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Fa A Ee) gl RS A4S 4 Ao HE elAelAE= oF 10 nm WA 40 nm

20 nm WA 80 nme] 7HE & A =
AL 7HE YU 50 9 20 nm WA 80 mme| HEAS FASHH i H] = FxY

o yu], o4& &4 4
THE 7hsslitt.

TR, A7) FEelA v Aoy v FEo] 2 T (aspect ratio)E THAES & < gl

A7) A BE FFEAY oln @ 2L Audon AAd: #AL 528 ARHA 91, AF 59,
aRAR APF A4/, oE W, A9H 5 2Ase]l JHoR ATEY BEL AASE P4
ASE oAtk ol A% AL 2Ab 2AS B FEEAY L5 Fhol mebd AgHn, o 59, o

A8 2] ololA] ;A g A Foz Aeste] A M o5 RaH ATNES /12 AASE WA

Aedoz BEo] AAY nEARS vhrAR sel /e AP WAL Sus AWHA gu, 98
v & %

=
>

Ir
o
M
L)
A
oX
o
o
&
Qﬂ
-
vl
o0
=
oo
b
2,
>
fol
i)

2
o
fl
>
ofo
i)
4
30
rlr
8
Jfu

34 dde vehls =welr.

= 3 WA 102 aFAEe] SEM ARE HolFE kwo

e

T 11 WA 15+ 247 GIWAXSS] B4 A3E RoFE =molr),

1
—
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lo
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>
==
o
=
)
o
)
24
ol
N
do
S
ol
1
tilo
2
>
)
(o
fr
f
2
N
rir
[
g
o
v

= =2
ot B Edol mEi A R o Falol B FUS wot FAS A@sht, B 249 Wesk s A
AE Aol s AgEE A ok,

1
Lo 2

S 5 mm B3 (probe)S 7}A:= Varian Unity Inova(500 MHz) E3FAS F3Fel= NN
& AR&ste] A=olA it MR 548 &(CDCly)oll 4 iy =425 °F 10 mg/ml H=9

2. GPC(Gel Permeation Chromatograph)

FHFEAEFM) 2 A EE3= GPC(Gel permeation chromatography)E AR&3&te] =439, 5 ml Hfo]
A(vial)oll AAd T vude 55 F33A e At AAA 59 B4 B 98 93, oF 1 ng/ml 3
9 F&7F ¥ == THF(tetrahydro furan)el 3|48t} =1 ¥ Calibration
|22 syringe filter(pore size: 0.45 mm)E E3] AP T =A359).
technologies AF®] ChemStations AF&aFI o™, Al=9] elution times calibration curve®} H]uldte] F &y
FEAFM) L FHFEAFO0N)S 2HzE FEkar, v S (/M) 2 BEASEZ(PDDE AMEdn. GPeel =
g Z212 shr)et 2.

oo
e
P
>
i
'S
i
>
2L
£
by
o
rl

>

o
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[0140]
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<GPC =7 27>

717]: Agilent technologies AF¢] 1200 series

Z1¥: Polymer laboratories AF2] PLgel mixed B 27} A}-&
& THF

A2 35T

o
I
off

% Img/mL, 200L =%

=]
HN
>
K

g Z 2 dp: 3900000, 723000, 316500, 52200, 31400, 7200, 3940, 485)
3. GISAXS(Grazing Incidence Small Angle X ray Scattering)

Ab 27F AFRHGISAXS) BA e, Ea1%7] 30 Weel g o) 43
Fo2WlA(fluorobezene)ol] ¢F 0.7 TH%2] 1HE TE=Z

2 |
24
i N
e 2

o

Al F 5 el FAZ <7 =Esdrl. mE WAL 295 AEZ 245}
Zel: 1.5 em). HEE nEAILS F 0CY %ol oF

b A <4 (thermal annealing)AlAA e F+2E skt oloA, AR Fx7F A4

Ak, =l AAIZEE Z1Ae] QIAIZE Abele] Zhwe| dfdsh= oF 2359 WS e
I o

A7tz dol: 1.5 cm,
16

o > =
N

o
oift
o

(¢
B\

Q ox o & 0 @

Aok, VARE A5 29ES 7HA = 71A(F Y (piranha) &0 2 Aol F=g digh
AT BHE 7R = 7) A (HMDS(hexamethyldisilazane) ® *]2]
= 718 E AHESII T

o

gol XA& FIAA A WE (o] e AF FEE
o z Q. q

glo]l e E5 TFAE AAT Fol
=

e N2 A, doz 3d WS A8k 2l 1)
rlo g2 FASte] 4bgt WE 9 wXE Fo] ARE 4. A7) 24 Alde 28| (origin) Z2IHS H§
5 = FE& wo]~elQl(baseline) o2 Fro} A

fitting)sta, ¥ ZAIZFE 7] At
)& Holxw 0.96 o]l Hw% sqrh.

JEjo} Wk ES Frekgivk. 7he-Al]E 9" Al R AlF R squar

5. ¥4 A 573

=1
g
=2
rs
R
rlr
i
oL
o
ol
M
%
N
S
=
o
(o]
w2
=
o
fo]
@
=
=
i
<
N
(@]
=
=
=)
(]
w2
w2
~
=
Lo,
e}
w2
=
—
[e)
(e)
2
i
il
>~
=
ofo
ofi
Qo

ol °F 50 nme] FA L 4 cm2ﬂ F8 WA (LR 2em, AR 2em)oE X
3 Aok 1 AR soF fxskar, oolA o 160TelA °F 1A7F &

(thermal annealing) ATl dZ &HAL 9 A€ (surface tension)o] &A% =

g "golzmgn 1 HE57 = o, doxl 59 HEZ A9 HAAE T3]
AdstA), 71 ZHo] FAHo| g vy =wEk(diiodomethane)S Hojwalar 1 F = =
HHEsle] | dojzl 519 HEZ XY FAAE FEh. TRl geolesae ¢
o] HAAE o]&3le] Owens-Wendt-Rabel-Kaelble 5 ¥ 7+
st W JUAE FIglY. EF TEEA 74

GFAvte 2 AlzH G5 F3HA (homopolymer)ol] thsle] 7
6. GIWAXS(Grazing Incidence Wide Angle X ray Scattering)

2A7F A H7E ARHGIIAXS) BA e, 7M7) 30 Wekele olgste] pastdrh. B4 i vl 3F
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Azd 1. =149 F4

3t7] 3kl Aol FISFE(DPM-C12)2 oo HRxlom Al slitt. 250 mLe] FEFx=Fd JE=EF =
(hydroquinone)(10.0g, 94.2 mmol) % 1-B & X = 6|7F(1-Bromododecane)(23.5 g, 94.2 mmol)S Eil, 100 mLY
ol EYEH (acetonitrile)o] #<l & yjaFo] FEl 7 }P_LﬂO]E(potassium carbonate) Z7}abaL, 75CollA <k

48A17F Bt AA z2ASA HESAIH L. RS F FESE XEE JHRUOEE FEHSEY A ASI WSl
AFg3E oA EUE-E AASYETE.  of7)d) CM(d1chloromethane)JJr 5o =23 gn= Hrlsle] Yagsia,
w3 FUIFE BoMA MgSoel FEAA L skl olojA, A  ARwlEI I A
DCM(dichloromethane)& AF&3te] A nA G HHEU-EoHSAH=)(9.8 g, 35.2 mmol)& &F 37%9] <
582 4.

<NVMR &4 A3}>

10

1H—NMR(CDClg)I d6.77(dd, 4H); d4.45(s, 1H); d3.89(t, 2H); d1.75(p, 2H); d1.43(p, 2H); d1.33-1.26(m,
16H); d0.88(t, 3H).

Zgt2dd A" 4-EuASAHE9.8 g, 35.2 mmol), HENE™EAHG6.0 g, 69.7 mmol),
DCC(dicyclohexylcarbodiimide)(10.8 g, 52.3 mmol) ¥ DMAP(p-dimethylaminopyridine)(1.7 g, 13.9 mmol)&
Wi, 120 mLe] WEAEZ gl =g Hubeh &, AA oF A A 2443 Bt RESAIZY. WhE FE Fo wk
& ol AAdE Y(urea salt) e ZEHZ AASL ESE WEAZ 20| =k AASUT. A AZnfED
oz Agste BEES AASHAL, thA] dolxl AAAES wE

Al A A BAE(7.7 g, 22.2 mmol)E 63%e] FEER A

oo A Atz DCM(dichloromethane)S ©]%
<7 Eo 23 8u(1:1 EF)olA AAgsted 3
Sk,

<MR £4 23>
1H—NMR(CDC13)Z d7.02(dd, 2H); d6.89(dd, 2H); d6.32(dt, 1H); d5.73(dt, 1H); d3.94(t, 2H); d2.05(dd, 3H);

d1.76(p, 2H); d1.43(p, 2H); 1.34-1.27(m, 16H); d0.88(t, 3H).

EREGZE A 1-HE RS AREE A4S Alefstais Alxd 1] £33 WA ow §hr] sheky 6ol shet

3719} 2.

1H—NMR(CDClg)I d7.02(dd, 2H); d6.89(dd, 2H); d6.33(dt, 1H); d5.73(dt, 1H); d3.95(t, 2H); d2.06(dd, 3H);
dl1.76(p, 2H); d1.49(p, 2H); d0.98(t, 3H).
EERNG

SFok4 Gol A R whad 49 44 7loln,

Az 3. 2= (0)e] F4
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[0196]

[0197]

[0198]

[0199]

[0200]

[0201]
[0202]
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-2 REYZE A -E2 RS AFRSE RS AQstaE A 1o Fo WAooz &y 33k o 383
A

Fagsisivt. A7) shgkEel did R 24 A5 S]] YER AT

1H—NMR(CDC13)I d7.02(dd, 2H); d6.89(dd, 2H); d6.33(dt, 1H); d5.72(dt, 1H); d3.94(t, 2H); d2.06(dd, 3H);
d1.77(p, 2H); d1.45(p, 2H); 1.34-1.28(m, 12H); d0.89(t, 3H).

FEERedZ gl FEevEdE RS AHed AL Asetnt Axd 1o #£3 WAow a7 5844 Dol
SEe BASAT. 7] SR dE MR B4 A0E a7l dehnglt,

MR 24 A

1H—NMR(CDClg)I d7.02(dd, 2H); d6.89(dd, 2H); d6.33(dt, 1H); d5.73(dt, 1H); d3.94(t, 2H); d2.05(dd, 3H);
d1.77(p, 2H); d1.45(p, 2H); 1.36-1.27(m, 20H); d0.88(t, 3H.)

(51314 D]

s5h4] Dol R W 149) 42 7loln),
Az 5. 2w (E)e &4

A I-HEREAELS AR AS AdStuE Azd 1o 2@ PHoR 7] ety B
. 7] SEEel @ NR B4 AnE 5o venisic,

<NR 24 43>
1H—NMR(CDCI;;): d7.01(dd, 2H); d6.88(dd, 2H); d6.32(dt, 1H); d5.73(dt, 1H); d3.94(t, 2H); d2.05(dd, 3H);
d1.77(p, 2H); d1.45(p, 2H); 1.36-1.26(m, 24H); d0.89(t, 3H)

shebs) B4 Re B 169 43 270l

GIWAXS @ DSC &4 A}

A7) Aol 1 WA 59 A2t AlxE EFAE AHESte] 6% W FEAE Alxstal, 1 Zztel] dishe]

GIWAXS % DSCE &A% Axts b7l & 1o AeEste] ZIAsiit. 7oA a5 A= FEshs A

E= valdlel A Zh G Al E AREste] AW JiAAlE §Hdeks Aol mhEl Alzsilth. ATl v S 9
A mi v 7t GRS AMgst] A AANAE s WAl el Alxs)

o B gk GIVAXS +4 Ay EW © 11 WA 159 42 7148 Y. & 118 & 152 7}
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[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]
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ZF Azd 1 WA 59 g GIVAXS ¥4 23S RoF= THo|u),

%= 11904 712 ¥ Alo R AlF(R square)S ¢F 0.264%9 3, &= 14904 R AF(R square)S ¢F 0.6760] 5 <
. &= 1594 R AF(R square)> 2F 0.932% T},

F 1

Az

1 2 3 4 5
Tg 33
Tm -3 23 46
Ti 15 44 60 60
M/1 3.67 5.75 71.86
FWHM1 48 13 23
FWHM2 58 12 26
ALEIAYAA (12 4 10 14 16

Tg: FElAo)2=(E9:T)

Tm: &8 Ho|2=(EH:T)

Ti: 5% #Ao|2=(29:T)

M1 &8 Aol 39 HAHAM I T o] ¥z AF(D)Y H&

FWHM1: GIWAXS®] -90% UlA] -70=¢] WHZtllAe] H3I9 wAF(Hg: =)
FWHM2: GIWAXSS] 70% WA 90=9) ¥w¢zte A 3¢ v Z(T9: &)

A B8 QA A 1B AE B4 439 $(=4 Azde] SN R Ba AR 5)

ARl 1.

A zo 19 Ex=m™(A) 1.785¢7 RAFT(Reversible Addition?ragmentation chain Transfer) A]2FQl Alo}i=o] 43
ZEUE Ml Foo|E  38mg, ]z 7fA]A|Q] AIBN(Azobisisobutyronitrile) 14 mg 2 #lAl 4.765mLS 10 mL
Schlenk flaskel ¥x ZHA 87l SlolA] oA 308 B wHke & 70°C°ﬂ*1 4A 3

RAFT(Reversible Addition?ragmentation chain Transfer) T W& FdsY. F & g &9
|l mEE 250 ml o FHHAZ F, S AFstd AxAA, FEN AIAAE Xﬂz‘—é}‘ﬁq. g7
g AAAY] FEES o 83.1FH, FET EAF0N) 2 EAFEZOw/M)E 27 11,400 2 1.159]
Ak, AYNAIA 0.3086 g, HAEZFe22Ed Bew 1,839 g 2 #HlAl 0.701 mLE 10 mL Schlenk flaskel

oo

o
= e o
e 19

>
2l

gy A RB97] FloA] AeoA 308 ZoF wHFE = 115ToA] 4A]7F E9F RAFT(Reversible
Addition?ragmentation chain Transfer) =¥ ¥-g& F33AUtt. +F & ¥g &d4& F& &0 W&
250 mL o] FAAIZ e, 7 oHete] AxAIA A B39 EEFFHAE AU, AV EE FF
A FEES F 27.1 YL, FEHAEAZO) 2 SAFEE0W/ M) e 247 18,900 2 1.190] AT,
B71 EE TTEAE Axd 19 ExmA)ddA FHiE Al 1 E53 A7) AEEFLELEA R )
A2 ESS ZFT. EF F5FAC diste] A4 BHORA, el oid A4 237l 5=l 3W
o thale] Ar] 71Ad WAoo w GISAXS(Grazmg Incidence Small Angle X ray Scattering)E =7A3F Azt:=
L1 ZIAsHAL, A BHOEA Fol gk AR ZASZe]l 60%<Q1 FEWel uigte] 743
GISAXS(Grazing Incidence Small Angle X ray Scatterlng)J AZE T 2o e, ® 1 ¥ 225F 9
o

= Ag-olRA] GISAXSOl A lE@lQldel 3d e ved= s 39T 5 ol

AN 2.

Azl 19 Broj(n) ool Azl 3] Brvl©)F AHEEE AS Asdnis AXd 10 e wes
ARPAAA 2 AEZZ o 2 ~EdS wan-uR sto] B2 ZEIAS A xelgdrt. Ay B2 3EdaAE Az
o 49 Ruwu](Q)oA GHE A 1 E23 Ay AgZ2oz gd Ryt SE A 2 22 x3taict
A7) BE FodAC dske] Al 13} FAEA GISAXSE FasRa, JFA 2 254 BW BTN 9F
g Qo] 3 S Felaqict.

AAd 3.

Azd 19 Bawul(A) tAlel] Azd 49 Rwu(D)E AFREE AL Aoetas AAld 1o Zal= HbAow
ARPAAA 2 AEZZ o2 ~EdS wan-uR sto] B2 ZERIAS A xelgdrt. Ay B2 3EdaAE Az



[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]
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o 59 mer(D)elA FUE A 1 ESH 7] AREFo A el FU8 A 2 BEe T
A7) B E@Ael detel AAld 19} BAG GISNSE FANT, W44 2 254 TW LFN AZ

e 34 wEs gl

A 4

Azl 19 Bx=m(A) Al Azd 59 Rew(B)E AMESE AL AQdstas AAld 14 Fike Wao=
ARAANA 2 HEPZ T2 EAS Rem 2 3l EF FFEANE AZSIT. A7 EF FedAE Ax
o 69 Rxw(B)olA FHE Al 1 EZ3 A7) AetEFezagd Zevda fHE A 2 B2 ¥
A7 B2 FEEA ] tste] AAd 13 59eA GISAKSE Fasta, 44 2D 254 FH BRdA 9Z
e 34 uS gl

e 1,

Aze] 19 B (A) tiale Az 29 Rev(()E AMEEE AL Adstns AAld 1d Fae Waow
ARAAA L ?ﬂﬂ%—%&iiﬂ Gl Eiﬂii sl B2 FSFAE AXSAT. Y] EE I3 Ax
o 29] Bum(®dA FHlE Al 1 ES53 7] HAeEFo 22 Revda fHE A 2 ESS ¥
A7) B2 FEA 0 tiste] AA 4 14 FAEA GISAXSE Faslgdon, A4 2 A5 EW EFA <l

d
Zde] B S SRIH A gkt

Az 1e4e] R=m(A) thilel 4-2vEAHd mead ol EE AMgshe S AlQstals Al 1o F3
= AR AdUAAl R HEEFeRAES EevR o] &5 3T IAE Axdd. 4V =5 T
A= A7) 4-wEA Y WEl Dol EA SEld A 1 B2 4] AEZFR o2 AEHA Barox] Sd
A2 5 . AV BEF A diste] Al 13 FAsA GISAXSE Fdsklen, 54 #
A 3W BRSOl QEHEEe] 3 e ElHA skt

e 3

Az 104 2] E'i‘ﬂ(A) o 2l ell E'ﬂlél UﬂE}i"/‘ﬂﬂo] & ARgshE A AlQstaie AAld 1o Fohe WA
oz AdAAA 2 dEEF e R ste] B FSAE Axsiddv. AV £5 ITEAE
47 =dd UﬂE}ﬂ‘%?ﬂO]g 1A el Zﬂ 1 E53% 47 AeEFe 28 Reds fHid Al 2 E5&
F3sth. A7l 25 FS A diste]l AAld 13 FAsHA GISAXSE st oy, 5 2 A4 319
Riol A AEEQ1e] 31 e FRluA] gkt

g7 Al 2 owjade] ZF A AAA 2 AzE B FEdAl E PC FH ARE 7] & 20 Al
71 A skl ok
x 2
A A o H] o
1 2 3 4 1 2 3
MI Mn 11400 8500 8700 9400 9000 7800 8000
PDI 1.15 1.14 1.18 1.15 1.17 1.13 1.16
BCP Mn 18900 17100 17400 18900 18800 18700 16700
PDI 1.19 1.17 1.18 1.17 1.20 1.16 1.20
MI: AGIZHAIA]
BCP: 5% FFFA
Mn: % 521
LA B
A7) Azxy 2+ BEE F3EA EAS A A3 wHez #E A3E &y ¥ 39 A
71 A8kt
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¥ 3
[0224] A4 H] 2o Ref.
1 2 3 4 1 2 3
Al SE 30.83 27.38 26.924 [27.79 37.37 48.95 19.1 38.3
2= De 1 1.02 0.99 1 1.11 1.19 0.93 1.05
A2 SE 24.4 24.4 24.4 24.4 24.4 24.4 24.4 41.8
28 De 1.57 1.57 1.57 1.57 1.57 1.57 1.57 1.18
SE x}e] 6.43 2.98 2.524 3.39 12.98 24.55 5.3 3.5
De *}o] 0.57 0.55 0.58 0.57 0.46 0.38 0.64 0.13
A& A DA 12 10 14 16 4 1 12
n/D 3.75 3.45 4.24 4.44 2.82 1.98 - -

SE: ¥ oUX(H9]: mN/m)

De: RE(TY: g/cms)

SE }ol: Al 1 BEo] FW oA st A 2 B2 ®H oA oo A

De tol: A 1 B2 WEst A 2 B2e] Wxel zpole] Arhzt

Ae G4 4R A 1 B2 A2 FA4 4R &

0/D: %4 1(ng/(2X 1))l o8] A $A(n: AHE 4 AR 5, = A 98 0.5 m WA 10 mn 9
WA 1 2 93 WAL e B3y} AIFE Ay $4)

Ref: Zej2Hd-ZajuduelIadole B2 F2YA(A 1 22: Zared 22 A 2 22 Zajvdy)
gagyolE BE

=

[0225] A7 2 BE FFAL Adl AAAl diste] XRD HEE B4 A= s7] & 4ol AElshke] 7] AsH H(H]
e 39 7S Akek ME 0.5 im X 10 nm o) WS Wel A W7 BEE A gkek)).
¥ 4
[0226] 2 A o 1) 3.0]
1 2 3 4 1 2 3
q =3z 1.96 2.15 1.83 1.72 4.42 3.18 -
(39 mn
1
)
WA Z (T [0.57 0.63 0.45 0.53 0.97 1.06 -
Q nmfl)
[0227] Add 1. A7 29 549 Bt
[0228] AN = v B2 FEFAS ZF 2 ZWA(fluorobezene)dll 0.7 3%%9] 1IFE L2 FAAA A
0 Al

Ael glolF el oF 5 el FAR 29 IR (ZW WA JFE AR = 1.5emx1.5cm)3kiL, &

F 160° Co] 2o oF 1 A7+ H<¢F ¥4 %Al (thermal annealin
}o] SEM(Scanning electron microscope) ©|W|A|& <
gk SEM olw|A|e|tt. EHORRE FRIEE upel o]
aazpete] gRA o FAHJr,  olol st
o, = 72, HlaLe 3¢ tg SEM AFo|iL, o]2F

oX,

2
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i)
i,

Ll

o W

[0229] Add 2. A7) =9 549 97}
=
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[0231]

[0232]

[0233]

[0234]

Al 3.

AAd 139 e Ao g

Xgkel sh7lsh #o] oA ESs &5 T EA(BCPL WA BCPH) &

ZIHSdl 10-2016-0038711

5 TTdAE Az,

SAS Av) AAAG Bule] 24 52 Fal £4 A9
LELTES

(A2)°] M]£&(A2/A1)

L: A 1 =S gA3=

Al gerael

25 W=D Al 2 $5)
Z

= il
B Z 2oz ~Eldle] 248(194.1 g/mol,
K BNROIA Al 2 B2 7]1ste] et gl2e) WA A 1 5] 7]

ﬂﬂ%?giiﬂ Ao 4

E5

S2) Ael X@t D M K L
BCP1 2.18 1.57 1.79 0.21 11.3
BCP2 1.85 1.57 1.79 0.29 11.3
BCP3 1.75 1.57 1.79 0.33 11.3
BCP4 1.26 1.57 1.79 0.95 11.3
D: Al W (D2) 9] H]E(D2/D1)

Az 19 382 A9 wrEkA|o] E23(346.5 g/mol,
M2)2] HIE&(M1/M2)

MDY A 2 BEES

SEERIENESE ERRE

SAI9l Aol 19] 84514 Ao) wFAlo] S Axje] (34, HDS A 2 B2 ¥

zpe] 52(3, H2) 9] H] B (H1/H2)

&=
7} BCP1, BCP2 2 BCPSOﬂ ek Aatolrt,
_"’:

WAl (fluorobezene)oll 0.7 T%H%2] 1L == AA A X3 FGHAS 2

”ﬂfa iﬁd iﬂ(ﬂﬂ WA 7kR Zol=1.5cm, M& Zeo]=1.5cm)3s}aL, oA

=ob 92 <A (thermal annealing)dbo] =t
& A Oi GISAXS%— =R5 1 1 AE =] e
THoRYEH A7 55 T 49 GISAXS
Atk 1B AIRE, BCP4e] A, WES AAE AT F g

o

E
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Incident angle
015
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EH6

EH7
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I EEEEEXS
Azimuthal angle, w{degree)

ERE D
Azimuthal angle, widegree)

EWHI3

T % A0 b e 4 m =
Azimuthal angle, wi{degree)

W Sme e
N u_.j

L

]
Azimuthal angle, »{degree)

EHI5

S g ds 2 6 20 40 86 B
Azimuthal angle, w({degree)
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E916
BEEERE BE ERRERRRRITERaNE
[ [ W]

—

I

Incident angle
0.15
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