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Abstract: Among bottom-up assemblies, directed self-assembly of block copolymer offers the potential to complement
the top-down lithography due to its cost effectiveness and simple process. Block copolymer nanostructures self-organized
through their phase separation can be applied to serve as passivation layers or nanoscale templates for the production of
small devices which continuously evolve such as memory devices. In this study, lamellar patterns like finger-print at the
nanometer scale were fabricated via directed self-assembly of symmetric PS-5-PMMA copolymer. The vertical ori-
entation of the thin film was induced by controlling the properties of the surface using the random copolymer. First, mor-
phological evolution was intensively observed by varying the thickness of the block copolymer thin film and by varying
the annealing process conditions leading to nanostructure formation of the microdomains. Finally, the PMMA block was
selectively removed by ultra-violet ozone (UVO) and acetic acid etching. Etching time was then controlled to produce
the thin film with desired morphology and thickness.
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Figure 1. Schematic illustration of the whole experimental process.
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Top View

Figure 2. SEM top views of lamellae phase PS-5-PMMA block
copolymer with molecular weight of (a, ¢) 52 kg/mol; (b, d) 105 kg/
mol at different film thickness (a, b) d x 1/2 and (c, d) d x 1 for 36
h at 220 °C.

Table 1. Thin Film Thickness of Each Molecular Weight
According to Solution Concentration and Spin Coating Rate

Thickness Solution
(nm) concentration (wt%) RPM
25 0.8
52k 3000
50 1.0
40 1.0
105k 4000
80 2.0

Table 2. Thickness Values Used in Figure 2 and Figure 3

M, 1
Thickness (g/mol
52 k 105 k
t =d, x 1/2 (25 nm) =d, x 1/2 (40 nm)
t ~d, x 1 (50 nm) ~d, x 1 (80 nm)
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Figure 3. SEM cross-sectional views of lamellae phase PS-b-
PMMA block copolymer with molecular weight of (a, ¢) 52 kg/mol;
(b, d) 105 kg/mol at different film thickness (a, b) d x 1/2 and (c,
d) d x 1 for 36 h at 220 °C.
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Time

Temperature

Figure 4. SEM top views of lamellae phase PS-5-PMMA block
copolymer with molecular weight of 105 kg/mol at (a-c) different
annealing temperature (190, 220, and 230 °C); (d-f) different
annealing time (24, 36, and 48 h).
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Figure 5. SEM top views of lamellae phase PS-5-PMMA block
copolymer with molecular weight of 52 kg/mol and at different
UVO etching time (0 (no UVO), 30, 60, 90, 120, and 150 s).
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copolymer with molecular weight of 105 kg/mol at different UVO
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oo} gith= ZS & <+ Sl

Figure 9= SEM EH ©[n|A]|E F3l] UVO =& Al7lo]
Z7}sto] WE PSSt PMMA EH[¢l Z7|H3E 243 &
RS T2 eIt o] 2@ Zol4 PMMA 1<)
A71= AAE PMMAS] 9L ofn|stt}. 7k A& error
bare FU3 2749 SEM ¥H o|n|x|oA 51 = H PS
¢} PMMAS®] =H|Ql =719 thall 7 TAE vERdTE 120
% ool =A% 09] - Figures 59+ 62] SEM ¥4 o]
n| =)ol A #=E A} 7Ho] PSeF PMMA EH|¢lo] 2% A
A7F Hof =HQl 7] e S8 F S ovlgith
Figure 9914+ 529} 105 kg/mol ZFo4 UVO =& A7t
o] Z71eEE PS TH¢l A7) HAF 1HAshH, PMMAYL
AAE dgo] F7lele AFS AT 4= Atk ogh 3¢
< Figures 59} 60|41 % A=A} Figures 5, 6 3 Figures
7, 84 =5 A7bo] Z7tskel| wel PMMA %G <o] Yojx]
HA] PSS PMMA E=H|Q1 g o] 518k Zfo]& UERAT
o] AolM= FEAEE 71Xl et L2E ] sl
PS #2337 PMMA A8 &Y HA AHE-3te] PS-b-
PMMA £9& AZsIGT) o] 4L 7uke 2 FAE e
Jele HjS=gl 7]9] PSet PMMA |98 FAA7IT) 1
Hu 2 ZofA] BRI 4 %o 30 F2o] FHe AT

Polymer(Korea), Vol. 43, No. 4, 2019



608 wjRIF - ol d -

1500

Figure 7. SEM cross-sectional views of lamellae phase PS-b-
PMMA block copolymer with molecular weight of 52 kg/mol at
different UVO etching time (30, 60, 90, and 120 s).
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Figure 8. SEM cross-sectional views of lamellae phase PS-b-
PMMA block copolymer with molecular weight of 105 kg/mol at
different UVO etching time (30, 60, 90, 120, and 150 s).
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and 300 s).
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Figure 12. (Top) SEM top and (bottom) cross-sectional views of
lamellae phase PS-5-PMMA block copolymer with molecular
weight of 105 kg/mol at different acetic acid etching time (5, 15, 60,
and 300 s).
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Figure 13. Graphs of (a) PS domain size; (b) PMMA domain size
with different molecular weight of 52 kg/mol and 105 kg/mol as a
function of acetic acid etching time.
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