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A (AFM) tipS EH AHeisle] YEAES acrylate d21zhe] WAHE Yt T Helg
A ke eI tipell Mkl CH, Behve 254 A2l@ 25 HAYE 38% 1A v 05849 0, Sex
Hle AHeld A9ols ARl 1.6 H S/ o2l AFM AdSe BHH 49 23 el 2 & gl
cross-cut F2HIH] Hao] vls FAH HEA AR AU e 27]9) QJEAE AR AR 7
S, BEs #2 Ale] 4% Wale] AR A QA GHEe] AX] Wi R 2717k Aol thwelxel
E AN B2 BH Hel BAVL B F950 HE 22 @ 5 Al

Abstract: Adhesion forces between acrylate imprinting resin and a surface treated atomic force microscope (AFM) tip
were investigated. Compared to the untreated silicon tip, 38% of the adhesion force is reduced for the hydrophobic tip
treated with CH, plasma whereas 1.6 time increases is found for the hydrophilic tip with O, plasma treatment. Such a
measurement of the adhesion force using AFM provides very quantitative results on adhesion comparing to the cross-
cut adhesion test which gives qualitative results. Since the adhesion area becomes larger as the imprinting pattern size
gets smaller, the surface treatment issue becomes more important in the nano-imprinting process.

Keywords: atomic force microscope (AFM), adhesion force, nano-pattern, imprinting, surface treatment.
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o} sk #xl Alolo] HAEE A B2 oS
dgstA 371 Qi 2= WA EHAUA 7 22 =2
< self-assembled monolayer(SAM) W o2 ¥ 3} A
CH, Z&t=rF )& s} dhdHe, Astkd #3372 ©
@3] F2A 717 fIEtAM = O, Zetznt A& st 2™
ANUAE 771 B Fol o]&H L UTh

=R ZHE FA0M Y] F3HE A= Al e sl
o] At Al el & YIS A= T8 A9l F st
22X, o]e} 72 HRHHof tigh £A8S s d st A7t
A B A7 Y E L QJrhS? E AJolA= UV sk
YZHE FAS o] gt He 2 AFIFOE AMSH &=
nano-wire grid type polarizec(NWGP)E A& w] ¥ A2
off me zt AdelM el & Hals ARSIt NWGP=
Wi 7] groove FENQ] AZHE HHE-S 7)Aol HARSE &
P9 e 9ol aluminume FEFste] A|xs)7] wiEe], 7]
9] EEo} #xl Abo] A Aol tate] ZskE HX
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AbolfErt o2} aluminum¥} 22 Sk JAHH o Ak
W7tz 7124 cross-cut HEAEH(ASTM D3359) 55 53l
HA o2 SH3I oL, B Al AR E R (atomic
force microscope, AFM)S- ©]-8-5lo] JHA} Z Alo] T I
Aol w4 F Alolo] FAES AHA o R HUsiditt.
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AZZIE M. HutemAl2] J743F JZAE|(HIS-400C)E
[e)

|83t UV JZHE HA& AL, Y= F7]9]
groove IS 7R3l Q& soft B=% polyurethane acrylate
(PUA)Z AIZ}sISIt). 71212 2R3+ polymethyl methacrylate

(PMMA) 25 9o 373sH3 #lzls ZH-slaL, soft =5
HET $ UV 2AFE B3ll(10mW/em?, 300s) 2% 733}
AlA S At siE P00 A8 F73skd #zl
£ SSCPAF] urethane acrylate prepolymer(U600C)2} Aldrich
AFe] 2-hydroxyethyl acrylateQHEA)S 1:1 V] &2 £33}
ARSI, 3733 WhS-o] JMAIAE Cibaite] Irgacure 907
< #7192 wi% H7FIATEE NWGPE JZHE 3402
Ui 3719 groove HES A & 3 9o aluminum
S2kelaL A7t 3785 53l Azttt Figure 1(a)e
E 3L 53 A3} @Rl groove TEIS AT &
= o]g sl 2ol Figure 1(bye BAE &l ol
aluminums S35t THEo]Z NWGPE Yl Z2ge]th

AFM H23 =3, AFM tip} A& 3 Alo] 7HAof u}
2 3¢ 3= Yl Figure 22 B AFM cantilever”}
AN FHoRE 47 "gko 2 YE 7kl AFM tipe] A &9}
m-- 7RI A e o2 Al 89 HESE jump in
contact®] LoJUA EThFigure 2(a)). AFM tip3} A1E7T 3
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Figure 1. Schematic layout of imprinting fabrication processes for

nano wire grid type polarizer (NWGP): (a) demolding process after
imprinting; (b) aluminum deposition process after demolding.

G — AFM tip approach
= = AFM tip apart
z
&
©
2
e
-‘\
l 2N T
Ny c
- \,$

Z scan movement (um)

Figure 2. Force-distance curve for different regimes of AFM tip-
surface contact: (a) jump-in contact; (b) loading part; (c) pull-off
point.

=3 Foll= tipe] 978 o5 A7 WE7H HaL 3] A
717} Wstele AS & 4 Arh(Figure 2(b)). THA] AFM tip
o] A|& FHNA "o ST =9 tipd AR FH AL
o] Faakge ol A ZofUtF £ 2 HojR| =t
(Figure 2(c)), ©] ¥2] =719} AFM cantilever®] spring A<=
e ol &3l FFHo A HRE IS F AT AFMS
Park SystemA}e] XE-702 ©]&3tlal, Ag& Ajd 9
cantilever= Nanosensor*}2] A|E-S AME-31St}. Cantilevers]
2328 AK)E SH A cantilever Z o))k Hlol(w)el
272 HitachiAl2] scanning electron microscope(TM 1000)
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(1H,1H,2H,2H-perfluorooctyl) silane(FOTS)E A& 3+ SAM
FA4 o g Asidt EEk2ut A 2= 5000 scem]
argon 712~} 13.56 MHz] RF power 27102 23S 45

sidedl, I Zek=rlE 20 seemd] O, 7SS BESTIA|
2 187 g2 AEE AP, a7 SEkEeE A
2= 0.6 sceme] CHE WHS7|A 2 ARE-3le] 30 27+ 213)
0}011:]- 24 AEE A E oE HeRE B4 X3

= A4 AZHA FOTSE Z3ksle] XS SAM #g
0}95\"4'. FAele 712 == AFM tip 9S8 O, Eet2vE
A2t &, 71215 FOTSS $7 21 Aol 20% &<t ¥
o] 2geolM SASBIAL 120 °C 280l 1.5417F &< annealing
sl 714 B tip Ol SAM 2| E SITE4 AFM tip
¥Ho aluminume £2F51e] aluminuma} @2 Afole] H2}
HS AFME ©]8-3to] XALeRSTh Si A2 9] AFM tipt
aluminum®] 23S FA17]7] $I30 tip Mol argon Z
gzrt A E WA g, aluminumsS & F2 H2S B
5x10° torr ellA 3 nm FAZ ZR A

AHE B Aol ARG FAL P 9lste] o]F:
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Figure 3. Contact angle measurements of deionized water on PUA
mold surface with various surface treatments.

o] A=, Aol Zgat= F2F AUELZE 71AH
91 ZA3%}H(mechanical interlocking), 2371712 ©]& (electrostatic
theory), &2Fo]&(adsorption theory), 123l 3}8 A%
(chemical bonding) 53} 72 o]&&°] A= o] Slr}. ' o]
7heH] FEo] &2 Aol A Wlshs 2} Abe] 1<l 2
A} 283 7R S48 (polar force)} F-4H (dispersion
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':F 5 il |
FRNAAIZE AR = RS & AUTE Figure 32 PUA
9
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Figure 4. Cross-cut adhesion test for PUA mold and acrylate
imprint resin with different surface treatments.
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Figure 5. Measurements of AFM adhesion force between surface-
treated AFM tip and imprint resin.

FE A= HHE S F2A717] Sl8l CH, E2kzvt A
o =xo] ¥HdUAE 8 ow 3t
2AZ 7 Qo] Uil zdY 30 ARl AApllA S
= TS A e 2l & ok ARM
o] J&¥ 34 2= Figure 39| J52 A3e} Bl aLsto]
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Figure 6. Measurements of AFM adhesion force between aluminum
coated AFM tip and imprint resin with various surface treatments.

Figure 7. Microscope images of imprinted groove patterns prepared
using PUA mold with (a) surface untreated; (b) CH,4 plasma treated.
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