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O
0 Bp H H202(30wt% solution) ° OH NBS Q OH
‘OH NaOH(2M Solution) Q O DMF, r.t
. Br
F R FO '
F \F
o {F%&J o
. HO\B/OH Pd(PPh3)4, K2CO3 OH PBSF ONf
THF/H20, reflux ACN, rt
10 |

43



WO 2018/139767 PCT/KR2017/015256

&
O

06
% O/QZO\O

:
e
&’
:
- G
5

2
BN

seE E¢]

2,
N
£
o
Yy
2,

OO0

3

BTP N oua
Br

3
e

OO

7
&6%

o)
O
I .
.
- 2]
;11 2l
NS
- Plel
ol
[
Q

!

(O
)
(3
e

A Z o F: Z7HA) e Fol Az

49



WO 2018/139767 PCT/KR2017/015256

& o~

0 OH o) PH : BTP, NaOtBu 0 N
__NBS - Br + HN xylene, reflux Q

Q O DME, e Q S - O

xylene, reflux N !
: S

0 oH
0. OH : BTP, NaOtBu o

N

s4{_)

A %4 H: A st He) A =

50



WO 2018/139767

OH
B

HO_ _OH

A Z o

OH
B

'HO.__OH
+ B

Az

2

OH
B

HO.__OH
+ "B

H202(30wt"% solution)

NaOH(2M Solution)

Pd(PPh3)4, K2CO3
THF/H20, reflux

H202(30wt% solution)
NaOH(2M Solution)

Pd(PPh3)4, K2CO3

THF/H20, reflux

H202(30wt% solution)

NaOH(2M Solution)

Pd(PPh3)4, K2CO3

THF/H20, refiux

SPes.

NBS

DMF, r.t

TTA LIy

.1!'§fl§i.r,0H

FLA 55t

51

PCT/KR2017/015256

S

aieq



WO 2018/139767 PCT/KR2017/015256

@
— Br N HN “yiene, reflux
o

K
A Z o L Z 74 83e Le] Az
o Br
0 pH H202(30wt% solution) 0 NBS OH
B‘OH NaOH(2M Solution) OH DMF, r.t Q O
Br

HO.__OH o

Pd(PPh3)4, K2CO3 PBSF
. ( ) OH ONf
THF/H20, reflux ACN, rt

A Z.of M: Z 7+ 33E Me] S Az



WO 2018/139767 PCT/KR2017/015256

S
S B/o H H202(30wt% solution) S OH _ NS OH
Q OH NaOH(2M Solution) Q O DMF, r.t
Br
rfORFO_; D
F N
FFFF
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O
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A O O
Aa U714 500ml T2 vty EzFel seE A(7.56g,
31.11mmol), di([l,1'—b‘iphenyl]*4—yl)amine(10.99g, 34.22mmol )& Xylene
10 220mloll 2743 =9 & Caesium carbonate(12.13g, 37.33mmol)& 7}l
Bis(tri-tert-butylphosphine) palladium(0)(0.08g, 0.16mmol)= ¥ ¥ 3
AlZE E Qb e wRbslgith, A2eE LxE @HF3 filterdte] baseE
AAG Fo Xylened #FE A7 oldobaelol= 18002 A2 kel
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N-({1,1'-biphenyl]-4-yl)-9,9-dimethyl-9 H-fluoren-2-amine

Ao BEH7IM 500ml T2 ute Eek2del RS- A~8.22g,
33.83mmol), N-([1,1'-biphenyl]-4-y1)-9,9-dimethyl-9H-f luoren-2-
amine(13.43g, 37.21mmol)& Xylene 250mlel] €#3] =2 F (Caesium
carbonate(13.19g, 40.59mmol)< H7}8FiL, Bis(tri-tert-butylphosphine)
palladium(0)(0.09g, 0.17mmol)& ¥ ¥ 2 Al F<oF 71E wwbssit.
FEor 2EE FF3 filterstd baseE AAFT Fo Xylenesx ZUFTH
A713 ool Eo]E 130mle 2 AZASIA Ay #FE 2(10.45g, T
51%)5 M Z8HATt.
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Azd 3: 3= 39 A%

o °
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A 9710l 500ml T BbE EE2F0l 39E A6.73g,
27.70mmol ), N—(4—(dibenzo[b.d]furan—4—yl)phenyl)—9,9—dimethy1—9H—fluoren—
2-amine(13.74g, 30.47mmol)-& Xylene 300mlel]l 2AH3] <9 X Caesium
carbonate(10.80g, 33.23mmol)E 3 7F8}3l, Bis(tri-tert-butylphosphine)
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alladium(0)(0.07g, 0.ldmmol)E Y& F 6 A7t ZoF 7}d uwwksgich,
=

F2o2 SEE YF filterdto] baseE AAT Fo)| Xylened 7 Y=3
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15.55mmol), di([1,1'-biphenyl]-4-yl)amine(5.49g, 17.10mmol)< Xylene
260mlol 73 %01 R Caesium carbonate(6.06g, 18.66mmol)S =H7}stal

Bis(tri-tert-butylphosphine) palladium(0)(0.04g, 0.08mmol)& Y& ¥ 6

15 Al Bt bE ok Aoz 2EE Y$F1 filterdto] baseE

AAG Fol Xylenes ZAUES Al712 oHolAE0lE 220ml 22 XA A5}
7] SE 4(7.19g, TE&: 67%)F A ZIUTT.
MS[M+H]*= 640
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15.55mmol), N-phenyl-[1,1':4" 1"'-terphenyl]-4-amine(5.49g, 17.10mmol)<
Xylene 260mlol] $d3] &<A F Caesium carbonate(6.06g, 18.66mmol)S

5 #H7}st3, Bis(tri-tert-butylphosphine) palladium(0)(0.04g, 0.08mmol)<
Y& F 5 A7 B st mUSAd, 4L0R 2EE RFD filterdhol
baseE AAT T Xylene& #AUEFH Al7]L YoM EHOE 250mlo=
AAAsA 7] 88E 5(6.08g, & 56%) & AZsA

MS[M+H]'= 640

10
Azd 6: FFE 69 Ax
[stgt&E 6]
ONf
“ ” e, ‘.
C
O di(]1,1'-biphenyl|-4-yl)amine
15

Ah EHY7)olA 500ml F outeE EFEkaFe] sgE C(5.13g,
17.51mmol), di([1,1'-biphenyl]-4-yl)amine(6.18g, V 19.26mmol)& Xylene
190mlol] ¢£A3) =< & (Caesium carbonate(6.83g, 21.0lmmol)S H7}sla

Bis(tri-tert-butylphosphine) palladium(0)(0.04g, 0.09mmol)& Y& & 4
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2 & Al7]13 oEolAEH o] E 25ml o E A A A 5}
27] slgHE 6(7.82g, & 73%)S A ZS ).
MS[M+H]*= 614
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| EN =
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o | X
Q O . H pd(;;:::)iefﬁ,izcos Q O
Be ‘.
N-([1,1"-biphenyl]-4-yh-9.9-dimethyl-9 H-fluoren-2-amine
10

A 71 500ml T2 Rl" EEaae] FskE C(4.29,
14 .64mmol ), N-([1,1'-biphenyl]-4-y1)-9,9-dimethyl-9H-fluoren-2-
amine(5.81g, - 16.1lmmol)& Xylene 280mlell 3] =<  F  Caesium
carbonate(5.71g, 17.57mmol)&  A7}8t1, Bis(tri-tert-butylphosphine)
15 palladium(0)(0.04g, 0.07mmol)S ¥& F 3 At T 7FE wuksisic),
FeoB EEE WA filterstd baseE AAT Fol Xylened TUFH
Al7151 o dobAHolE 130mlog2 AMAAst A7 SFE 7(5.17g, TE:
58%) & Alzsh3ict. -
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O phenylboronic acid
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5 240mlo] ¢H3] = T oM HAZESEA(120m)E Hr e, HEE] -

| SEAR, WS4

(Ed)dld = A29)Ze+5(0.62¢, 0.58mmol)E Y& %
. .

AZd F AWEE A71D ol YolHHolE 252 ABAEA A7) HEE
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10 MS{M+H]*= 564
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OH
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Ao EHY7)dA 500ml T wbg Egka3d S3HE D(7.38g,
15.19mmo1), naphthalen—Z—ylboronic acid(2.13g, 17.46mmol )<

15

HEgsto]l=2Ee 280mlo]l A3 =9 F o SAZLEFSFLN(140ml) S
20 AT, HEgNA2-(EdEYEAn)Za5(0.61g, 0.57mmol) S Y& ¥ 4
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e, Loz LEE WEn 2 28 AAdw
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i 01] golAlH o] E  250ml =
S

AZd 10: FIFE 109 Ax
[83H& 10]

0 ol
+ Pd(PPh3)4, K2CO3
N _OH
l|3 THF/H20, reflux
OH

phenylboronic acid

10
EH7INA 500ml T vie ZEkade] #EE E(7.38g,
15.19mmol), phenylboronic acid(2.13g, 17.46mol)S H EZ}dloj=2Fet
240mlol] £33l = & oM BN EFEA(120m) S MUbsta, HEZI) A
(Eg)aldEAm)ZebE(0.49g, 0.46mmol)E ¥ T 6
15 wksiglth, 4o 2EE WFn B FE AAdL F
Azxg F 7.%%}%% A7 ool HolE 240ml 2 A AAS A7) SEE
10(8.26g, & 79%) < A=3tot, |
MS[M+H]™= 604

20 Az 11: 332 119 A=
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+ @\ Pd(PPh3)4 K2CO03
_OH
? THF/H20, reflux
OH

O phenylboronic acid

As E9slolA s0oml $2 g Zakazol HEER F(7.77g,
13.49mmol), phenylboronic acid(1.89g, 15.5Imol)E E|EZ}stol=2 Fa
5 200mlol &3] =<l %i M A ETEA(100m) S #H7tstaL, HEZ7]A-

Hxd & FUss 2712 olgotAEHolE 260miE A28t A7) dgh=
11(8.26g, & 79%) S A XA,
10 MS[MHH]*= 654

Az 12: 8FE 129 Ax
(3 E 12]

o
1;
S2uat e o

- G (9,9-dimethyl-94-fluoren-2-yl)boronic acid
15 Q
da 947104 s00ml T vt EEka3d 3¥E G(6.64g,

11.22mmol), (9,9-dimethyl-9H-f luoren-2-y1)boronic acid(3.07g,
12.90mol)E  ElEslol=2FY  240mle]  LHF  =d F M
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RIS =
MS[M+H]*= 786

Az 13: SE 139 A=

Oa 07

N-([1,1'-biphenyl|-4-y1)-|1,1":4',1"-terphenyl]-4-amine

Ao 947104 500m FZ whE
20.81mmol ) |
amine(9.17g, 23.10mmol)E& Xylene 250mloi
carbonate(8.66g, 27.05mm01)£% %§7}5}31
palladium(0)(0.11g, 0.2lmmol)S YL & 5

Fegod 2xE W33 filterdtd based Al

, N-({1,1'-biphenyl]-4-y1)-

PCT/KR2017/015256

o)
Atk HLoR SEE RF

[gtet&  13]

»
»

e

Zeta30  g%E  H(5.39%,
[1,1':4",1" " -terphenyl]-4-
A3 =2A T Caesium

T

Bis(tri-tert-butylphosphine)

=}
Al7]3 HlEgstol =248 250mlo®  AAAs A7l d¥dE 13(11.67g,

F& 70%)S A EzEF).
MS[M+H]*= 656

Azd 14: 3FFE 149 AX
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S gy Q 0
O\ O Pd(t -Bu3P)2, Cs2CO3 N
O * N Xylene reflux Q O

N-phenyl-[1,1'-biphenyl]-4-amine

9

O

Ah B7l0A s00ml B dieg Eebage] sEHE 1(7.16g,
20.81mmol), N-phenyl-[1,1'-biphenyl]-4-amine(5.81g, 23.72mmol)& Xylene
5  300mloll 93] =9 F Caesium carbonate(8.89g, 27.79mmol)& A 7}sta
Bis(tri-tert-butylphosphine) palladium(0)(0.1lg, 0.2lmmol)S ¥& ¥ 3
Az Beh tE mbeRgivth. Aeo® 2RE WEI filterste] baseE
A AHE T Xylene% otz A7l HEZSoE2FE 200mloE
AAA k] 4H7] SHHE 14(8.88g, +&: 7208 AR
10 MS[M+H] = 580

Azd 15 HGE 159 A=
[s}& = 15]

O

S
Q ONf
Pd(t Bu3P)2, Cs2CO3
. Xylene reflux Q O O
N-({1,1'-biphenylj-4-y1)-9,9-dimethyl-9 H-fluoren-2-amine

AL BY7IelA s00ml T2 owbe ESpxdel BekE 1(4.28g,
13.85mmol) , N-([1,1'-biphenyl]-4-y1)-9,9-dimethyl-9H-f luoren-2-
amine(5.55g, 15.37mmol)& Xylene 280mlcll €3] %< F  Caesium
carbonate(5.76g, 18.0lmmol)S  #7}8}31, Bis(tri-tert-butylphosphine)

20 palladium(0)(0.07g, 0.ldmmol)< ¥ F 4 A+ Tt 71E wersio.

Aoz L2 FE1 filterdtd baseE A AT o] Xylened #F=H

15
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Al713 B Egtslo]l S 2 & 220ml 08 A2 A ste] A
46%) 2 A Z=EA

MS[M+H]*= 696

B

5 Azd 16: 3FE 169 A=Z

Pd{PPh3)4, K2CO3

PCT/KR2017/015256

3tetE 15(4.39g, &
[gTE 16]

THF/H20, reflux
OH

phenylboronic acid

k U
da& EH7leA 500ml T vte EEAFd sHE K(9.68g,
10 19.28mmol), phenylboronic acid(2.6lg, 21.40mmol)& HEZ}slol=ZF
240mlol €35 =< %= 2N BZEFEA(120m)S HUbsta, HEZ] -
(EgisldEs )»éa}%(o.es?g, 0.58mmol) & ¥& F 4 A T 7HE
ARkt A20R LEE 931 B 5& AAst FegAviavee®
Az F 29 ‘%%— A7) oEolAE ol E 220mlE AAASS A7) I E
15 16(6.09g, & 54%)& A=sUT. |
MS[M+H]*= 580
Azd 17: 3&E 179 Ax
[sE 17]
20
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° ONf Q O
859 P e _PaPPRO, k2003 _ e O
O/H Q THF/H20, reflux Q C N
Q / O
(4-(di(|1,t"-biphenyl]-4-yDamino)phenyl)boronic acid
Ax B oAl 500ml 52 uwle Zahazo] FFUE A(5.32¢, (4-
(di([1,1'-biphenyl]-4-yl)amino)pheny!)boronic acid(10.72g, 24.30mmol)&
s HEZSIZ2HY domlel A HA F oM SAPEFEA(120m)E

Hotsta, HE7A2-(Egdd X2 )BebE(0.76g, 0.66mmol) S ¥ F 4
AZF Sob stE mutagitd, ALoR LEE Yin B 28 Arsn
Sagauladgos A28 F AEE A7lm odgolduolE 250mIE
ANAAREA A7) FFE 17(7.12g, TE: 51%)S AR

10 MS[M+H]*= 640

Azd 18: 33hE 189 A=

Pd(PPh3)4, K2CO3

R

sptae

J
0
o e
2
O

15 (4-(11,1'-biphenyl)-4-yl(9,9-dimethyl-9-fluoren-2-yl)amino)phenyl)boronic acid

Aa B 500ml T vtE Zt2A30 I5HE A(6 67g,
27 .45mmol), (4-([1,1'-biphenyl]-4-y1(9,9-dimethyl-9H-f luoren-2-
y1)amino)pheny!)boronic  acid(10.72g, 24.30mol)S HE&Z}slo)l= =2 F

20 240mlell &H3] =59 F oM PAZEFEA(120m)E HUtsta, HEZT|A-
(EgddEZA9)2ebE(0.76g, 0.66mmol)S Y& F 4 A 54 s
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Mo FLoR LEE WEN g 3¢ AZsn Regieiadeos
Az F ddss A7IL odotAEelE 25ml 2 A EAAste F7] dEE
18(7.12¢, 5% 519)& Az&A |

MS[M+H]*= 680

5
Azl 19: S3¢E 199 A=
(s 19]
Q O
‘_ﬁ _Pd(PPh3)4, K2CO3 ) O O
OH THF/H20, reflux Q N O
- ';
(4-(di(11,1"-biphenyl|-4-yamino)phenyhboronic acid O

10

A EH7loA 500ml TS vt EokaId &%E C(7.75g,
27.45mmol), (4-([1,1'-bipheny!l ]-4-y1(9,9-dimethy!-9H-f luoren-2-
y1)amino)pheny!)boronic  acid(13.4lg, 30.42mol)& EHE&#slo|=2F &

ogomle] $AE] Hol F oM SALESFLA(140m)S Hrletm, HE 2}7] -

15 (EgudEs )%a}%(o.%g, 079mmol) & ¥ F 3 A+ FY 7t
wHkelth, Ao 2EE WRA E F& AAsty ¥R
Azxs & @%L%é Al713 ool Eo]E 250mlE AAARE Ar] FEE

19(15.26g, & : 84%)E A =3},
MS[M+H]*= 690
20
Az 20: S3E 209 Ax
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o
- | O

: A L
ONf
Q O . O O Pd(t- Bu3P)2 Cs2C03 Q O
N Xylene reflux

di([1,1"-biphenyl)-4-yl)amine

Ao BP0l s0m B2 ve Eaiezd sEE L(5.47,
17.15m01),  di([1,1'-biphenyl]-d-y1)amine(6.33g, 19.72mol)S  Xylene
5 180mlol] A3 =<9 T Caesium carbonate(8.38g, 25.72mmol)& H7}sbar,
Bis(tri-tert-butylphosphine) palladium(0)(0.09g, 0.17mmol)ES ¥ T 6
AlZb Eeh st warslith. Aeo® 2T E Y3ET filterdto] baseE:
AAG Foll Xylenes #HsF A7l odotAEHolE 250ml o2 )2 A 5o
7] sHHE 2006.77g, T8 62%)2 A xS
10 MS[M+H]*= 640

Az 21 FFE 219 ﬂ]z&

B |
sec iRy N
e O

1 5 N-({1,1'-biphenyi]-4-y1)-9.9-dimethyl-9 H-fluoren-2-amine

Ax EH7INAM 500ml T Bty EERAFel] SeE M(7.54g,

22 5lmmol), N-([1,1'~bipheny! ]-4-y1)-9, 9-dimet hy|-9Hf luoren-2-
amine(9.34g, 25.88mmol)S Xylene 220mlo] A3 =< F Caesium

20 carbonate(11.00g, 33.76mmol)S H7}8FiL, Bis(tri-tert-butylphosphine)

palladium(0)(0.12g, 0.23mmol)& ¥ F 3 AlZF &L 71E wykedd.

oo L5 E WBET filterdtd baseE AAT Fo| Xylened TUE=
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Al713 oEolAEolE 18ml o2 AMAASY 7] 3EE 21(10.07g, T&:
64%) & A Z38}3ct,
MS[M+H]*= 696

5 AN 141
ITO(indium tin oxide)7} 1,000A ¢ FAZ w¥e I®H Fgf 7@
AAE A FHFA ¥ =532 MFsct. o] of, AA=EE
Y MAH(Fischer Co.) AFE AMEGoH, &7/ 1 2] Lo AF(Millipore
Co.) AEFY EHFilter)® 2xE Z2lz S/HFTE ALLstith. [T05 30&7
10 M & FHFZ 28 HESY 220 A4S 1083 Ao, F/FT

olLXZHAT olME, dg

tlo

Hioox
rr
mm

o
1o
oo
3
b
P
ojo
_%";L
=
b

15 AatelE Y
__’Z__

20 HTI(1150A)8 A3 Z#3td HF £4352 843190

[HT1]
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olojAl, A7 AF FE5F o & FA 150ACE 7] Az 14
>

7 Z .
olofA, 7] MAF ARF Yol & FA 300ALZ ot et e BHO
5 BDE 25:19] v
[BH] (BD]

]
™
ol
o\
B
ol
&
e
o
ol
o
o
ox
o

4
o

10
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A7) EES Yol vl S3E ET% A7 sSgE LiQLithium

gAstado. A7 "R #EF HAd cAHeE RATAER
5 FEEZZIHOI=(LiIPY 2,000A FAZ &FrEe THsd Ax FUF €
e FAsIH

il
Ho
D)
32
kl

A719] HAHANM [F7182 FHEEZE 0.4~ 0.7A/sec
0.3A/sec, LFUFL 2A/secd] =& & E
224 AFEE 2 x107 ~5 x10° torr® SRS, 87

10 2 275 AU

=
15 1-159] 7] @33 222 72k A3 A,

Az 493 WA BYET 1 04 87 B-1e AEagTE gL
Asls e, 47 AN 1-13 598 RS o8k §7] BF A4S
20 Azaoin
[EB-1]
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Hl ol 1-2
M2 atds GAA S 1 WAl §7] EB-2& AREsIitE de
Mg ol&std #7 BH AAE

21
T

57 EB-32 AbgahiThE

10
ol gat] {71 T A
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R

. O
O
L

J

H o 1-4

Aa 2tds 44 #=E 1t 8] EB-4E& ARt e
s AQdstas, 47 AAld -3 FLdE WS oldeod {7 L 2AE
A 2 skt

[EB-4]

10 - Add 1
A7) AN G 1-1 WA 1-15 2 Bjad 1-1 WA 1404 A F3E f7]

WY Al ARE Asksel, A, £E, Aw, MAE ¥ FY& S

O AFRE 7] ® 19 JeElgth, 1958 3 =7t 2718 =(650nit)ol A 95%F
AadgEd A5HE AZFE 9o,

15
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A Af At s AR E 4
AdZ ) )
(V@10mA/cm®) | (cd/A@10mA/cm?®) (x,y) (T95,
s1E-& h)
AAd 1-| s 1 3.72 5.47 (0.140, 225
1 0.045)
AAle 1- | 33HE 4 3.86 5.32 (0.140, 215
2 0.045)
AAd 1-| gE 5 3.88 5.31 (0.139, 210
3 0.046)
AANG 1-| Fd3TE 6 3.87 5.38 (0.139, 230
4 0.047)
AANA 1-| FFE 8§ 3.74 5.41 (0.138, 220
5 0.044)
AN 1-| SFE 9 3.85 5.28 (0.140, 200
6 0.042)
AAd 1-| 3= 3.81 5.29 (0.140, 205
7 11 0.041)
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Ao 1-| FTIE 72 45 (0.141, 210
8 12 0.045)

AAd 1-| sEE 77 42 (0.142, 205
9 13 10.045)

AN 1-| F3E .98 11 (0.137, 245
10 14 0.047)

AAo 1-| 3= .94 18 (0.136, 240
11 16 0.048)

AAd 1-] = .88 .31 (0.137, 250
12 17 0.044)

AAG 1-| FFE 74 .28 (0.136, 215
13 19 - 0.045)

Aol 1- | S3E .68 5.57 (0.142, 250
14 20 0.042)

AANE 1- | FEE 64 .58 (0.143, 215
15 21 0.043)

Hlnld 1- EB-1 .05 .87 (0.136, 165
1 0.047)
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vl o] 1- EB-2 4.16 4.77 (0.136, 170
2 0.048)

Blile] 1- |  EB-3 4.10 4.82 (0.136, 185
3 , 0.046)

Hl o 1- EB-4 5.12 4,13 (0.136, 115
4 0.047)

FAHez, EY Ay Fojo} T FXEF JHXWA 1¥W 4 3W
Bako]  2B7)7E gle vlad 1-1 WA 1-39] HFEL dAYGAFS
Abgste] AzE f7] BF axe, AAle B G&0] 10% o1, T 30%
ol Wojxl& AFE Vel

3, vlad 1-49 FFEL Foj9f ofHoluly] Ale]e At UEF
dola f7] Wy adtel B4o] 27 UAE 23S BT |

oo, Bl I A9 BYgE A, & aEE FolFE

ZAld] ot Ao] AA ZrletE AL @A & gl

52
+

A 2-1 |
ITO(indium tin oxide)”} 1,000A 9] FA=Z 2ot I9d # 7|&<
AAE A FHFFAN ¥R 2H2 AT, o #, AAREs

03
M Ab(Fischer Co.) #AEE A& or, F/TEE X AAHMillipore

kd

rlr

38
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Co.) A& IE(Filter)2 222 AW SFHT+E AL, ITOE 3087
A3 T FFHFE 238 dbEslo] =3 xS 1087 285, £5F
d E oAZEEYE olHNE, dego LAz 2SI AH

11 O
= =
Btn FzAY F Eekzvl AR £EART. =3, Ak Zezeig

ojojM, A7) AF FE&F Aol & = 150A22 6}71 33E EBE

A7) wmz oo Ayl seE ETE Ayl 582 LiQ(Lithium
Quinolate)E 1:19 Z#H|Z AF =26l 300AY FAZ HAx F55&

AR 371 A2 FEF 0 9l 02 1RAFAER
g EBEZZo|E(LiF)Y 2,000A FAR 4FvgEge F3so a FYUF: %
=52 A8 '

719 FAANM F71E9 FHETE 0.4~ 0.7A/secE FA 32
=9 HFEEoI=E 0.3A/sec, LFPIES 2A/secd TH £EE
sxEgon, A JFEE 2 x107 ~5 x10° torrE A&k, §7]
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AA e 2-2 WA AAo 2-12

_Z_O
do
<

Ho

el

o] &8ty Ao 2-2 WA 2-129]

H oo 2-1

}7] HT-1&

5

33HE 1 Al

ag
ANd 213

I~ 2
S =

+

_Z_O
do
G-

Ho

el

o] &3t

. O~E

Gt

ao¥

1

__OL

—

Ho

e}

7]

[HT-1]

H| e 2-2

15

171 HI-2&

]

e 1 oA

‘Z_O
o
e

Mo

oze]

s}l

o] g

Azarge.
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Hl o) 2-3

}7] HT-3&

5]

e 1 Al

No

Ho

jruzel

(HT-3]

B o 2-4

10

o

Al

B3
——
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olo

Al skl

[HT-4]
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A 2
5 A7) AAle] 2-1 WA 2-12 2 #lma] 2-1 WA 2-40]A A=ty §7)
ol AEE ¢rtele], AL, BE, I, MAE ¢ FHe =Hsn
: )

O AFE 7] E 20 YT, 1958 57 2713 E(650nit)ol A 95%=

10 ' [£ 2)
A AL a8 Az o
FEZ ) )

(V@10mA/cm?) | (cd/A@10mA/cm®) (x,y) (T95,
gl ehE h)
Ao 2-| 385 1 3.81 5.53 (0.140, 260

1 ‘ T 0.045)
AAd 2- | 3EE 2 3.95 5.42 (0.140, 250

2 _ 0.045)
AA o 2-| 33E 3 3.94 5.44 (0.139, 255
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3 0.046)

AAG 2~ | gEE 3.96 5.45 (0.139, 275
4 0.047)

AA e 2- | 33 .87 5.57 (0.138, 265
5 0.044)

AAd 2-| 3= .99 5.38 (0.140, 245
6 0.042)

AN 2-| e .91 5.39 (0.140, 240
7 0.041)

AAd 2-| 3= .82 5.59 (0.141, 255
8 10 0.045)

AAN G 2-| FIE .85 5.55 (0.142, 240
9 15 0.045)

AR 2-| FEE .01 5.26 (0.137, 280
10 18 0.047)

AAld 2- | Sg= .86 5.43 (0.142, 270
11 20 0.041)
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AA 2-| 3= 3.73 5.42 (0.143, 265
12 21 0.042)

Hl o] 2- HT-1 4.13 4,83 (0.136, 200
1 | 0.047)

o 2-|  HT-2 4.921 474 (0.136, 215
2 0.048)

Hld 2- HT-3 4.29 4,87 : (0.136, 220
3 0.046)

oo 2-| HI-4 4.92 4.10 (0.143, 110
4 0.042)

F71 & 2004 ®BE oukel Zol, & dHgdd & gES AF

5F02 Mgl AR 47 WY 27 Fye] wads §7] w3

AN

azboll wigte] AFa L, FEAG, FH R B FSHAM ¢ des

TAMoz 2y wHo Bojd P TzE AWM 1¥ 2 39
wakel X877k Qe HlEma 2-1 UA 2-39) HARL HAITFEZOR
Festo] AlzE §7] % A, AAld by T80l 10% oA, FHLS
o)y Wolxe ATE Lehigic, | |

7 wlio] 2-49) HFEBL B0} o}Holwly] Alole At YE
oA §7] B} Aol B4 AA UMAE ARE B,

>~
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(3789
(%73 1]

3t7] #ek4] 12 BAYE 3gE

(382 1]

X B Ar1
(R1)a1 /
\ / : Ar2
A

LS 99 23 A Ex uXBE G oFZA; EE N xE
Bl EE 0, N, Si R SE FAHE To2TEH dddHe dHEzdAE U

250 SNE|Zo}Holal,

Ri& F2; FFa; T2 Aotk YUER; oflw; A8 EE

A EE Ce 5 B EE HAEH G TEEH; AY EE
BAZE Crg ETAL AT T2 HASE Crge TELFA A Es
B A BE Cog ACIEZEZ; X3 EE HXTH G AL AT =
H X 8E Cogo oFH; X8 Ev HIXTE Cog OFHEZAl Te X T
MARE N, 0 % ST TAHE TORRE HSHE dAHZURE 1) o4
EF3tE Cpgo BB 21 7] 0]

.
al2 0 WA 49 Aol
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(47321
A 1o dolA,

Zv WA e A4 SHEALER, Fa FFA TR Aok,

10 HEZ,; o]»U]L—_-; Ci-20 Sl A Ci-20 gtz o7 ; Cé-20 olgdl; 0 EE Sg]

S ZYUAE 17 o]A E&alE Cpp B EolHo]
| nl WA n3: 7247k Sy oz, 0 WA 39 Aol

[7& 3]

15 A2atel dofAf,
A 2 B:=E Zz Eyzyoz U FAHE ToZEE MEdE

83



WO 2018/139767 PCT/KR2017/015256

tuel, e

}q\ >J\J\ '}K’ | SR = le\J\
ﬂ/g ﬂgij S I\ P
> F

10

H ) H A \;a/'



WO 2018/139767 PCT/KR2017/015256

[+ 6]
A1l oA,

Ary B Are 747 EY¥H oz, R FASHE FoRRE ddse
5 ok e, IFE
(Z11)m1 (Z11)m1 212) (Z11)m1 Z12 213

7114
Y2'1L:_' O, S, EE‘E‘ CZMZlg,O]jl,
10 In WA ZisE A4 EEHOE, Fi; FFa R Aotk

JEZ; oluli; A, Crp B G TELZ; Cey ©FE: 0 EE $9

A ZQAE 1] ol EFEE Crn HEHBoIHOE, 7y R It AME
AAF 98 xE Y s dAY + AL,
ml W2 m3s 4z Sy¥H oz, 0 WA 39 HFolo).

15
(& 7]
A6l AA,
Ary 2 Arpe 47 SHAH LR, VIR FAEE TLERE Agy

o= shikel, B
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