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8 2 dAydMe 285 X5 9Jd A 713 W) polytetrafluoroethylene(PTFE)S] #<1 vlA|siEl &
Pl olE F =dAte] AZ|xHslel| Egste] UiesE Y-S sk Wl tiste] ®agith. PTFES &
F25(F 336 °C) odolx A2lE 7|3 g FAE2= W Z ZHdsiHAE aF o §4 vAdES A*
3o dElo] AlzE el 719l 3-aminopropyltriethoxysilane(APTES) ¥ 2] & T3k 27|12 AgAIR1
3 W=YAE APTESSF] 31814 AFS Falo] Aegxoz Ryl WS &8l & egte] A3 wigs
dopllth. & thesixte] A71o] met IR 45 f mATE Y E\"q” Aeko 2 9l z7|ZY s}
olHAAE AIAHE el om o] 3 0, reactive ion etch(RIE)S £ 713 ¢ PTFERS Agixog 2)7}s)
of AgF 713 9 7 edANte] wigs Aottt & =Rt HHOjO g ALY S Tl 259 A7t e
W] FEEen olF olgste] gk & eyl AE AT £ ATk & AFE Fote] s
Az 7 e 74 HhS E83te 555 3 gz X]'7]Z%?§]*% g 9)\—0—“4 o]& o] &3t iealE
dogo] &8rbsde Bargit)

Abstract: In this study, soft topographic patterns of polytetrafluoroethylene (PTFE) are produced on a Si substrate for
self-assembly of gold nanoparticles (Au NPs). Linear PTFE patterns are fabricated by physically rubbing a PTFE bar on
the substrate at high temperatures above its melting point (336 °C). For the directed self-assembly of Au NPs, the Au
NPs with various diameters are directly synthesized and applied to the surface exposed between linear PTFE patterns
where are chemically modified with 3-aminopropyltriethoxysilane (APTE). It is found that Au NPs are selectively placed
between the linear patterns due to both effective size of the Au NPs for the dimension of the patterns and surface energy
difference. By applying RIE process, it is exhibited that uniform arrays of the Au NPs are only remained on the substrates
while all organic components are fully removed. Interestingly, it is also observed that the Au NPs merge with each other
to form larger nanoparticles through additional thermal annealing process. Therefore, this study currently propose a sim-
ple and unique method to generate uniform assembly of nanoparticles for potential nanopatterning applications.

Keywords: self-assembly, soft topographic pattern, gold nanoparticles, poltytetrafluoroethylene, nanopatterning.
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ME. 2 AFo)A ARE Si glo]H (pekY, <Si 100>)E
LGHEZA Fujditt 4 dE AZE 913 poly(tetra-
fluoro ethylene)(PTFE)= IL WON ELPLAZY-E] Fufgic}.
71 MAE 93 extra pure’sH 2 acetone(CH;COCH;,
99.5%), isopropyl alcohol(IPA, (CH;),CHOH, 99.5%), tetra-
hydrofuran(THF, C,Hs0, 99.5%)< SAMCHUN(Korea)®l 4|
Tk =Rt S 91k HPLCE w9 S/ J.T.
BAKER(U.S.A)ZFE Fufsiiith & e dAgA S 213
A9l hydrogen tetrachloroaurate(IIN)(HAuCl,-xH,0)<}
tri-sodium citrate dihydrate(HOC(COONa)(CH,COONa),
2H,0))= Alfar Aesar(U.S. A F43ke] A glo] A&
Sth & WA 71del ZA717] S8l 7135

Hofele] olsf f=d =

EdRRe] A|1EHel sk A+ 609

< Fote] A7 2HEEAF 2 43§ (3-aminopropyl)tri-
ethoxysilane(APTES, H,N(CH,);Si(OC,Hs);, 99%)= Sigma-
Aldrich(U.S.A.)ollA i ),

79 I8 M=, 7|H2F ethanol/IPA 3-8 (50/50, viv
%)°ll 30 &<t sonication T THFZ A3} Z 4~ blowing
g A2 dolHE ARSIl e F7H 22 UV-ozone #]
215 3047 F3yYsHATE. 713 336 °C(PTFEY] =& &%)
o] 71¥ 9 stageol] £ 5 PTFE WS lem/Z2] S04
°F 1.5 N'mm’®] oz 45° 7= 2 7|9 9l £2e &
A S A=A o] S Sl EAEE WEFS W
2} 719k o] 4EE PTFE A8 dHS AAI3T atomic
force microscopy(AFM, Park Systems, NX10, Korea)Z 343
¥ A9 PTFE #&le] REZAE 18I

= HedXie| gdat 371 Mo, 5 eygrke & 4
71 Turkevich methodE ©]-8-3}¢3, hydrogen tetrachloroaurate
I 25 mM &4 1 mLE 90 °CollA] W2l tri-sodium
citrate dihydrate 2.2 mM &< 150 mLell H7}ste] 1027F
W3- At o] ¢ whe-& WA 150 mLe] &
Aol 55mL = WedAt &S F=, 60 mM tri-sodium
citrate dihydrate 2 mL¢} S/ 53 mLE H7lste] 123 wF
32 YAIFH 2™ hydrogen tetrachloroaurate(Ill) 25 mM =
S 1mLE H7iste] 2H2F 128 whe-S 33] FePAlzl F
=717} 47 55 mLe] & WhedAl &S FE3I81 o
FHe 53] wEa 229 F ks Zhzke] A2
UV-Vis spectroscopy(Perkin Elmer, Lambda 950, U.S.A.)<}
AFM 345 Fsto] 2Isieit)
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# seel] ofsf fed A9E =gt A71xd J8e

///// PTFE rubbing /
A —
APTES unnnrﬂlen/
AuNPs line pattern

Scheme 1. Schematic illustration of directed self-assembly of gold
nanoparticles on PTFE topographic patterns.
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AFM3} scanning electron microscope(HITACHI, S-5200,
SEM, Japan)E 53t G113t 5 Wi=dAte] Ae4 =}
71Z24 44 ¥4l tist 71st B4 =E Scheme 12 e}
k.
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oFg st

gx2(of ost F LI Xt HE & Y=dAst =5
A7kl w2 WS gRIs71918] Scheme 13} 7o) 7]
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AT 7|3 91elA PTFES] &-§2% oldollx] +28 1t
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Figure 1. AFM images of the linear nanostructures of PTFE: (a),
(b) 2D images of PTFE linear patterns; (c) 3D image; (d) height
profile.
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Figure 2. AFM images of Au NPs assembly on various substrates
deposited by a dip coating method: (a) bare Si wafer; (b) APTES
SAM treatment Si wafer; (c) only soft linear PTFE patterns on Si
wafer; (d) soft linear PTFE patterns with APTES layer between the
patterns.
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Figure 3. (a), (b) Schematic illustration of the fabrication process of
Au NPs Assembly by removing soft linear PTFE patterns via
plasma etching, AFM images of Au NPs assembly; (c) before
removing linear PTFE patterns; (d) after removing the patterns.
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Figure 4. UV-Vis spectra of Au NPs synthesized via the seed
growth method (Average diameters of Au NPs synthesized here:
sample 1=25 nm, sample 2=35 nm, sample 3=45 nm, and sample
4=55 nm).
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Figure 5. AFM images of Au NPs assembly with different diam-
eters: (a) diameter=25 nm; (b) 35 nm; (c) 45 nm; (d) 55 nm.
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Figure 6. SEM images of Au NPs assembly with different thermal
annealing temperatures.

Figure 7. SEM images of Au NPs assembly with different thermal
annealing times.
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