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Abstract

Soft mold imprinting method that uses nanostructured polymer mold was investigated for anti-reflection
film fabrication. The nanostructured soft mold was polyethylene terephthalate(PET) irradiated by oxygen ion
beams. The collisional energy transfer between oxygen ion and the polymer surface induced cross-linking
and scission reactions, resulting in self-organized nanostructures with regular patterns of the wavenumber
of 5 um™'. Post processes including ultra-violet curable resin coating and delamination fabricated anti-reflection
films. The imprinted resin surface also showed the consistent wavenumber, 5 um™. Pristine PET, oxygen
ion beam treated PET, and imprinted replica sample showed total transmittance of 91.04, 93.25, and 93.57-
93.88%, respectively.
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Fig. 1. Experimental apparatus of ion beam irradiation
on polymer substrates, (inset image: linear ion beam
source).
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Fig. 2. FE-SEM images of oxygen ion beam irradiated PET surfaces with the ion energy of (a) 480 eV, (b) 600 eV,
(c) 720 eV, (d) 840 eV. Scale bars represent 500 nm. (e)-(h) fast Fourier transform (FFT) spectrum, and (i)-(I) cross-
sections of FFT spectrum along white arrow.

3. &d1} 2 & F 4S5 98] FE-SEM ARIS 1% 2(e)-(h)et 2
©] Fast Fourier Transform (FFT) 2|35ttt 1€
PET :EWol A o] 2XS xAlste] whAL X 2()-(D= FFT W %719 shdsE Wdoz F48
o] Agtel Ui T2E A5 8 o]l oy 7S 2 FFT 2139 A7IE dehd 18 zolw
Ao mE FH F2E FA AT 28 2(a)-(d)= F7F F7140 EXE W AAE] HoFETh Aka
Hi A& ol&d oA 7t 480 eV, 600 eV, ol &Hl o] o] 7} 480 eV oA 840 eVE =7}
720eV 2 840 eVl ZZA 4+2x10°cm?e] of wel U o Z7HA 3 HIIS 6.8,
ol Ao 2 Au]¥ PET 7|#e| ¥¥ FE-SEM 32, 2.8, 20 um'Z it Ha FHE T4
Apzlelth, PET WO Y= FxE0] Eo] WEsh Are FW EAlste Ui F2E9 Hi 271
=7] FHE 224 Fxg AS IAT F U 2 ou|sle g, FFT AlsoAx 239 373 g
PET ¥He] W3 TXEEL 7|9 H|5E % o sk Ui 720 A7|E2 147, 312, 357,
H SR Z4E JAFoR FTMAI OI% PET 500 nmol|] it AHow, b4 o] 2H o 4
Aol 2H4ES AS5HSE HAA FHEY] & LWE 480 eVollA 840 eVZHAl Z7HA7]1W Y=
AL AN D= JARGS] vAE ﬂW?‘ T Z9] Z717F 147-500 nm WA 2EES &

|

e}, 2kx o] 2Hlo] of|UR] 7} Z718e) ulel =7 J SF3ATE. 480-600 eV o] o] oUA| 7} A
b Aol ke, U 72 ¥k F7144 A i B A S R i i el B s o e R



o

o5

2]/ HHFE3] 50 (2017) 480-485 483

A fAREE 147, 312 nm 2719 U £ZRE =
715 25 4 AAT10].

A o] 2R 8] oUA| 7t F7Hhel| whel WskE =
Ux Fx2E9 A7l g9 ZHd TET AL
AL A A 2 T3t Zlo]o] WstE Ar
& Aok ohA] DebA, Ak o] 28] oA 7t
7Vl mhet w9 Zlo|d PET 4 €49l &4,
&, AR AAPY Fshs olUA] wFo] Sttt
2 7o dgEE oYX+ Monte-Carlo 7]k
AlE# o] Stopping Range of Ions in
Matter(SRIM)S ©]-&3) Al4HE 4= QTH11]. SRIM
< ol &S A&sh7] "ol He', Ar' o]
I e @hA o] W ZAbE AgeA At
T UAIRE, 0,79 22 EAf o] 22 o]YA &

| olal AFH R At Xgth 28y 4}
oj2e] AT % qUYA] dE#e A} o|2Hl A&

o] Aol AE-E &= Full Molecular Method ©] &
o

i oy ol

o]

o} AAE E | A ARE = o] 9
URI7F B2 A9 10eV F59 23 oy mo
B2 27] el & Aol AR’ 480-840 eV
Hele] B2} o] ofiA]¢ ¢ Full Molecular
MethodE AH&-T &= Qt}. webra], xHo| &5
b4 Ba) o] ee T oUle abA AxE 7eE
Roew, dFH|E AqUAE W 2] ool £}
b o)) QYAF oA Hiks 7HA AL EEH
of YAteAl k. ¥ 3 480 eV, 600 eV,
720eV 2 840 eVel Ab4 Ez} o]o] Ak Y}
2 2g¥ F PET 1HS Tl &a gzl
A Adsle @9 Zold dux|olt}, gha g}

C-C (6.29 eV)

(=)
T

H-CH, (4.90 eV)

dE/dx (eV/Angstrom-ion)

4 s
——480 eV
51 —— 600 eV
—720eV
—840 eV
0 1 i
0 20 40 60

Depth (Angstrom)

Fig. 3. Energy transfer rate of oxygen atoms of 480-840
eV on PET surface.
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Fig. 4. FE-SEM images of (a) PET solf mod irradiated
by 600 eV oxygen molecule ion beams, (b)-(c) imprinted
replica samples by resin A and B. (d)-(f) are FFT
spectrum, and (g)-(i) are the cross-section of FFT
spectrum. Scale bars represent 500 nm
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Table 1. Transmittance of pristine PET, O, ion beam treated PET (soft mold), and imprinted replica samples by resin

A and B.
Pristine PET |O, IB Treated PET (Soft mold)| Replica with resin A | Replica with resin B

Total Transmittance (%) 91.04 93.25 93.57 93.88
Diffusive Transmittance (%) 1.34 0.66 2.38 1.62

Parallel Transmittance (%) 89.70 92.59 91.19 92.26
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