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B2 (2-HE-8-FE ) (I-HZEaE)eF v F, H) 2= (2-H 2 -8-
FedUE)C-UIEHE)ZE Fol doy, o FAHA gevt,

AHEEE A wel AW w3,

A7) #5412 EASE #3220 o)g xda: 47 2%
27 AzE o8 ANdN TAHor Agwc. Iy &)

Ands B oawe dAss] 9@ Ao, B uwe Wt oS
ool #AHE AL opr,
Az 1
“a o =
20 Ty — D
Q‘O o © Q‘ (2
Ho* B on O

Aa 29710 500 nl T vl EEaAd FEE A(7.45 g,
19.01 mmol), 2 #¥E al(8.80 g, 19.96 mol)< ElEe}slo| =2 F T 280
mLel $AS] =9 F oM BAFEEFE Y140 mb)E HUsta, HEZT|A-

YZelE(0.66 g, 0.57 mmol)S ¥ & 4Az F<F 1E

ﬂvﬂs}oﬂu}. HJeom  exE  Uxy B 2S5 AASD
FEAM IO E Axe & AREH A7) oA HCOIE 320 nLE
xﬂ%ﬂ@é‘}@ A Zd 1(12.68 g, & 881 E A XY

MS[M+H]™= 754

Az 2
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X0 N a0 ;
HO‘B~OH .Q
A a2 2
A4 E9719A4 500 mL s vte ZetsF 33E A>6.28 g,
16.02 mmol), @ 3}3E a2(8.09 g, 16.82 mmol)S EH EZ o= F & 260
mLoll $A3] =Q F 2N BAEETEA(130 )= HUlekal, HEZI| -
5 (EgdEz2a)ZetE(0.56 g, 0.48 mmol)S 2& F 3Az7F o 71

wykshgl. Aeoer 2EE 0 HFu ' TE AAsx:
A

ANAAR Bt Az 2(8.76 g, T&: 73S AxEYPrt
MS[M+H] "= 794
10
Azd 3
o
g
. . %j L

HO™ " 0OH
A - . ; v
A2 B7A 500 al B v Bekxdol BHAF A (5.97g,
15.23mo0l), 2 3FE a3(8.49 g5 15.99 mol) S HEZSI=ZF T 320
15 mlel $A3] 59 F oM BAZESFEA(160 al) S Frbeta, HlEHI) A

(EHLYTAm)BelE(0.55 ¢, 0.46 mol)S P& & 447k EoF 719
1

myksigity, Aeoz  exz dEm B2 =22 AAsz
Frgdmiadiecz Axd T AYEH AL HEHsI|l=2FE 250
nLE A ARSI Az 3(12.68 g, F&: 88%) S A3},
20 MS[M+H]'= 844
A Zd 4
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A ) O
Ax BY7elA 500 L B wiet ZebaFe] SEE AM4.69 g,
11.96 mmol), 2 FFZ a4(5.54 g, 12.56 mmol) & E|EF}slo] =2 F & 220
mLoll &3] =< F M b ETEA(110 e H7bstn, HEZST])A-
W)FHE(0.41 g, 0.36 mmol)S ¥ F 247 F< 7
wRkelgitt.  ARo®E REE O HF1 B FE& AAs:
Fradniavigcs Axd & ZAUsS A7|a dEotAlgolE 250 mLE
NAARBI Az 4(7.77 g, T&: 86%) S AZEUT}.
MS[M+H]*= 754

w1
m
o
A,
i\
Hil

10
Az 5 |
oo
20 - O 00 —

Ad Y714 500 ml T ke %E‘r’\ﬂoﬂ e A(7.56 g,
9.29 mmol), ¥ 3}3IE a5(6.50 g, 20.25 mmol)% Xylene 180 mLol] €A 3]
15 %9 % NaOtBu(2.22 g, 23.14 mmol)S #7}stx, Bis(tri-tert-

butylphosphine) palladium(O)(O.lO g, 0.19 mmol)& ¥ T 4A7 &<

7FE wuksit). Ao ® 2 E 3FI filterdtd baseE A 7S

Xylenes ZAYFF A7l oEHolAEolE 180 mLe® ANZAA S ] Az

5(10.12 g, s7&: 780 E A X3
20 MS[M+H]'= 678

—

o
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a6 6

= %Amﬂﬁ 500 mL T wig ZgxFel F3E A(7.56 g,

19.29 mmol), 2 FFE a63 Xylene 220 mLo] &A3] =< F NaOtBu(2.22

g, 23.14 mmol )& A7Veka, Bis(tri-tert-butylphosphine)

5 palladiun(0)(0.10 g, 0.19 mol)S ©& F 4x37+ St 74d WS T

Aoz L2xE  UE3 filtersty base® AAZF T Kylened

AdEsEA 7] dEolMEHlolE 180 mLo 2 AAAstY Axd 6(10.12 g,
TE&: 78%)E A=

MS[M+H]*= 718

10
Az 7
52 g -
49437“ CDGD

Ak EY7)olA 500 oL %% ate Eepado] S¥E AG.98 g,
15.26 mmol), ¥ 3IE a27(5.14 g, 16.02 mmol)=- Xylene 160 mLol] ¢HA 3]
15 =9 % NaOtBu(1.76 g, 18.31 mmol)& F7}skal, Bis(tri-tert-
butylphosphine) palladium(0)(0.08 g, 0.15 mmol)S Y& ZFT 7A17 EoF
7td wRbsiTh. A2o® 25 E @EFI filterste] baseE AAT F
Xylene$ ZEEA7IT oLolAEolE 240 wLoE AARH Aze
7(6.15 g, & 59%)E A3},
20 MS[M+H]™= 678

O
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g
soclNe o :

AL E7)olA 500 nL B vte ZetAFo] I E A4.65 g,
11.86 mmol), 2 3E a8(5.82 g, 12.46 mmol)S Xylene 260 mLol| <A 3]
=9 F NaOtBu(1.37 g, 14.23 mmol)E H7}8bar, Bis(tri-tert-
5 butylphosphine) palladium(0)(0.06 g, 0.12 mmol)L YL T A2 B
tg msldt. Aeor 2EE W23 filterstd] base® AAT &
XyleneS ZFos=A)7|2 dEolAH o E ‘220 mLo 2 AAAE S Azd
8(7.23 g, & T4h)E AZ8%4.
© NS[M+H]= 824
10
Azd 9

@
X0 . oo, pces
Q‘O o . O OO ”
A ) a9 ] O
Aa EH710A4 500 nL T2 uvte £ S3EE AGG.25 g,
13.39 mmol), 2 FHFE a9(4.71 g, 14.06 mmol)-L Xylene 220 mLo] ¢33
15 %<9 & NaOtBu(1.54 g, 16.07 mmol)S HA7}st3, Bis(tri-tert-
butylphosphine) palladium(0)(0.07 g, 0.13 mmol)S 2& & 6A|7F H<t
7tE atelgith, Aoz 2&E 933 filterdtd baseE AAGT F
Xylene® Z4EE A7) oEolAEo]E 220 mLo2 AZAAS A Az
9(6.44 g, =& 69%) S A=t | |
20 MS[M+H]*= 692

Az4d 10

43



WO 2018/216903 PCT/KR2018/004249

O
QQQ o Q O
A . alo ‘ 10
Aa FH7)A 500 ml F2 vl S0 3FE A>6.33 g,
16.15 mmol), % F3IFE a10(7.38 g, 16.96 mmol)S Xylene 230 mLol

AA3 =2 & NaOtBu(1.86 g, 19.38 mmol)E& H7}s}il, Bis(tri-tert-

5  butylphosphine) palladium(0)(0.08 g, 0.16 mmol)E& Y& ZF 4X 7+ Z9F
7tE wEEEIIT. AT 2EE YW1 filterdld] base® AAZT F
Xylenes #AU¢EFHA7I3L oldolAEHo]E 240 mLoE AZAA S Axo
10(10.88 g, & 85%)E A x5t

MS[M+H]*= 79
10
Az 11
LI |
Q‘O ' y _ -
o
B ‘ a1
pd|

94 B97)elA 500 ol 2 uiet Sebxde) ST B(7.56 g,
19.29 mmol), ¥ 3&E a11(6.50 g, 20.25 mmol)S Xylene 180 mLol]

15 @48 %9 % NaOtBu(2.22 g, 23.14 mmol)S A7}8k3, Bis(tri-tert-
butylphosphine) palladium(0)(0.10 g, 0.19 mmol)S Y& & 4A|7F =<t
7tE mersloith, Loz 2R E UE3 filterdld baseE A|AI =T
XyleneS #ZAEHFAIZ)L o dolAlgo]E 180 mLo2 AZAAdI] Az
11(10.12 g, &: 780 & AZ3I3%}.

20 MSIM+HI'= 678

Az 12
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A2 EY7)olA 500 nl T2 vle ZaxFo] FHEE B(4.89 g,
12.47 mmol), 2 3= al2(4.73 g, 13.10 mmol)E Xylene 250 mLol

A3 59 F NaOtBu(l.44 g, 14.97 mmol)& 7}8bar, Bis(tri-tert-
butylphosphine) palladium(0)(0.06 g, 0.12 mmol)& %<& ¥ 3A|3F <t
7t mutelith, ALOoE LEE WET filtersto] baseE AAF T
XyleneS ZUEZAI7]2 o EHoMEHOIE 210 mLoZ ANEAASA A4
12(5.27 g, & 590)E AZ23}H3IT}.

MS[M+H]™= 718

Az 13

=y "
. Q ® O &
B
A2 2971004 500 ml T2 BlY EFAA ﬂ% B(4.25 g,
10.84 mmol), % SHFE al3(5.98 g, 11.38 mmol)& Xylene 270 mLo]

AA3] =2 F NaOtBu(1.25 g, 13.01 mmol)& A 7}8F3, Bis(tri-tert-
butylphosphine) palladium(0)(0.06 g, 0.12 rﬁmol)% ge I 3A17F Fot
7tE wwstglet. J2ow 28 WEI filterstod base® AAT F
Xylenes #AU4EFHAZIL HESS)E2FTE 240 nloe=  AZ2A5HA
Az 12(7.63 g, & 800 E A3t

MS[M+H]*= 882
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B td awkEig. Afez 2EEZ dFxm B & AAsz

BEYARINEOE AEG T PWEFAID NDolAHoE 320 Lz

ANAAS Azl 14(12.68 g, +&: 88%)E A =3-4c).
MS[M+H]*= 754
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oo

c a5 15 O

AL EH71NAM 500 ml T wiE ZEgk2Fel #3tE C(5.61 g,
14.31 mmol), % 3FE al5(6.63 g, 15.03 mmol)S H EZso|=2F
260 mLell &Hs] =0 T M BAZETFEA(130 al)E HIbskz,
& 6AIZE
A 7 8k
E 310 mLZ

HEZ7|2-(EgdAd E2A)ZE5(0.50 g, 0.43 mmol)2 ¥

e ke ke A ' 3

FrietavEgez Az &
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Az 16

LC
sty
Q‘O O OO o N
at6 16 OOO
A2 BY7101A 500 nl F2 wieh Fekaze SEE C(4.25 g,
5 10.84 mmol), % 3HFE al6(5.98 g, 11.38 mmol)S Xyleme 270 mLol

AA3 =g & NaOtBu(1.25 g, 13.01 mmol)& =7Fskal, Bis(tri-tert-

butylphosphine) palladium(0)(0.06 g, 0.12 mmol)S ¥& & 3A]7+ Fst

71E mwkelith. Aoz 2RE YE3 filterdtd] baseE AAZF T

XyleneS ZeEZA7|1 HEsIo|t2FEet 240 mLOZ A A A 5} o
10 Azd 16(7.63 g, +&: 80%)S A=Xst.

MS[M+H]*= 818

Azl 17

49®
ap | N
C al7 17 O
15 AL B7OA 500 nL T2 Wi Zalade] TS C(3.98 g,
10.15 mmol), 2 33FE al7(4.91 g, 10.66 mmol)S Xylene 230 mLol

HA3] %9 F NaOtBu(1.17 g, 12.18 mmol)& F7}8tx, Bis(tri-tert-
butylphosphine) palladium(0)(0.05 g, 0.10 mmol)S Y& & 247} =<
7tE uRkegith. ALe® LEE WFA {ilterdtd baseE AAT £
20 Xylene® #ALEZFAN7|Z HEZHSo|=E2F T 270 mlo2  AAA}
Azd 17(7.63 g, & 80%)E A X8t |
MS[M+H]*= 718
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Az 18

| q99®
498 | OB
O K, — o
o0 = 2
c a18 | 18 O
A& BH714 500 nL T2 vtg Zek23o SF¥E C(4.49 g,
5 11.45 mmol), % 3E al8(4.77 g, 12.03 mmol)2 Xylene 250 mLol
AA3] 59 & NaOtBu(1.32 g, 13.74 mmol)S F7}8ka, Bis(tri-tert-
butylphosphine) palladium(0)(0.06 g, 0.11 mmol)& ¥& ZF 3X 7+ H<t
7tE werEgith. Ao ® 25 E WH I filterdte] base® AAT F
XyleneE 7dx=A7]1 HEZSo|lm2Fe 240 mLe = AZA A A
10 Az 18(7.79 g, F&: 90%) S Azt
MS[M+H]*= 754

Az 19

D

- oo - LOoUn

B/ . ! O . . O

: e | Y

15 A2 BA7IONA 500 il F2 uh2 Sekazel HFE OG5 g,

| 16 mmol), 9 HEE a19(7.45 g, 14.87 mmol)S Xylene 270 mLol

A3 =<9 F NaOtBu(1.63 g, 16.99 mmol)S FH7}sbal, Bis(tri-tert-
butylphosphine) palladium(0)(0.07 g, 0.14 mmol)< ‘é% T AN T
7vE mutslgith, Aoz 255 33 filterdte] baseE AAZH

20 XyleneS ZUEEA7IZ HEFSIEEFE 240 mloz A AASHA
Az 19(8.52 g, & 80%) S AZsHAT}. -

e =

ol
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MS[M+H]*= 858

Az 20

oys OQ

SOOI — Q

Qz : AR Q'O .‘

D az20 20 O

5 Ah F]719A 500 L 52 wte ZEt~30) 3EE D(6.28 g,
12.17 mmol), 2 3= a20(3.13 g, 12.78 mmol)= Xylene 220 mLo]
A48 A T NaOtBu(1.40 g, 14.60 mmol)-S F7F8tx, Bis(tri-tert-
’butylp’hosphine) palladium(0)(0.06 g, 0.12 mmol)S ¥ & 3A]7F &<t
7tE nkEgith, 2o 2 25 & WEFa filterdld baseE AAT &

10 Xylene2 ZEEEA7|T oJdolHoE 220 nLo2 AZARTI A2
20(6.76 g, & TTHE AxzsI .

MS[M+H]™= 726

Az 21

‘ o — Yoo
. Cl » O
e
a2t
15 | O =
Aa FH719A 500 ml T2 veg EZefxFd 332 E(5.05 g,
9.79 mmol), % 3E a21(3.71 g, 10.28 mmol)S Xylene 280 mLol] 2+#13]
=9 ¥ NaOtBu(1.13 g, 11.74 mmol)L FH7}sta, Bis(tri-tert-
butylphosphine) palladium(0)(0.05 g, 0.12 mmol)S ¥<& ¥ 3A7+ FoF
20 7IE mtslith. AR LEE WF I filterdto] base® AAIL F
XyleneS ZaF=A7] o EolAHolE 210 mLeZ AZAdY A x4

21(6.68 g, & 81 A=sA}.
49
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MS[M+H]™= 842

A Zd 22

DiS
9IS ® 900
@00

0 —
P e

A4 BA7IA 500 nl T2 uie ZehkaAo i}f&g F(7.18 g,
12.82 mmol), 2 3ZFE a22(5.88 g, 13.46 mmol)2S Xylene 320 mLol
SA3] %A F NaOtBu(1.48 g, 15.39 mmol)S F7}8kaL, Bis(tri-tert-
butylphosphine) palladium(0)(0.07 g, 0.13 mmol)& Y& ¥ 3A]7F =<t
g wwEdth. Aoz 25 E WEu filterdle] base®: AATN F
XyleneS 75 EA7) ddotAElo]E 210 mLoE AMAAS ] A Zd
22(6.68 g, +&: 8195 Azt

MS[M+I]™= 918

AA g 1-1 -
ITO(indium tin oxide)”} 1,000A¢] FAZ et I”HA {2 7|#E
AAE = FHFA 212 242 MGG, oW, AARE

3] AH(Fischer Co.) AEE AbgEE o, SHRTEE
A FoJAMillipore Co.) AEFY ZE(Filter)Z 2z YA FFHTE
Ag3koT. 1105 3087 AZe & 25 3 whEate] 259 AHE
1027 Jspdet. FFF AFo] Ed F, olAZEIUF, ofAE,
detge] AR 253 AHE st A=A T ZgEv AAVE
TEANZAT. EF, Ata FEERE o] &stod Y] T1wE 58 ABE ¥
AF FA7E 78S TFEAA.

ol@7l Zu® IT0 £% A2 o] 317] A HATE EAHE
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10

SIES 100A9 FAZ E IF &89 AFFUSS A5G, A7)
AFFAZ= Yo 317 a4 HT1oZ FAHE 3FE(1250A) AF
F&sld AFFEEEFS A5 oloj A, A7) AFFES Yol & FA

A48T, o]0, A7 AAAAT ol = FA 200ALE 7] 55y
BiZ EAIH= A= H szl 4 BE BAHE HPY=e 25019
FuE ABFHeel BBFS FAFAL. AV BFF S o T
50AcZ sl sEy mBlez EAHE SEEL AF S
AEAANSL FAAT. ololA, A7 AFAAE Aol v a5
ET1eZ BEAHE SEEBF 57 8o 5= 5
FHR Ae5 2ol 31049 FAZ A4 £ 2 $45¢ FAAALT.
470 AR F9 2 5%

=
gdEZ2gdol=(LiF)Y 1,000A FAR LFuggs =29 23S
B

51
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HT1

LiG

3719 FAANA F71E) Z2HAEEE 0.4 ~ 0.7A/secE FA3H 1
229 YgEZEFol=E 0.3A/sec, YFHEFEL 2A/secd 7 &£&E
FAGG o, FHA AFEE 2X107 ~ 5X10° torr® §AE, §7)
d

AAd 1-2 WA AAd 1-16
Azd 19 #EE g2 87 E 19 7|48 FHES AHg 8 A
2

AestaE, A7 AAd 1-13% ¥ wHo

o
N
ik
o
P>
)
e wlo
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Az},

v 3o 1-1 WX 1-3

Az 19 3FE da 7] E 10 714D dFES AHeeE AL
5 AQstae, A7l AAld 1-13 A3 HHow {7 WG AxE
Az 8171 & 1e|A A&’ EBL, EB2 % EB3Y AFEL 371t
2ot
EBA EBZ EB3
1_0 Agq 1
7] AAd 9 vmdoA Az 7] BF Az AFE
RS W, A, B&, AFE L F9L 3Psu 1 A% &) =
19 JeERRQTE. T958 &7} %27] 3 E(6000 nit)ollA 95%% 7Z+AEH =)
28HE A 9T
15 [ 1]
3= A ¢k a5 R T95
(AARGAZ) | (Ve10mA/cm®) |(cd/A@10mA/cm®) (x, y) (hr)
A A 1-1 Az 1 4,50 6.31 (0.140, 0.046) | 280
A A 1-2 Az 3 4,33 6.53 (0.141, 0.046) | 285
A4 1-3 Az 4 4.56 6.34 (0.143, 0.047) | 295
AN 1-4 A Zd 5 4.40 6.45 (0.142, 0.048){ 280
AA) e 1-5 AZd 6 4,53 6.36 (0.140, 0.044)] 275
A Ajd 1-6 Azd 7 4,56 6.37 (0.141, 0.046) | 285
2 Ao 1-7 Az 9 4.64 6.29 (0.140, 0.044) | 290
A Ao 1-8 A zd 10 4.46 6.44 (0.141, 0.046) | 260
2 A4 1-9 Az 11 4.41 6.42 (0.138, 0.044) | 280
A A4 1-10 A Zd 14 4.50 6.33 (0.139, 0.043) | 295
A Ao 1-11 Azd 15 4,53 6.35 (0.140, 0.047) | 285
A Al 1-12 Azd 17 4.56 6.31 (0.141, 0.046) | 270
A Ao 1-13 Az 18 4,68 6.26 (0.138, 0.044) | 265

53




WO 2018/216903 PCT/KR2018/004249

10

15

20

o 1-14 Az 19 4,63 6.28 (0.139, 0.043)| 285

1}\]
AR 1-15 Az 20 4.62 6.23 (0.142, 0.045) | 275
A A ¢ 1-16 Az 21 4.61 6.27 (0.141, 0.044) | 290
vl ma 1-1 EB1 5.12 5.84 (0.141, 0.045)| 240
H x| 1-2 EB2 4.97 5.86 (0.143, 0.048) | 235
vl 1-3 EB3 4,72 5.43 (0.143, 0.048) | 220
A71 E 1o e wiel o], E W] 3ES AAAAFTOoE
AR §7) B AxE, 77 3% A a8, 75 AY 2 okAA
HolA $53 B4 YEIT. 58, sulEo] Tdd oiwlo] dZd
Hlalo] 1-29] 3FIEL AAYAZFoRE AMEEd ARE F7] 2F
aART ARG, nESE 2 AFHY 54E »}E}%q Eg, 2 2y

AA ] 2-1 WA 2-22

A7) vl 1-1004, 334 HT1o 2 EAHE 838 g4l 37 &
20] 719 stEES AMEE RS AYsta %, Y7 Hlae 1-13% Y%
W o g f7) wF 2AE At |

Hlulo 2-1 ¥ 2-2

A7) vlatd 1-10]4, 8384 HI1CE FAHE 33E g4 87 &
201 7149 e AHE AL AQstas, A7 vlad 1-1% $49%
WMoz f7) HF A2 AZsIQTh. 7] F 2004, HI2 2 HI3o=E
EAEE sgE2 3719 2o,

o

54
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Z7] $%=(6000 nit)olA 95%% A==

[x£ 2]
3eE Xy ag ES T95
(AE%5452) | (Ve10mA/cn?®) | (cd/A@10mA/cm?) (x, v) (hr)
Hl o) 1-1 HT1 5.12 5.84 (0.141, 0.045)| 240
AAd 2-1 Azl 1 4.50 6.31 (0.140, 0.046) | 280
A Ao 2-2 A zd 2 4.38 6.53 (0.139, 0.045)| 270
A Ao 2-3 A Zdo 3 4.33 6.58 (0.141, 0.046) | 285
AAd 2-4 Azd 4 4.56 6.34 (0.143, 0.047) | 295
AAd 2-5 Az 5 4.40 6.45 (0.142, 0.048) | 280
AAd 2-6 Az 6 4.53 6.36 (0.140, 0.044) | 275
AAd 2-7 Az 7 4.56 6.37 (0.141, 0.046) | 285
AA & 2-8 Az 8 4.40 6.45 (0.142, 0.048) | 280
A 2-9 Azd 9 4.64 6.29 (0.140, 0.044) | 290
AAd 2-10 Az 10 4.46 6.44 (0.141, 0.046) | 260
A A 2-11 Az 11 4.41 6.42 (0.138, 0.044)| 280
A Ao 2-12 Az 12 4.43 6.38 (0.141, 0.046) | 260
AN 2-13 A zd 13 4.51 6.35 (0.140, 0.047)| 285
A Ao 2-14 Az 14 4.50 6.33 (0.139, 0.043) | 295
AN 2-15 Az 15 4.53 6.35 (0.140, 0.047)| 285
A A4 2-16 A Zd 16 4.61 6.29 (0.140, 0.046) | 265
AN 2-17 | - Axd 17 4.56 6.31 (0.141, 0.046) | 270
AAd 2-18 A Zd 18 4.68 6.26 (0.138, 0.044) | 265
A A ¢ 2-19 A zd 19 4.63 6.28 (0.139, 0.043)| 285
AN e 2-20 Az 20 4.62 6.23 (0.142, 0.045) | 275
AN 2-21 Azd 21 4.61 6.27 (0.141, 0.044) | 290
A A6 2-22 Az 22 4.58 6.31 (0.139, 0.047) | 270
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Hlawe| 2-1 HT2 5.07 5.86 (0.143, 0.048) | 235

Hlalof 2-2 HT3 4.92 5.43 (0.143, 0.048) | 220

Y
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T
52
rup
o
ke
sis
)
o
°
g
o,
‘2
i,
)
e
%
>
jum)
—3
DO
b

Ao 3-1 |

ITO(indium tin oxide)7} 1,000A¢] FAZ vt 3¥d {7 78S
AANE = FTFFA ¥a == AFsIHH. ojd, AAdzs
3 M A}(Fischer Co.) - AE=Z A& o, ZBIFEE
e o)A L lipore Co.) AES PE|(Filter)2 22442 2dA =
AT 108 3082 ARF F FFR5E 28] MR 283} A=

1087 ATk FRF Ade] BY ¥, oATZRIAF, opAE,

FEAAT. T3, AA EtRetE o838y A7) 713
AF FHA7Z2 71#E FFAAY

olgA =v¥E 110 5“3 AZ Yol BEFUFCEZ 87 HII
5}—63%% 1100A 9] A= dAsE 37] A-1 §}J— <o 9 B
3

steith. 47 AFFAE %Oﬂ UM Az FFE 15 IF

ot

F7A 3B50ALE A

2@ T4 150A°® 37] EBl SEES

g5t olojA, A7] EBl =9 9o, &7 YGH-1 &%
YGH-2 BEES 6:49 FTHHZ EFHe

O:
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gul 6 FIHoR A EREQ &7] VD1 HFEL A AT S
3504 FA =4 23S FAsUT. P 233 A T A
0AcE #7] HBL HETL AT FAs ATANZS AU
oA, 47 AFAAZE Aol 7] BTl HFETH 5] LiQ HBEL 2119

Pz AT FFse] 0049 FAZ AR FY L 543 YA

AR R4 2 £53F 9 edger 124 TR

gEEEGo|=(LiF9 1,000A FAZ LFugs FTHNY 58
K

HB1 LiQ
10
47 FAANA 7129 FHEEE 0.4-0.7A/secE FASFAL,
=9 gFEZEHI=E 0.3A/sec, EFHEL 2A/secd FIF £&E
FA8gem, FHA AFEE 2x107 ~ 5X10° torr® X FA, 87
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10

15

20

0y £AE ARG,

Ax e 32 hA AA ] 3-16
Azd 19 3FE g4l 7] & 30 7|49 FFEE AHEse A
5 z2

AL etis, A7l AN 3-13 LI WO
A z5 ).

H)alo] 3-1 WA 3-3

EB5S EB6

A 3

47 AAd 2 wadeld Az K7 TF aAel AFE
Arhetde W, AL, g, AHE 2 £9S 545 1 298 7 E
39 YEYTE. 198 I =7t %7] I Z(6000 nit)ollA 98%% Z+HA T =4
298 AZHe ond |
[% 3]

s et s A T98

(BE552) | (Ve10mA/cn®) | (cd/A@10mA/cm?) (x,y) (hr)

A A ¢ 3-1 Az 1 3.58 145.92 (0.254, 0.711) | 240
A Ao 3-2 A zd 2 3.56 146.11 (0.255, 0.712) | 235
2 A6 3-3 Azd 3 3.62 145.25 (0.256, 0.711)| 235
A A& 3-4 PEL 3.63 145.34 (0.256, 0.713) | 230
AN 3-5 . Azxd 5 4,35 136.13 (0.262, 0.705) | -170

58
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AN 3-6 Az 6 4.36 136.39 (0.264. 0.706) | 165
A Ao 3-7 Az 7 4,38 135.91 (0.262, 0.707) | 160
A Ao 3-8 Az 8 4,37 135.73 (0.263, 0.705)| 175
AN o] 3-9 A zd 11 4,12 137.97 (0.261, 0.706) | 170
A 3-10 A Zd 12 4.10 - 138.62 (0.265, 0.702)| 175
AAld 3-11 Az 14 3.82 143.50 (0.254, 0.711)} 220
AAld 3-12 A zd 15 3.86 142,44 (0.255, 0.710) | 215
A Ald 3-13 A Zd 17 4,18 138.97 (0.261, 0.705)| 150
A Ao 3-14 A Z ¢ 18 4.17 139.62 (0.263, 0.708) | 145
A Ao 3-15 Az 20 4.35 136.13 (0.266, 0.709) | 180
A A 3-16 A Fd 21 4,36 136.39 (0.267, 0.708)| 195
v 3-1 EB4 4.61 126.94 (0.263, 0.704) | 60
H) el 3-2 EB5 4,77 125.66 (0.262, 0.707) | 115
vl o 3-3 EB6 4,52 127.43 (0.261, 0.706) | 85
471 B 3ol YERd wheh o], # U9e H¥Ee =4 uF
2AHQAB) Y AZFEFOR AL 47 BF 22E, 7] 2F 22
g, TE AY 2 AR WoN $5F 54 YEUAS. Azl
X3y ollo] A dAZH Hud 129 3IFELS AIFFEFOE
Argste Azxzd /7] F AR MY, A8 2 Frde EAAS
ety g, 2 o At FAGE 2 E JHAHEA d9E7E
XggslA v dHud 3-1 3-39 FIEL HAFSFEZoT A L3519
AzD §7] DG 2= FHE 50-60% o)A "olx= AnE Jehhot.
AAd 3-1 WA 3-4 ¢} o 3-5 WA 3-8&5 vluwsH APZAGgHT
HAE7|7F AZ AZ4" EZE0] 7M1 £2 54E YEHUAHES] +9%)
AA 3-9 WX 3-12& Hlustd 2 @dye] s 3 wEgoez Hd
PAE I3l EHAET AES BT Al 3-13 WA 3-1600 A
Eddgel Foj7t &7 Ha7|2 A" B2 AF AgolA|gt
THEMo AUFoZ ] s AL & AT},
7] E 39 Aspel go], B wye] WE HPBL AY 54
F3L AT 200N FE5do)l g5t f7] WY 2xpo
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ITO(indium tin oxide)7} 1,000A¢] ¥72 wut a9 $3 718&
AAE A FHFFA ¥ 2532 AFEAG. oW, AAEs

9 HFischer  Co.)  AEL  Agsgen,  FReEs
2 %

D oAt (Millipore Co.) AFY ZE(Filter)E 222 A8 T/HTE
ARSI, ITOE 30%3t AlAHT & SFFE 23] wEso 253 AlFe
1027 R&gaet. F/HRT AHol Bd F, o|lAZEILEF, HIE,
HEEY AZ 253 AFE st AFXAD ¥ ZEgERvr AAVE
FTEAAT. TS, AL Eg2utE ol fste Y] 71iE 5B AAT ¥
AE FA7IE 7|82 TR

olgA FHlE IT0 F¥ AF 9ol AFFUFTLE 7] HII
2L 1150A9 FAZ FA3E 37 A-1 FFEL 1.5%9 552 p-
doping BFgITh. A7l AEFAE Yo A AR

3}
sl B T S0A o AFFEFS FAKUT. olojA, A7)

BesEE Yo BT FA 150A28 7] EBl 3IES AF F3slo
AAAA S S 33*36}914. ojojA, “&7] EBl FEH% 9ol k7] RH-1
g3tE 3t 8t7] RD-1 SHHES 98:29) THHE IF FHst] 360A F719
44 dFSE 6‘3*36}934. cxd %%% fol =t 57 30A2=2 57 HBL
e T FHE 2*%%121 FAsAt. oM, A7
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AA 6 42 PR DA 416
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o 4-1 WA 4-3

o 19 sgE Al &7 F 49 7|AE FFES AHEEE A
A7) AAd 413 F 2

5 AzxsIAT. sl7] & 40lA AFEE HT5, HT6 2 HI79 SEEL 37

owe |

pele e g e Q'Q
OOy Oy O
%4

HTS HT6 HT?

I
N K

()
-

O

Ao 4
10 A7) AA A 2 v oA A

|23 §7] 2F 2 AFE
A8IRS W, AL, &€, AxF 2 $9& SHs T 1 AFPE ]
4o JERAQTE. T98L 3 =7F %7] 3 E(4500 nit)olAl 98%= ZAE=d
295 E AE 9ndid.

A

E 4]
e 2k g Az 3 T98
(AE5%52) | (V010mA/cm®) | (cd/A@10mA/ cm®) (x,y) (hr)
AN 4-1 Azd 1 4.08 47.21 (0.685, 0.315)| 340
AA | 4-2 A zd 2 4.09 47.10 (0.686, 0.314) | 335
AA o 4-3 Az 3 4.04 46.55 (0.685, 0.315)| 335
AXd 4-4 | AF 4 4.07 45.96 (0.686, 0.316) | 330
AN 4-5 Azd 5 4.45 42.17 (0.688, 0.318)| 270
AA o 4-6 Azl 6 4.49 42.39 (0.689, 0.319)| 265
A A o) 4-7 Azd 7 4.41 42.71 (0.687, 0.317)| 260
AA G 4-8 Az 8 4.43 42.62 (0.688, 0.321) | 275
AAd 4-9 Az 11 4.32 43.83 (0.687, 0.323)} 270
A Ao 4-10 A Zd 12 4.37 43.94 (0.688, 0.320)| 275
AA o 4-11 Az 14 4.15 44 .45 (0.686, 0.316) | 320
A Ao 4-12 Az 15 4.13 44.70 (0.686, 0.317)| 315
A Aol 4-13 Az 17 4.36 43.72 (0.690, 0.318)| 250
A Ao 4-14 A Zof 18 4.37 43.56 (0.689, 0.319)| 245
A Ao 4-15 A Z o 20 4.01 45.64 (0.690, 0.320){ 280
A Ao 4-16 Azd 21 4.05 45.61 (0.685, 0.315)| 295
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(0.692, 0.324)
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