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Diblock copolymers consist of two chemically distinct polymer chains covalently bonded 
at one end. These materials are known to spontaneously phase separate into 
microdomains on the scale of tens of nanometers, with typical morphologies including 
spheres, cylinders and lamellae. Because of this, block copolymer thin films have great 
potential in nano-fabrication. Typical applications include nano-wires, high-density 
magnetic storage devices, templates for nano-lithography, quantum dot or anti-dot arrays, 
DNA electrophoresis media, etc.  
 
Control of morphology in the thin films is the key issue for these applications. Our 
strategy is to register the thin-film pattern with a nano-patterned substrate, thereby 
inducing long-range ordering (over microns) in the thin-film morphology. Here we 
demonstrate this strategy for two cases: symmetric diblock copolymers forming lamellar 
structures and asymmetric diblock copolymers forming cylindrical structures.  
 
Due to the complexity of the system, we first perform extensive Monte Carlo simulations 
to explore the possible morphologies in the thin films. Such simulations are free of the 
assumptions that are necessary in theories, and provide us with valuable insights 
regarding the morphology and molecular details of the system. Based on simulation 
results, we then employ theoretical methods to map out the general phase behavior of the 
system of interest. Our results show that the thin-film morphology can be controlled by 
finely tuning the surface-block interactions and the film thickness. Two conditions are 
essential for obtaining the sought-after long-range ordered structures (lamellae or 
cylinders) perpendicular to the substrate: a pattern on the substrate that is comparable to 
that in the bulk (with appropriate dimensions and arrangement), and an upper neutral or 
weakly preferential surface (for the shorter blocks in the case of cylinders). Such 
structures are desirable for some lithographic processes. 
 
Our predictions are confirmed by experiments performed in our group. Further studies on 
triblock copolymers that exhibit much more fascinating phase behavior are under way. 
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Fig. 1. Phase diagram of symmetric diblock copolymer thin films confined between a
lower stripe-patterned and an upper neutral (left) or preferential (right) surface. Different
colors represent different morphologies; the green represents the long-range ordered
perpendicular lamellae complying with the lower surface pattern. 

Fig. 2. Tapping mode AFM phase image of the
top surface of a symmetric PS-b-PMMA thin
film deposited on a stripe-patterned substrate,
where the surface pattern period is comparable
to the bulk lamellar period (60nm). 

Fig. 3. Schematics of inducing the long-range ordered perpendicular cylinders of
asymmetric diblock copolymers by using a cross-patterned substrate. For such purpose, it
is necessary that the surface pattern must be comparable to the hexagonally packed
cylinders. 


