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Abstract: The self-assembly behaviors of AB cyclic symmetric diblock copolymers confined in thin films were
investigated by Monte Carlo simulation. The simulation results show that the orientation of the lamellar struc-
ture formed by AB cyclic symmetric diblock copolymers in the films depends on the selectivity of the film surface
or the film thickness. When the film surface is neutral or has strong selectivity, the orientation of the lamellar is
vertical or parallel to the film surface, respectively; When the film surface selectivity is weak, the orientation of
the lamellar structure changes from vertical to parallel to the film surface with the increase of the film thickness.
These simulation results are in good agreement with the linear systems reported in the literature. However, it is
worth noting that when the selectivity of the film surface is moderate, a novel ordered structure with wavy-like

structure, not observed in the linear system. is formed in the cyclic copolymer system. By analyzing the interac-
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tion enthalpy density and the chain conformation of the structure, it is found that the structure is a stable struc-

ture. In addition, by comparing the lamellar structures of the cyclic system and the linear system under the same

parameters, it is found that the characteristic size of the lamellar structure of the cyclic system is significantly

smaller than that of the linear system. The simulation results above show that compared with linear block copo-

lymers with the same molecular weight, cyclic block copolymers can form novel or smaller characteristic size mi-

crophase separation structures due to their special geometric structure. Controlling the characteristic size, espe-

cially obtaining the smaller characteristic size, is of great significance for the preparation of microelectronic de-

vices with smaller nanostructures and higher integration.
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Figure 1 Variation of morphological structures formed by A,,B,, cyclic diblock copolymers confined in thin films

with the film thickness D: (a) D=10,(b) D=15,(c) D=20 (blocks A and B are represented by yellow and

bule, respectively)
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Figure 2 Variation of morphological structures formed by A,,B,, cyclic diblock copolymers confined in thin films

with the film thickness D . There are strong attractive interactions between blocks B and film surfaces, eps = — 1.

Film thickness: (a) D=10,(b) D=13,(c) D=15,(d) D=17,(e) D=20
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Figure 3 Variation of morphological structures formed by A,,B;, cyclic diblock copolymers confined in thin films with

the film thickness D . There are weak attractive interactions between blocks B and film surfaces, eps = — 0. 1. Film

thickness: (a) D=10,(b) D=15,(c) D=20,(d) D=25,(e) D=27
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Figure 4 The Variation of the contact number between
blocks B and the film surfaces ( Nug ) with the film

thickness ( D ) in the case of eys=—0.1
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Figure 5  Variations of the contact number between
blocks A and B ( N,; ) and the contact number between
blocks B and the film surfaces ( N, ) with simulation
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inset (a) is the corresponding morphology of the lamellae

vertical to the {ilm surfaces.
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Figure 7 Variation of morphological structures formed by A,,B,, cyclic diblock copolymers confined in thin films

with the film thickness D. There are attractive interactions between blocks B and film surfaces, eps = — 0. 3.

(b;) and (d,) are the morphological structures of A blocks in (b) and (d). Film thickness: (a) D=10,(b) D=

15,(c) D=20,(d) D=23,(e) D=27
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