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5-nm-sized dot formation using self-assembly of block copolymer and its
applications
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This dissertation described the experimental result and the application for
nano-pattern fabrication using block copolymer (BCP) self-assembly technique in
order to achieve nano-pattern of electronic device for ultra-fast, low-power and
high-density. Block copolymer (BCP) self-assembly technique has attracted attention
in recent years due to its promising capabilities to form nano-pattern in nanpmeter
order and many advantages compared to conventional top-down nanolithography
technique. Therefore, BCP self-assembly technique was proposed as one of the next
generation of nanolithography techniques. In this dissertation, the possibility to form
nano-pattern, in particular, the limitation of nanodot fabrication and its possibility to
form ultra-small pattern using poly(styrene-b-dimethyl siloxane) (PS-PDMS) BCP was
presented. This research studied the limitation of the lowest molecular weight for the
smallest nanodot pitch by decreasing molecular weight of PS-PDMS based on the
theory of PS-PDMS microphase separation. As a result, the smallest nanodot array
with an average diameter of 5.5 nm and an average pitch of 10 nm has been
successfully formed by lowering the molecular weight as small as 5.9 kg/mol. In
addition, the possibilities to fabricate Si nanodot, carbon nanodot, and magnetic CoPt
nanodot pattern using multi-resist pattern-transfer technique of PDMS nanodot
pattern were demonstrated. In experiments, the dry-etching parameters and the used
materials of multilayer-resist method were tuned. As results, the possibility to form a
pattern with sub-10 nm was experimentally demonstrated, and this technique could
be considered as the fundamental technology for the research to achieve nanoscale and

ultrahigh density devices. The detail of the results was presented as following.

1. According to the theory of BCP phase separation, it is necessary to choose BCP
with lower molecular weight in order to form smaller self-assembled nanodot array.
In this research, PS-PDMSs with molecular weights of 13,500-4,000 g/mol,
11,700-2,900 g/mol, 7,000-1,500 g/mol, 5,600-1,300 g/mol, and 4,700-1,200 g/mol
were adopted.

2. We successfully formed PDMS nanodot array with an average pitch of 10 nm and
an average diameter of 5.5 nm using PS-PDMS with a molecular weight of

4,700-1,200 g/mol (total molecular weight of 5,900 g/mol). In experiments, we



optimized the PS-PDMS concentration of 2%, the PS-PDMS dropped volume of 40
pL/cm2, the annealing temperature of 170" C, and the annealing time of 12 hours.

. The fabrication of self-assembled nanodot array with an average pitch of 10 nm
using PS-PDMS with a molecular weight of 4,700-1,200 g/mol, which meant the
possibility of fabricating ultrahigh density magnetic storage with 7.45 Tb/in.2.

. It was demonstrated that the thickness of PS-PDMS film, the annealing time, the
annealing temperature, the pre-annealing time, and the reactive-ion etching (RIE)
time are important experimental parameters of self-assembly technique using
PS-PDMS, and the alignment of self-assembled nanodot array could be improved
by optimizing the pre-annealing time.

. The pitchs of experimental nanodot arrays are consistent with the theoretical
pitchs. However, the diameter of experimental nanodot is not consistent with the

theoretical diameter. The diameter of experimental nanodot arrays follows the
equation of D = 0.568(Ny)*1%.

. It was demonstrated that a multilayer-resist of Si-C (7.5 nm-10 nm) layers on a Si
substrate could be effectively used as a mask for pattern-transferring PDMS
self-assembled nanodot array.

. We successfully pattern-transferred self-assembled nanodot array with an average
pitch of 33 nm formed using PS-PDMS with a molecular weight of 30,000-7,500
g/mol onto a Si substrate by using ICP-type CF4+-RIE (for 90 s), onto a CoPt film by
using ion milling (for 3 min.).

. We successfully pattern-transferred self-assembled nanodot array with an average
pitch of 20 nm formed using PS-PDMS with a molecular weight of 11,700-2,900
g/mol onto carbon film, and formed carbon nanodot array by using CF4+-RIE (for 26
s) and O2-RIE (for 30~40 s). In this experiment, a multi-resist of Si-C (7.5 nm-10

nm) on Si substrate was used as a mask.

. It was demonstrated that a carbon nanodot array with an average pitch size of 20
nm could be utilized as a mask for pattern-transferring onto a Si substrate using
ion milling (for 3 min.) or (SFe+O2)-RIE (etching power of 40 W, etching time of
10-20 s). As a result, a Si nanodot array with a diameter of 10 nm was obtained.



