cell for surface-parallel or surface-perpendicular cylinders where D is the distance between the centers of two nearest cylinders and R is the
radius of the cylinders
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Figure 2a  Iree energy for diblock copolymer films confined
between two neutral substrates as predicted by the strong segregation
theory as a function of the film thickness at f=0.29 N=100 yN
=30 where the solid line corresponds to surface-parallel lamella

the dash-dotted line corresponds to surface-parallel cylinders and

the dashed line corresponds to surface-perpendicular cylinders
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Figure 2b  Free energy for diblock copolymer films confined
between two selective substrates as predicted by the strong
segregation theory as a function of the film thickness at f=0.29 N
=100 yN =30 o' =0.02 where the solid line corresponds to
surface-parallel lamella the dash-dotted line corresponds to surface-
parallel cylinders and the dashed line corresponds to surface-

perpendicular cylinders
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Figure 3a  Phase diagram for an asymmeltric diblock film with
f=0.25 N=100 o' =0.02 calculated using strong segregation
theory. The diagram is plotted in terms of the incompatibility yN vs.
the dimensionless film thickness L/a. L; and L, represent the

surface-parallel lamella with odd and even layers respectively. C
and C | represent the surface-parallel and surface-perpendicular

cylinders respectively
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Figure 3b  Phase diagram for an asymmetric diblock film with 3c c'=0.04
f=0.29 N=100 o' =0.02 calculated using strong segregation N f 3a L/R,<5
theory. The diagram is plotted in terms of the incompatibility y/V vs. L, L,
the dimensionless film thickness L/a. L; and L, represent the c, C| L/R,>5 3b

surface-parallel lamella with odd and even layers respectively. C
and C | represent the surface-parallel and surface-perpendicular

cylinders respectively
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