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Dynamics of Graphoepitaxial Assembly of Molten Block Copolymer
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1. M2

70 o] iR E50] T2l Y8l A2E U= AR 5 S5l 4 3 Y A
ZF(self-assembly) THgol| &Jaf| Ti=F 5~50 nm H 2] AL EHQlo] ¥ &= 73] 722 (ordered structure)
£ APH 0 2 Aot BRAIRA, 1980 o] %2 AR/ A} A= Foboll A 7Y it A X
Y=L Y= BoF 59 shtelch o]2et 3] 2 v YHERYA 5, e JjHiS} 3o et 3-8
EopollA] wl-$- 583t AR 2A o] 82 = =T, o]t HE3 T EF TFTAE o183 HsiA=
E5 T5A7T Hole= AR 299 7d-S YIXIZH (positional assembly) o]2k= 7H'd a2} tiv|ste] o]
g art Qltt. YA 2EE BAF S22 EAEC| oF = FERES AXT SlojA I 2EFAE AU, &
Al ofsk= 2HA 29 WS S8 24 FaTef 9 (lithography), YZHE (imprinting) 1 5]
olof| &3tct o]of tsto] EARZ| 22 ZHTA7E EAF AL o 24 ThE 952 24 glo] EA U =2
EA 7H] 24 jlof| ol BAF AR F2H L2ES Yo @S Tt AEAA A W s XE
(lipid) o]} T2 (protein) o] Holi= EARRL WAl o|9] 7 4% ot & 4= qlt}. EARA |22
g19]of] o2t YAx| 2ol H]ste] BX} AAR 0] 2PAlof| 9J517] wiizo]] iAo 2 Hr} u|A|A Q] AA YUY
e gAgo| 7Fssit sigle] aHQl 37] 5, AXEQ 2AILlA Q] sfEe] PAET} YR 2H R EX]

= &S 2 ik
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g AR 2P A7 | 2 Y-S H83 FHEA A7 |2 Y50 e A A2 Y-S 5, @A, EAVHA
Sl Qe U 35 = A F A A 52 7H 84lof| olste] sk uigFo & AofshA L sie o] ¢+
AL Fol=olth 53] fF=A7|2d Wl sto] Alojd £ 358A 9 a2 HH =9 gHA o
At Qi e dHEZ YA ool 2 Al m o1 gtk 22 35314 $=47]12Y dhg o] &
FTREA 2z G e A (graphoepitaxy) ol 23t EF 3589 A712F Aloj= ZAId Ui HHEZY
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F7| 5} e~ vl 2k el slel uf e 9] LER(line edge
roughness) 2] gFAto] 753tk

ol2fdt A= H WHle] FEE BHcke IS
A, AR A 0] AR, 241, )2 7 A
o] A7 B, 7)1 FH), oW WY F)= U=
= =, ol IS P 1 B Age = 9l
3| Aol of3t Algzte ol ot A= T AAIA
A B0l 2 AP Uk wEbA o237t A3 ake
off &3t ARHA, BAIA &AL o)L, Bt 2o 225}

8-site bond fluctuation model

——— Dynamic Monte Carlo

Trial move: R (t 4 6t) = R.(t) + e(t)

Metropolis importance sampling with
8-site bond fluctuation model

Ri(t + dt)
Ri(t)

. B
Ri(t + 8t) _{ for Proyre 2 €

otherwise

V(R}) — V(R.)

P y =exp | —
R—R ][ kT

18l 2, 8-site bond fluctuation 22 (2Z)0f| 2|Gt dynamic Monte Carlo
DAL RHO TR ¢ o AlZtol| R, (¢) K|l U= A2lQ| H|E 7}t random
hopping unit vector e0ll 2| hoppingst hopping HE2| AJAE! 0f|L]
X QI V(R) - V(R) ZRE| HOIX|= Ho| B P, 0 23 ot AlZt
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Al/gol thgt s d Wi o 2 A YRR, HiemT2 3719 &
2 QA2 A A2 3Hrenormalization)Sh= HFA] O] | 2 A
AY YR} Zd(particle-based mesoscale model)e] <Jst
2 s A1) Altate) S 9] 1317k ok
2} s}k eld I (chemical potential field)L} B &=
(density field)2} -2 HE(field)ol &3} 7|&3sh= B= &
o] oJ3t A} HbHo] Ql=d], W= BAP|R(field theoretic
simulation) £5F 358A e 12E A5l 3o
Al wl AR Rl WhHo| Rt 1 7o) @ A7} 7| Ao s
A& el AlEE] 453K dominant compositional fluctuation)
of oA A 27 AAH ks, o84t B 7H
(mean field approximation)of] &J&3}1 Qlct. whabA] B}
o] 2 BE T 72 S0k HeIA, A
Q1 257} 9ol Th2 R T2 7o) FRAE AR
Ag EE 35UAY T2 diSolle I Aol AiEe
2 gojx|A Hrt ojet v = v|= A} Hdle 2F A
£ vhgstaL QAR A o2 7 AJ7Ee] ALt AJTto] 29
Fof Fa2%l F7 9 A7| 2 EART e
o] ok & oAM= ARAL E5 35TAE BlwA 7t
ot 2o o3 st 2F Avt WPt aEA Akt
AR SRl & = Y= AAHEAL B2 A, v 2 A1
AR} A1 9] AL 9] 3t £29] 8-site bond fluctuation
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otherwise

o if

Ra,i - Rﬁj| =0
E (Rali'RﬁJ) Ve if |RM. - Rﬁ,j| =2a,v5a,V6a (3)

0 otherwise
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9] 4% 2 oUA|Q] e ©]F HIE A-, B- B]E Alo]ofl=
e=kT x /zy (kT: thermal energy, x: Flory interaction
parameter, zq. effective coordination number), §5 H|=
Aolofi= e=00]t}. 18 29| 8-site bond fluctuation model
o]l 23t dynamic Monte Carlo HA}F B'H-& G oFs}9T}.
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