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sl oo FERAxE 2Feta, WA Wk ag] &4 dA7F gaQl 7 ofd &S]l Ae=E, 5 Y
] 6 w3k ﬁ]Eﬂio}%, T Sy o] e wixEy) =3 e ]EO}%"]B}. Tk, 2 g FE
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o] 01 <, LER (llne edge roughness) 2 LWR
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53 £k, PNAS ALIZSoR Agata, 94 32 wEst BEOE Nt SHRe 2850w A
8T # k. ol mek, Y S0l AUskd oFRE FEFFAS ATY F Jov, AEL 2 Fof 4
W oUEg A4S A £ da, nEAe] AEe dud o FAHeR, ¥ wgel U oo ue
o325 TFUAE LER®) 3.3 m olakeln], LIRe] 4.5 m olstel HWE B 4 Uck. ol LER % LIRS
Sere HAMOE Fed AA FAY 5 Yo, TALOR A4S FW, 0.1 m o4 F Uvh

gk vt

4% 5 »)\EE‘% o] &

sto] F= Zlo] ubghAEd, olw, x> E2-ss FsAs ﬂJr?/‘r 1E1(Flory—Hugg1ns interaction
parameter)®, AIEZIH A258F 119 HSA4E&ES FXFAZ koI, SAXS(Small-angle X-ray scattering)
=4S Z3 dolEele HaF o]Z(Leibler's mean—field theory)ol uwe} A 4= 9},

XA, SAXS SAHS F3Fe] Aol Axel s, A7) Leibler's mean—-field theory?] ©]|2% 325 %3}9]

o =4
5 T A x#e 722 U e, F5= g ofeeh 2

KIS(@) / W(q) - 2x1 "

—
~
fla]
~—
1

S(q) = <Sx,x(q)>v + 2<Sx,y(q)>v + <Sy,y(q)>v
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W(a) = <Sex(@)>y =<y ((@)>, - <§; (q)> v2

2 (2)
<Sx,x(q)> v = rc,nfx 0 8x n(q)

(1) (1)
<Sx,y(q)> v = Ten fx fy 8 ' ,n(q) 8y ' ,n(q)

/
Fen = (W New + vy No) / Cvy % vy)

gx(l),n (q): 1/Xx,n {1_[Xx,n ()\x_l) + 1] 7()”(71)71}

-(Ax-1)-1

8.7 (@)= Uxn 4-1 + [xen (MmDH1] }

%= Newby / 6) @

}\x,n = Nx,w/ Nx,n

v, = XY 2 Rujelm (em/mol), fy ¥ X o ®sulelth. N, ¢ N, ¥ X 259 £ Degree of

polymerization® % Ho Degree of polymerization ©]H, by += X 9] segment lengtho]t}. SAXS A ZA}
B3 Ao EF FFAAY x> HuUE AUt §le ¢ 25TolA Y] x #E olu| s},

Bl A AAEHES Leibler, L. “Theory of Microphase Separation in Block Copolymers” ,
Macromolecules 1980, 13, pp. 1602-1617 % Hashimoto, T. & “Order-Disorder Transition of Low
Molecular Weight Polystyrene-block-Polyisoprene.l. SAXS Analysis of Two Characteristic Temperatures’ |,
Macromolecules 1995, 28, pp. 6825-6834Z %3 4= 9Jom, oA 2o & PMMA-b-PS o]FE= FEFA | o
3 AAEPRS Zhao, Y. % “SAXS Analysis of the Order-Disorder Transition and the Interaction
Parameter of Polystyrene-block-poly(methyl methacrylate)” , Macromolecules 2008, 41, pp. 9948-9951<&
g 4 9lar, 4] 39 =Rl ZIAlE AR B gAA e VAlE A U Aow HAFHEY.

R A7 A S

n2

AABA, B el A ool WE o]FRE FFWAL 25T xgtol 0.01 WA 0.269 & ow], 1
0.109 % gitk. 471 WA BE IFEA} et T2 e

o

olst Z2 x#E olTEFE T IA ZAFI A2EFol Z=SiE wbade o EE&d uwet 24" s

sict.
FAHoR, B Uy 4 do] M2 o|FEE FEIAL o] AN 1& wEae 2d & A,
(24 1]

1,000 < M, X m X (a/5) < 60,000

o|HH, olFEF FFHAY FHA EAEH A2ESdd =® wHETg (o EEE E vHEES Cd =99
Fe] =5 8oz, #A4 15 WA 5 glem, ol me} 25TAA e x #tol 0.035 WA 0.10 7HA]
[ai3 =

e
o
S
&
~
o
D
=
&

4l u}
dE Fol &, olgeT To A dAlel =9
stek 35 WSk olT e T Al 4,
C ]

o)
i=] ’
Unk F2 X188 49, ax 1o]a, X, WA X; 25

2 o] o oo mE olFEE FFUAY FHAEAZFS g dodZ 5,000 WA 500,000 g/mol, H}
FA A= 10,000 WA 300,000 g/mold 4~ AT, BF FFEAY vt X]4=(PDI: polydispersity index,
= Mw/Mn)= B A A& 1.5 o]at, ulgAsA 1.0 WA 1.2¢9 = vk, A7) g AgsE FHg T8
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AAlel 19 A ANAS AREsElen, AIBN At ZHAJA] ] 20 =%, SERO](ST) 2 HEEF 9 2 2 F =l
(PFS)e] &= sb7] & 1o 7]A1E nis} o] 2ejste] o|F=F T3S T3

[HA]e] 5]

AIBN(Azobisisobutyronitrile), RAFT A]€F(cyanoisopropyl dithiobenzoate) % WEWEIZHH]EE 1:5:1500

o FH|E WAl &3 (FFE: 50 TZFDAI7IL A& 74 80TE 6A17F WHAIA A AIA (53 i

AgEs 21,500, A ®3E:D 1.2)5 AT, o5 AWl JHAJAl, AIBN, ZERo]I(ST), HEREF Q= E

(PFS)& 1:0.2:450:509] EH]& tho]ate] Sl (FF%E: 60 THW)AIZIaL, A E7|olAM 70TE 2447
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¢
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A 2Eto]A(ST) 3} HEEF 2 2 2E(PFS) Y B2 317 £ 19 71A
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AAld 13} sl Adsts, b dRFAe] m4E shr] & 1o ZIAE viel 2o gty olF s T A

Al 58} sl Hdsts, b @A m4E shr] & 1o ZIAE viel 2o gty ol e TS A

AIBN(Azobisisobutyronitrile), RAFT A]2F(cyanoisopropyl dithiobenzoate) 2 wWEHEITZHo]EE 1:5:1500
o] Eu2 WAl &8l(FFX: 50 TFBAZIL A A7 80TRE 6A1F wHeAIA Al MAIA (=3t
WA 20,900, AFE BE: 11DE AT o] F Ad] JHAIAl, AIBN, 4-ZFFQE2~EJS 1:0.2:7009]
EHZ tho] St &3(FFE: 60 THWAI7IAL, A E97]dA 7T0CE 247 wF
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Al 1 A

=
71 3, AEE 9o]w Al 4000 rpme)

Eeb=ol (R,

30 mTorr 2

upolo] 2 %

A} 71 %

E 39 YRR
[FA 2 2]

ER,/ER,

BAA 2004, ERE

[A2F2]

=
=2
oN,
4P
K
1l

(To - T1/S

reactive plasma) %

A A1E

=4

Ak 170Ve] 2o R o A3dte] A
electron microscope: SEM) H=+ AFM(Atomic force microscopy) AFAS #33lal, SuMMIT SoftwareE ©]
st7] #AA 20 whe} o Hdeld S AXtste], ol

ALEE Y P55

T A2EES 27 FA@elH, T2 o %

12, 2 Hate] 1 WA 4ellA 4

EER 30x =9

A (thermal annealing)dlo] A7) %9

Y pattern® CD, LER, LIRS Z43I3itt.

g olF

B
o=
Pt

29

(nm/sec)o|™, ER&

ol A A1 7k (sec) ol t}.

rE Jh

A
S
=

F B2 yEIAute] PMMA E=S AASH] 998 RIE (reactive-ion etching)E F3)s+$itt.
719] AL 60WE A3k,

1}:]§_O
=1 =2

A2 o P&=

FeAE
RS

A
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3R A 13} FAsA DB
F4L AAd 59 BAsA DB

ool oF 1.0 FP%e] FEZ F31A
& A7

WS Zalzul QL% 45 scem, OFE

%, 2EAe] giste] SEM(scanning
43}

(nm/sec)©|t}.

5 Als

u
Pﬂ
rr

*1

l:n:m(ZE8) M, (g/mol) M, X m X (a/5)
A 1 0.5 : 0.45 : 0.05 95,200 4,760
AA 4 2 0.5 :0.35 : 0.15 108,400 16,260
A 3 0.5 :0.25 : 0.25 110,650 27,663
AA 4 4 0.5 :0.15 : 0.35 109,700 38,395
A 5 0.5 : 0.45 : 0.05 42,200 2,110
AAd 6 0.5 :0.35 : 0.15 41,600 6,240
A 7 0.5 :0.25 : 0.25 41,900 10,475
AAd 8 0.5 :0.15 : 0.35 42,700 14,945
A 9 0.5 :0.35 : 0.15 43,000 6,450
A A4 10 0.5:0:0.5 111,480 55,740
AN 11 0.5:0:0.5 43,000 21,500
A 12 0.5:0:0.5 42,100 4,210
Hlale 1 0.5:0.5:0 107,200 0
Hlale] 2 0.5:0.5:0 42,100 0
Hlwe] 3 0.5 : 0.45 : 0.05 122,400 5,580
Hl3ld] 4 0.5 : 0.45 : 0.05 55,100 2.755
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¥ 2

Fpps PDI X &
A 1 6% 1.25 0.0324
AA 4 2 16% 1.25 0.0580
A 3 27% 1.25 0.0615
AAd 4 38% 1.25 0.105
A 5 5% 1.20 0.0306
A A4 6 16% 1.19 0.0570
A 7 26% 1.18 0.0610
A 8 37% 1.21 0.11
Ao 9 15% 1.20 0.0524
A4 10 50% 1.26 0.12
2AE 11 50% 1.24 0.12
AA A 12 - 1.19 0.0916
Hlae] 1 - 1.23 0.0275
Hlaof 2 - 1.18 0.0306
Hlale) 3 5% 1.25 0.0291
Hlxof 4 4% 1.20 0.0277

71 3% 29014 Fes © 371 g8k 2 dlel 2 o] ' WEREFLZAE-Y|(PFS) WHET9le] ER&EA,

FAISHAl, PES &5 / (ST & + PFS &57)E <Jv|git}.

¥ 19 71A1E wps} o], E ur

gt o]FEH TTHAE Azt

©:

of we F717h melE wEwe) 02 mielal, 7h wnusle] BRas =

S, Al 1, 4, 5 9 89 A%, WEFEEoRAEUE WEUY (2 dddE BT, wEu oo By
#o] 0.1-0.32 tha wolgel wel edel Fxol due FRdon FAHY, s7] E 30 JAwE vhe
wol, o3 & wlAsEe] Fdo] tha WolWL HAY = UL,

B, AAle] 10 B 119 A5, ¥EE9 o EE&o] 0.1~0.35 A gloldel upel ghda} Fxo] djwle] tf
2 =Rt sHAl F8 A

AAe) 129 A%, BRI Co BEo] 0.32 AAA Holdel® BT, 2EAs =dH B S} st
ol wel, o|FEE FFFA WA FHH F £/ AAs zdso], P T2 Il YR I
A 5 Ak,

whg, wlane] 19] A%, ehele prel sle] P4 sglen, Y 54 B ¥ ¥ 3% Ba FEshs
st gol, o3 AEgo] MAdle] ma) WolgozA A, D, LIk R LERS] 54l Asge 9T 5 Anh,

Hlule] 39] 75-, ehdel sielo] tha BAsHAl FA4HEN e, oY 54 9rF 3 % 38 3 FEshe nkst
o], ol deiido] AAldel nlsf Hoj oz 9x], D, LWR B LERS] 5] Astd& AT 5 3ot

¥ 3
25 1t I A (o)) LWR LER
oA ey (nm) (nm) (nm) (nm)
A9 1 4.6 46.740.26 25.940.23 4.23%0.25 3.3840.20
Ao 3 5.1 55.8+0.15 22.140.21 3.8840.31 3.1440.12
A9 5 4.6 42.140.22 26.240.23 4.7840.19 3.26+0.19
A 7 5.2 28.3+0.17 19.240.24 3.07£0.13 3.01£0.24
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