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The development of nanotechnology depends on the abilities to manipulate materials and
structures at the nanoscale, i.e. less than 100 nanometer or 100 billionths of a meter.
Nanofabrication with self-assembly of molecules is being developed as one of the promising
alternatives for conventional lithographic methods such as photolithography and electron beam
lithography " 2. Block copolymers are given much attention for this approach due to their ability
to form micro domains at the nanoscale as well as the tunability of the size and shape of these
microdomains.

Block copolymers are composed of long sequences of two or more chemically distinct
polymer blocks. These blocks can be connected in different ways as shown in figure 1.
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Figure 1: Structures of block copolymers.®

The general method for preparing block copolymers is sequential addition or coupling with
truly living or controlled polymerized chains.* Living ionic polymerization together with other
methods such as controlled radical polymerization or living synthesis for polyolefins ° have
widen up the monomer range, giving various tools for synthesizing and designing block
copolymers.

Because of the incompatibility between the component blocks, they tend to segregate into
different phases. However, the thermodynamic forces driving separation are counterbalanced by
the entropic forces from covalent linkages between the blocks. This results in no macrophase -
separation, but microphase separation in the order of nanoscale. Therefore, diblock copolymers
can self assemble into different morphologies: spheres, cylinders, lamellae or gyroid, depending



on the degree of polymerization (N), the composition (f) and Flory-Huggins interaction
parameter () between component blocks.™

The self assembly of block copolymers into microphases with different chemical and
physical properties has been utilized in nanolithography for patterning dense periodic arrays of
structures such as nanowires, quantum dots, magnetic storage media, flash memory devices,
photonic crystals and silicon capacitors.” In this patterning process, a thin film of a block
copolymer spontaneously self assemble into microphase separated nanoscale domains. The
domains are chemically treated such as one domain with double bonds being degraded with
ozone or stained with osmium in order to change the etching rates and acting as a mask during
etching for creating patterns onto the substrate.

The greatest challenge for this patterning approach is how to control the order of
microdomains of block copolymers in large scale. The microphase separation in block
copolymers forms well-ordered structures just in a nanoscale regime. On a larger scale, there are
a lot of dislocations, disclinations and other defects that limit the use of block copolymers in
patterning 1arge area. Much effort has been done in order to get control of the order of the
microdomains in block copolymers, using external field such as shear'®, and electrical field"", o
epitaxy onto crystalline substrates’ f2 or chemically pattelned substrates , or confinement onto
topographically patterned substrates (graphoepitaxy)!, or using directional crystallization of
solvents'.
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