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Abstract: In this study, curing properties including molecular structures, gel fraction and wrinkles by content of each com-
position in polyurethane acrylate (PUA) resins composed of precursors and modulators with many functional groups, were
investigated. The sample structure was analyzed by carbon-to-carbon double bond with the Fourier transform-infrared
spectroscopy. The gel fraction was calculated using the measurement of weights by ultraviolet curing time and weight com-
parison before and after curing. Compressive stress was applied to the lower PUA by adjusting the shrinkage of the upper
PUA which locally exists in pillar form, and wrinkles were formed on the surface of the single lower PUA between pillars
through it. Then, the surface morphology was examined by using atomic force microscopy. As a result, as the shrinkage
rate of the upper PUA increased, the single lower PUA was further stretched and the wavelength of wrinkles decreased.

Keywords: selective wrinkling, shrinkage, nanopatterning.

N oE

A

=2
—4

HAEste oA 725 S
13 —ErOMW 83l 2~

L O o]
TH O T

8 B A 5
e, &
ZM] 1o}
R e
u}. it e&% CERE S
1= Fad Az olwe] gt
o] the AEE ool HHY| Bt
o ¥ 7|%o] SHolh, 78] &
40 kg plolas RAl A

3
ok
4o

o rfr e
s o T
o 1% o2
oL o g

15
ok ©

d 59l
9] A
& gl

X 3o

>k
M Ho
o E
N oo
)y o
i 2 Ry
o %

rlo o
N

e
(2

rot
)
i
A
rlr

o
e
X
41
ox, Jl
ol

X,

N
(]
X,
o 2

O
aand

o2

T?‘J
N (o
)
2
osi'r
ol Qb
JQL’m

ol ot

e
o,
rlo

"To whom correspondence should be addressed.
dongchul.suh@gmail.com, ORC 0000-0001-5198-8977
©2019 The Polymer Society of Korea. All rights reserved.

926

slol=iE = ofglol M wiEt A2 AT bs G4 U
Az x_]z]_13l6 Ax} B 17 A ;qa-]lsw ok vko. ZOE

S ok o HAEeRE 8 2 A el 3
A 28 okl vhal Tkt Zole] el sATlE A4st
A Y MAUE AR 2 BNS B




Zejo e ol=elolE $AE o)g

oL

I AIZIE SHASE AT F Jdon, mebx HE P4,
Ao|, RS AA7ko 7 27 7FsskAl 2 o2 S,
IxR HEE 2 A AaAa s EE Fxe 4bskE
polydimethylsiloxane(PDMS)2] 914 £+ 2 & 7|44 4l
g o|ghs o] &ate] FAE F UTE? ofdl] ek ke
2, T84 &40 g vtuks g star, ojoja] B FA
717 Zgel] AR P o] M viemly FA| 9] SLEA}
59 S Fxlst AHE nlo]aE F5 F+x2& st
TMEEE Aot BN fF A FE 7l T
dEo] A=A olof & S7HH <l el §
7Fseh wjake, ofe] ol 3§
et SEAIRE, BhEe]
2= 2] ofot '] o] & 73 |t
ALY, 29 38 F42 < =
A EHol| F5ol 94 .
& Al&Fle] tinkre Bl e ES 2Aske T
Ttk @A =, A5
I B A] Atelo] & B E

e shghS ARt

olgfgl AL sldslr] flsll, o] ATl vr|E &
Ade] F5 728 5RE 3737} 7FsE polyurethane
acrylate(PUA) ©HAE 7FA 2 micromoulding in capillaries
(MIMIC) 3785 ARg-ste] ALz 5ol st =& H
WS AAgh

IR A7 A HZ(conformal contact)S £
A7g, vHE ARE-S 9%k Wistelg 9 Al s S 919
Zpe] ol tigh 34 Fahgat e ohee] v 548 7
Aok gttt ®Ho} F83F AL, o] AtolA A7iE PUA AL
22 Ass 54 dEd &Y a7 AR 5417171 9
3 BE ¥ 5 28 54 AlFsits Aol o] 37
s EAR] ARbARl 71 JE-2 oA ESA]7] WESA

1 e Whgo g B 245 wET 250 nm
=]

kU
o,
of

R

M ya e
X
o e

Jo
¢

ol
(]
tlo

(

o
o
fu
4z

N oh ) off [0 o X K

o |0 nR do
W=
L 0=

53
4

ou 2 ¥
e
al(

rok
o o

WA 400 nme] g W] AR Aol =F A, 1A A=
o] &3t PINAZRE YAE Zz-e oladSA))
Atolo A FEehe st 7k Al ofgt HskEs do
7tk PUA FFoA 712" PUAE ol3E #5771 €9
AR EstE A &b, FFA Q] Hit A7 7t

NEE ZAT 4 A sk, PUAS] 71AIH 545 7414

o
AN GBS ) DED. ABE BAL 53] & 4
Fol 1A A4S AP, ks PUA 78] 7112
AGE 24T 5 Aok vad Be S b ARS 2
L PUA FHe T B 55 Tk SAAA

& % 1o, 100 nm ve] SEe] thg o)
et i), Teh) B Ee] R FRE £

ot
o
N

i s} THAY Y] 5 927

A4S 7H PUA 82 75 34 BFo=2e s &
o}, Z231 713 vA AE S BAske o -85kt w
2 A 24T F e she 25 2= o|Eg PUA
Fo A AoE Y 725 Alojsla el 783 =75
Alged & At

42 FolH &3] FEEE AP A4S Y gl
el 3-&

83t MIMICE= &34 %<1 PDMSe] A2 el
T & FH s HEATE ol
24 AFAE =E2E A Fo @

ojrmag|H TAF gjol] 93] IEAF FUE AL, dolut A}
AL AUAE 7Iet & FSA7]AL 8L A ASHH A

o
)
o

w PDMS= W 4 HEE olFH, 2 FH(-21 m)/
m?)e] o} g¥o] vl QPgslElo] glon s JRA} o
ek aah Fawe] velEe @2de] Hashdnt
o] =X E WA 713l MIMIC 57482 53 A9
o naw 5% IRAR % B F5E AT, A
2P A8k At FEeA whgel 2 e 719 F&
< At of WAYZ] e s el A8€ a2

HojE

N

Aot & B, 9, 29U olad Y olE AlE A
2L Ao thete] AR ARSE= AR E of=E #lo]
E @Al 1,6-F A4S tolaE o] E(M200, MIWON
Co., Korea) 30 wi%E A|Z3FAT}. 101X, Irgacure 184(1-3}
ol=EA]Alo]E R A H I AE) E Darocur 1173(2-3l0|=
221 g-19d-1-2 9}, Ciba Specialty Chemicals, 2>9]2%)
<, 48] A B v O] A EEe] Tl
st B7RAAIRA H7Fstar, 24E GRAAIE s8] &
aE w7k EgEg s waksislnt.

Azt 2= BAl & i e AAE F UES
e B AUAE Zh= Zlo] Fask] wEel o|FAE A
g3t o]PS SHANZITH ABE 7|RE 0YS FH Y
oA da] AREEATE v 2 g
PUA 9] o|PA| & FAFslrt. #pe)il 7sd ) S8ty
= otaEstE f7] WA E2 4 F4HRad 2200N, TEGO

d5 e
712 X3 ZEoH 2 B ¢ AHERT ohve} 3
s S S WA otad HolE #4875 ik
04 wt% H7HIE T3 78 A EIME ZAstd =29
#H oA = d&3 FEE flal T8 W PDMS(%F
21.6 dyn/cm)e] £ oUA| ol ZH3k= oF 23 dyn/em= 7
Zsh, g dHode IS PAA ek
ZE &Fdl. 4 Fe(5mm F4) PDMS 32 A4

Polymer(Korea), Vol. 43, No. 6, 2019



928 Ky

g a2 Axd A2 v~ @ um 2, 8§ um ¥
9 800 nm E=o])ollA HA| 4P o= AZE ATt PDMS F
Fe AZsh] 18] rRE o] PDMS Z-A|e] A8 Ho
o, 7PEAl AA AAA R ARSEE B R 79E
Eall A9 2ol 93 PDMS 53 T, B4 RHS nps
Ele} A AXA N FEo R A AL BAe]E Eepfol
3 WA PDMS F32 JA3)

PDMSE AHE-3F MIMIC®] #7382 tha3t 2H-2d|, £Eg
2oy AL S8 FHE R 83 2o g
PDMSE Fx38t] 714 Ade] vES A7 g9 Ae 4
Bl A, =50 AA PUA ZEAF 73 (HBR1~4)y7} 9]
Z F JES o] nkiEe] & A2 F, A T &
o2 A4 PUA ZZEAHMINS 301RM, Minuta Technology
Co., Ltd., Korea)® ZEo] FA=o] A= polyethylene
terephthalate(PET) 2242 AZE 7] $lol| viz|st ) 5
3 xHe] e Ad VEHAE At A At A
A ] o] o] YIES A9 /e Ftol vix|=H, oA
= AT 2ol 93] AAF ez Ade A9l FEH e
2 53 g2 PDMS F&5 B9l o] aaAt A7A7F A
9] (L =250~400 nm)°ll 8 &+ SH (dose = 100 mJ/em?’)<
Bl gt o R vt AgEH, PDMS 2R E 7)o
2HE AALJ. o 7hl d4E A= PDMSe| &
A FomA EE A Heskd F3A S FAske],
A e A '] 5E Aleo|2 Qg BEE] 5
< =k

Y. ARS 34 S8l UV 2AH AlEE 87190 ¥,

1
]

L

v B8 Al 7A19] H|E ARg-S Falditt. Hdskd
FIA Fo] EARE FElo WA el 33k(Fourier-
transform infrared spectroscopy, FTIR)S E3f £33t}
A28 & v 7 (atomic force microscope, AFM)S T} 3k
FHo et A7 Aok BHFQ EFEA, e [
EY sdEolre] 1 Fejol tigh ARE Frh FHoE
TE] gHER oA TRl Tk W A7kS IS
=, o] A7 B ¥ Fe wpt #xpe] xgoltt
1ol = A&7 (roughness), =74 R ¥(waviness) 5°]
), 23 AA AA wA 9 v R AZY]
B4 12 Gwyddion 2ZEO1E F3) A5}
3 WYL A

o=

oo (2
N

i)

1 oo
o ot

SN A=y

N R
_?{_[

_?L

A

(g

o
i
T
p
F

21 o E2

= =

Figure 1] =AIEl HBRS 5 AFAZA] o} THEA] 1F
S Zh= 2H838l¥ PUA AlE 87k 34, A4 9 &

Zay, A|4398 A63, 20193

AR - MEE

(a) -

Urethane block Ry~ Urethane block

NH HN

Figure 1. Chemical structures of basic components consisting of
HBR resins: (a) prepolymer; (b) cross-linking modulator; (c)
organo-modified releasing agent.
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Table 1. Formulation of the HBR Resin System

Prepolymer Cross-linking Releasing
Material modulator agent
wt% m® Wt% W W%
HBRI1 45 1 45 )
HBR2 45 1 45 0
HBR3 45 5 45 0 10
HBR4 20 5 70 0

a

'm: The number of repeating units in urethane block containing
acryloxy group. “n: The number of ether bonds.
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Figure 2. FTIR spectra of various HBR resins after UV curing pro-
cess.
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Figure 4. AFM images of HBR micro-pillar patterns fabricated on
301RM film using MIMIC process.
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