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(57) Abstract: The present invention relates to a novel compound and an organic electroluminescent device comprising the same.
The compound according to the present invention is used for organic material layers of an organic electroluminescent device, prefer-
ably, a light emission layer, a hole transport layer, an electron blocking layer, or a light emission auxiliary layer, and thus can im-
prove the light emission efficiency, driving voltage, and lifespan of the organic electroluminescent device.
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[84] T &= AR viadls, 2w, HER, 48, BolEhg, o1&, ol EH, 9 F,
ThEd s, 5 E, &, T B g g2 a5 B Ol%ﬁ = L1F/A1
T LIO/AIT 22 o5 T2 B4 So] glo, oS 7t 3ty ¥ =
A &ofth

[85] T3 AT FUS, AT 75T L A FETS 583 g EHE A
ofum, o Al A T Aol ALEE

[86] ol &} B I & AA o & F3te] e A et v} 2t o, $H]
A ol iz B S o Al SHE A BB b o] §1y] A A oo o] 3 E =
A& otk

[87]

[88] [FA ¢l 11Cpd 1
(N-(4-(9H-[2,9'-bicarbazol]-9-yl) phenyl)-N-([1,1'-biphenyl]-4-yl)-[1,1'-biphenyl]-4-
amine)?] ¥4

[89] R Cul, K3PQy-H0

2
Br Q O TSCl KOH 1,2-diaminacyclohexane
Acetone Toluene

O “% “”

N _ NaoH
Q O O “THF, MeOH, H0

Cul, KsPO4-H0 N

1.2-diaminocyclohexane
iN (D
S )

[90] <%+l 1> 2-bromo-9-tosyl-9H-carbazole 2] T4

[91] KOH (2.7 g, 48 mmol)®ll Acetone 200 mL-& ¥ 31 =<1
2-bromo-9H-carbazole (9.8g, 40 mmol)E 5 35} T, TsCl (8.4 g, 44 mmol) &
golol] A7betal S 3ARE B¢ AT F YAA R o] &
WHFSPH A WS ILE U 305 B ok ik 3 FE sho] v A A A =S
A A} CH,CL/EtOHZE F-E A2 4 3} ¥ 2-bromo-9-tosyl-9H-carbazole 9.8g-S-
A ALt

Br

Toluene

ol o,

[92]

[93] <A 2> 9-tosyl-9H-2.9'-bicarbazole 2] 4]

[94] 2-bromo-9-tosyl-9H-carbazole (9.6 g, 24 mmol), carbazole (4.8 g, 29 mmol), Cul
(0.4 g, 2.0 mmol), 1,2-diaminocyclohexane (0.3 g, 2.4 mmol), K;PO, H,O (10.6 g, 50
mmol) 2 Toluene 150 mL & 500 mL & +* &2t~ HA71el i) vbe&=S
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BH 2 7D B, 2447 B9F A A B9)7] Bhol A auksbgl vt TLCR HH-&ol
TANE AL MG F Lo AYL WS TR F FHFE YL
e ol e o] E & 22515t Ao A 7] %S Na,SO, & 712 A 7] 31 73t
T UE A ARvtEIH Y 2 GAste] 819=, 9-tosyl-9H-2,9"-bicarbazole
10g= A

[95]
[96]
[97]

[98]
[99]
[100]

[101]
[102]

[103]

[104]
[105]

[106]

<77 3> 9H-2.9'-bicarbazole®] 341

9-tosyl-9H-2,9'-bicarbazole (10.0 g, 21 mmol), NaOH (8.0 g, 200 mmol), THF 80
mL, MeOH 40 mL, = 40 mLE 500 mL &+ &ch 2= H7Fs it vh3-8-&
12A]3F &t $ht = 7FE Bk gl vk TLCR ko] T2 = 315 g1e &
/\Lgog_/ﬂzﬂu} a]-o ==

T THTE YA oA Ho|ER FE38 T
Ao F7]5 S Na,SO, & AZEA 7] 72t /73S A
EL?._H}EZLEHJ]E A A ste] 38HE, 9H-2,9'-bicarbazole g2 & 1T}

<%7 4> 9-(dibenzo[b.d]thiophen-4-y1)-9H-2.9"-bicarbazole 2] $+4

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[1,1'-biphenyl]-4-amine (13.8 g, 29
mmol), 9H-2,9"-bicarbazole (8.0 g, 24 mmol), Cul (0.4 g, 2.0 mmol),
1,2-diaminocyclohexane (0.3 g, 2.4 mmol), K;PO,H,O (10.6 g, 50 mmol) % 2 Toluene
150 mL £ 500 mL 5 S8~ T0 HUeg o e ES S s st
24N 2 Bk A2 R-917] el A sk Rtk TLCR Hhgo] $ 4% = 2L

s'w 2P0 U $R F FR4E Ya ddeldeo| R

FEEAT LoI2L £715-2 NasSO, 2 12715 7243 5579 v 43
ARvtEI ] &2 GAste] A 3= Cpdl( 12, 5868%). HRMS [M]*:
727.2985 A AT

o

29l

nsz r}om

_%10

Olt

[33 < 21 Cpd 2
(N,N-di([1,1'-biphenyl]-4-yl)-4'-(9H-[2,9'-bicarbazol]-9-yl)-[1,1'-biphenyl]-4-amin
e)2l A

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine tH 4!
N,N-di([ 1,1'-biphenyl]-4-yl)-4'-bromo-[1,1'-biphenyl]-4-amine & A}-8-3}= A&

]g Sl /\17] 6LH oq] 13 =3 AL =35t T A §} %dez(f,:
71%) HRMS [M]*: 803.3302 & AT},

[3H4 ol 31 Cpd 3
(N-(4'-(9H-[2,9'-bicarbazol]-9-y1)-[1,1'-biphenyl]-4-yl)-N-([1,1'-biphenyl]-4-yl)-9,9
-dimethyl-9H-fluoren-2-amine) 2] 43

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine tH 4!
N-([1,1'-biphenyl]-4-y1)-N-(4'-bromo-[1,1'-biphenyl]-4-y1)-9,9-dimethyl-9H-fluoren-2-
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amineE AH&8h= A& Al @l etal=, A7) Ao 13 5L E A= G5k
EA 3}+8HE Cpd 3 (5& 68%) HRMS [M]*+: 843.361% 211t}

[107]
[108]

[109]

[110]
[111]

[112]

[113]
[114]

[115]
[116]

[3/3 <1l 4] Cpd 4
(N-(4'-(9H-[2,9'-bicarbazol]-9-yl)-[1,1'-biphenyl]-4-yl)-N-phenylnaphthalen-1-ami
ne)®] &7

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine tH 4!
N-(4'-bromo-[1,1'-biphenyl]-4-yl)-N-phenylnaphthalen-1-amine & A}-&3}+= 31-&

Aolatinis, 47 gl 19 FAH F4 L Faatel TA SEE Cpdd (R
74%) HRMS [M]*: 701.283-& & 31T}

[3H4 ol 51 Cpd 5
(N-([1,1'-biphenyl]-4-y1)-N-(4-(9-phenyl-9H-[2,9'-bicarbazol]-3'-yl)phenyl)-[ 1,1'-bi
phenyl]-4-amine)2] 34

H H
N Pd(dppfICl,, KOAC N
l‘l’;b- O Pd(PPhs)A 2M KpCO3
5 O 1,4-Dioxane 1.4-dioxane
r o-B

e}

@‘Z‘%

M: @ ®
Q' Ty T n oy
O

<27 1> 3-(4.4.5,5-tetramethyl-1.3.2-dioxaborolan-2-y1)-9H-carbazole & 34

3-bromo-9H-carbazole (21.7g, 88.17mmol), Bis(pinacolato)diboron (27. Og,
106.3mmol), KOAc(26.0g, 264.9mmol) ¥ Pd(dppf)Cly(3.6g, 4.4mmol)-S EF<l
1Lol) =91 o2 E =2 5ARE 5 et k7 wnks ity TLCR Whg-o] T2 ¥ =
e e F 20w Aot whE TR F TRTE Bal oldolAHo | ER
FEH Ao #7158 NaSO, 2 A 2A7] 3L 3 S8 v A |
ARvEIHI R YA 0}04 33t
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole (22.0g, & 85%)<
A

<eHA 2>
N-(4-(9H-carbazol-3-vDphenyl)-N-([1.1'-biphenyl]-4-y1)-[1.1'-biphenyl]-4-amine 2
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[117]

[118]
[119]

[120]

[121]
[122]

[123]

[124]
[125]

M

3}9+= N-([1,1'-biphenyl]-4-yl)-N-(4-bromophenyl)-[1,1'-biphenyl]-4-amine (8.4g,
17.60mmol), 3—(4,4,5,5—tetramethy1—1,3,2—di0xab0r01an 2-yl)-9H-carbazole (6.2g,
21.12mmol) % Pd(PPh;), (1.0g, 0.88mmol)S- E]r/\ioﬂ a1 2N Na,CO, ¥ 3}
T8N0 52.8ml 2} 1,4-Dioxane 200 mﬂg‘ ol 32l 3 13A]F 5t 7k
WREEIY W T8 F SHFE YL oldoHAl ol ER 256l Aozl
7158 NapSO, 2 A2 712 2t S8t v 249 A=vfeidg v =2
gAske] 313t
N-(4-(9H-carbazol-3-yl)phenyl)-N-([1,1'-biphenyl]-4-yl)-[1,1'-biphenyl]-4-amine
(8.4g, 5 85%)S At

<A 3>
N-([1.1'-biphenyl]-4-y1)-N-(4-(9-phenyl-9H-[2.9'-bicarbazol]-3"-yl)phenyl)-[ 1.1"-biphe
nyl]-4-amine®] 34

N-(4-(9H-carbazol-3-yl)phenyl)-N-([1,1'-biphenyl]-4-y1)-[1,1'-biphenyl]-4-amine
(8.2 g, 14.5 mmol), 2-bromo-9-phenyl-9H-carbazole (3.8 g, 12 mmol), Cul (0.2 g, 1.0
mmol), 1,2-diaminocyclohexane (0 15 g, 1.2 mmol), K;PO,H,O (5.3 g, 25 mmol) el
Toluene 150 mL < 500 mL &<+ Ee}2=30l F7s itk whe= 5 ﬂwi
7t star, 244 3t F )t A4 91 7] spoll A aHbskgivh TLCR /b-g-o] T8 5=
A AT F A2 AP g TR FTHTE L ]BO}*ﬂEﬂolEi

Z315lth dold f-713 5 Na,S0, 2 7124 7] 2 4S5t %vﬂﬂ}o 2%

EL?’._H}E:LEHJ]E A ste] A 335 Cpd 5 (7.7g, 58 80%) HRMS [M]*:
803.330% A it

[3/3 < 6] Cpd 6
(N-([1,1'-biphenyl]-4-yl)-9,9-dimethyl-N-(4-(9-phenyl-9H-[2,9'-bicarbazol]-3'-yl)p
henyl)-9H-fluoren-2-amine) 2| &4

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine tH 4!
N-([1,1'-biphenyl]-4-y1)-N-(4'-bromo-[1,1'-biphenyl]-4-y1)-9,9-dimethyl-9H-fluoren-2-
amine S AF83HE AL A @) Ftar=, A7) A of 53 =AU 3 AL 438§} o]
A 33E Cpd 6 (58 76%) HRMS [M]*: 843.3612 A1t}

[&A4 <] 7] Cpd 7
(N-([1,1'-biphenyl]-4-yl)-N-(4-(9-([1,1':3",1"-terphenyl]-5'-yl)-9H-[2,9'-bicarbazol]
-3'-yl)phenyl)-[1,1'-biphenyl]-4-amine) 9] 34
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[126]

H H

N Pd(dppf)Cly, KOAC N
1,4-Dioxane

Br Q-B - 1.4-dioxane

Pd(PPh:)4 2M K,C0y

0

v ’/. cu
K3P04
1 2-diaminocyrlohexae

Cul, K3PO,4-Hz0
NaOH O 1,2- dlamlnocyclohexane
THF, MeOH, H,0 C O T Toluene

N
9

[127] <tHA 1> 3-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-9H-carbazole 2] $+4

[128] 3-bromo-9H-carbazole (21.7g, 88.17mmol), Bis(pinacolato)diboron (27. Og,
106.3mmol), KOAc(26.0g, 264.9mmol) ¥ Pd(dppf)Cly(3.6g, 4.4mmol)-S EF<l
1Lel =581 v Z 8= 5 5AIRE ot &7 ket ity TLCR Rhg-o] 2 ¥ =
g Rl g2 0 i AUt vhE T8 T SRS ol ol "ol H o] ER
FZolTh Aol S8 Na,SO, & A XA 7] 2 S8 o= A |

E A=A e b R 79 Al 0}04 =

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole (22.0g, & 85%)<
AU

[129]

[130] <¢HA 2>
N-(4-(9H-carbazol-3-yl)pheny])-N-([1.1'-biphenyl]-4-v])-[1.1'-biphenvyl]-4-amine

Tl A)
[131] 3}3+E N-([1,1'-biphenyl]-4-yl)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine (8.4g,
17.60mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole (6.2g,
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[132]
[133]

[134]

[135]
[136]

[137]

[138]
[139]

[140]

21.12mmol) & Pd(PPhs), (1.0g, 0.88mmol)= &2}~ =1 9] ¥ 31 2N Na,CO; ¥ 3}
G=&-<N 52.8m <} 1,4-Dioxane 200 mEE yof =l 3 1341 F]t 7+

wEkE Rt B3 T8 F SHTE Wil "ol H o] ER 533 ol
#7155 Nap,SO, &= AEAI7| L S SR vhe Ad ARvEIY I 2

g A5kl 2}t
N-(4-(9H-carbazol-3-yl)phenyl)-N-([1,1'-biphenyl]-4-yl)-[1,1'-biphenyl]-4-amine
(8.4g, 5 85%)S At

<A 3>
N-([1.1'-biphenyl]-4-y1)-N-(4-(9-tosyl-9H-[2.9'-bicarbazol]-3'-yl)phenyl)-[ 1.1'-bipheny
1]-4-amine 2] 34
N-(4-(9H-carbazol-3-yl)phenyl)-N-([1,1'-biphenyl]-4-y1)-[1,1'-biphenyl]-4-amine
(8.2 g, 14.5 mmol), 9-tosyl-9H-2,9'-bicarbazole (4.8 g, 12 mmol), Cul (0.2 g, 1.0
mmol), 1,2-diaminocyclohexane (0.15 g, 1.2 mmol), K;PO,H,0 (5.3 g, 25 mmol) el
Toluene 150 mL < 500 mL &<+ Ee}2=30l F7s itk whe= 5 ﬂwi
7hAstar, 24X 3F F e A A& 917 sfell A akel it TLCR Rhg-o] A Y =
e e F A2 om A3 ukE FE F FRTFE 2L Oﬂ‘:éo}*ﬂ HolER
=5t Aol X 771523 NapSO, & 1 2A7] L 7S S/ 3 v A E
EEH}EJEHJJE Al eto] 2}t
N-([1,1'-biphenyl]-4-y1)-N-(4-(9-tosyl-9H-[ 2,9'-bicarbazol]-3'-yl)phenyl)-[ 1,1'-bipheny
1]-4-amine (9.0g, & 85%)= At}

<tHA 4>
N-(4-(9H-[2.9"-bicarbazol]-3'-yh)phenyD)-N-([1.1'-biphenyl]-4-yD)-[1.1'-biphenyl]-4-am
ineo] 3+A

N-([1,1'-biphenyl]-4-y1)-N-(4-(9-tosyl-9H-[2,9'-bicarbazol]-3"-yl)phenyl)-[1,1'-biphe
nyl]-4-amine (8.8 g, 10 mmol), NaOH (4.0 g, 100 mmol), THF 80 mL, MeOH 40 mL,
E 40 mLE 500 mL &+ Skl H7Fedeh 28 12413 Bet AR R
7Bt TLCR ¥hg-o] A= A& gQleh 42 fﬁ ”tﬂﬂ} e TR
T FHTFE Y "ot H o ER &3 Aol & NaSO, 2
AxA7I L A4S /78 v 29 A2 Eag 9z A Xﬂ 0}04 =
N-(4-(9H-[2,9'-bicarbazol]-3'-yl)phenyl)-N-([1,1'-biphenyl]-4-y1)-[ 1,1'-biphenyl]-4-am
ine (5.8g, & 80%)S At

<tH-A 5>
N-([1.1'-biphenvyl]-4-v1)-N-(4-(9-([1.1":3".1"-terphenvl]-5'-v1)-9H-[2.9'-bicarbazol]-3'-vl

henyl)-[1.1-biphenyl]-4-amine 2] 314

5'-bromo-1,1":3',1"-terphenyl (3.0 g, 9.6 mmol),
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[141]
[142]

[143]

[144]
[145]

[146]

[147]
[148]

[149]

[150]
[151]
[152]

[153]

N-([1,1'-biphenyl]-4-yl)-N-(4-bromophenyl)-[1,1'-biphenyl]-4-amine (5.8 g, 8 mmol),
Cul (0.14 g, 0.7 mmol), 1,2-diaminocyclohexane (0.1 g, 0.8 mmol), K;PO,H,O (3.5 g,
16.7 mmol) & Toluene 150 mL & 500 mL 5+ Eet 20 F7betgloh w28
R 7FE8haL, 244 7E EQ A A w91 7] Shell A alRbe it TLC R HE-5-©]
STAY =S AT F AR *—1%3} e SR FSHTE Y

oeolAl ol ER FEE AT o] 77153 NapSO, & A 7] L 7k
TR e Ad ARvtE gy R G 0}04 A 335 Cpd7(5.3g, TH69%).
HRMS [M]*: 955.3922 A it}

l

E Of

[37d o 81Cpd 8
(N-([1,1'-biphenyl]-4-yl)-N-(4-(9-(dibenzo[b,d [furan-2-yl)-9H-[2,9'-bicarbazol]-3'-
yl)phenyl)-[1,1'-biphenyl]-4-amine) 2] 43

5'-bromo-1,1':3',1"-terphenyl T Al 2—bromodibenzo[b dJfuran & AF8-3h= A&

Al stale, A7) A 79 FU g Y& Faste] A 33E Cpd 8 (&
76%) HRMS [M]*: 893.3402 & MD}

[&7d ) 91Cpd 9
(N-phenyl-N-(4-(9-phenyl-9H-[2,9'-bicarbazol]-3'-yl)phenyl)naphthalen-1-amine)
L

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine tH 4!
N-(4-bromophenyl)-N-phenylnaphthalen-1-amine & A}-8-5}i= 71 S A 9] s}aL+=,
71 Al 53 Fd g A4S alste] A 35E Cpd 9 (78 80%) HRMS
[M]*: 701.283& 2SIt}

[34d o 101 Cpd 10
(4'-(3'-(4-(diphenylamino)phenyl)-9H-[2,9'-bicarbazol]-9-yl)-N,N-diphenyl-[1,1'-b
iphenyl]-4-amine)2] 43

5'-bromo-1,1"3',1"-terphenyl,

N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine TtH 4]
4'-bromo-N,N-diphenyl-[1,1'-biphenyl]-4-amine, 4-bromo-N,N-diphenylanilinE
AR e A sz, 4] Bel 73 BAF 1Y & 5] FA
3}5HE Cpd 10 (578 70%) HRMS [M]+: 894.372:8 ¢ {1t

ERENEEEMEE S S CEE

Ao 104 FAE 3 E cpdl S A o8 Al HHo R uey 53}
QA E g 5, ap7] ¢} o] A fr] WA wF AE Azl

ITO (Indium tin oxide)7} 1500 A A & 2t I 9 H F 7|4 F/F
o2 AAH ST SR Al FH ol By, oAz R 4FE, oA E,
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kg 5o Sl &2 289 A S &ar, AZA ] T, UV OZONE Al A 7] (Power
sonic 405, SHAVH| A1) & o) FAI 7] U5, UVE ©]-§-8o] 47] 7] 3-8 5%%t
AP sk A8 S 7] 2 73S o] Fakgith
[154] F71 ¢k 2ol 8] " ITO 51 A= 9o, m-MTDATA (60 nm)/TCTA (80
nm)/3} 3= cpd1(40nm)/CBP + 10 % Ir(ppy)3 (300nm)/BCP (10 nm)/Alq3 (30
nm)/LlF (Inm)/Al (200 nm) <= 2.2 A &35t §-7] AA vF 2215 A 2353 o)
[155] 4% m-MTDATA, TCTA, Ir(ppy)3, CBP & BCP¥] -t-2+= 3} 7] ¢} ¢t}

@%53% & @ o

O

m-MTDATA TCTA
[157]

Ir(ppy);

[158]

[159] [AAld 2~10] 54 7] DA &F 239 A=

[160]  AAel 104 3}3HE cpdl tHA §7d o 2 WA] 10 ol A 22 4 E 31 &=
AFgshE A g Al elstarE, AAlel 139 T U Faste] 77 EL &AH&
Az 33 T

[161]

[162] ¥ 1] 54 F7] AA T3 279 A=z

[163] A Al 104 813HE cpdl S AFE8FA] 2 AL Al Lstar=s, AA o 13

FAstA Festo] B fr] AA g 2AE Az

[164]

[165] [E 714 1]

[166]  AA[el] 1 =] 10, 2 v]nlel] 104 Z42; Al 28 7] AA &g AAfol] tjshed,
AFEE 10 mA/arol A o] 548 Afas @ w3 vaE 546, 1
AE 37 % 19 JehAA

ke

[167]
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[Table 1]
T3 AR |FE A (EFYIom) |AREE
(cd/A)
A Al 1 Cpd1 9.65 519 41.7
2 Al el 2 Cpd2 6.80 521 419
A Al 3 Cpd3 6.80 520 41.5
2 Al el 4 Cpd4 6.85 521 42.0
Al 5 Cpds 6.80 518 41.9
A Al 6 Cpd6 6.85 520 41.5
2 Al el 7 Cpd7 6.90 519 41.8
A Al 8 Cpd8 6.85 519 41.5
A Al 9 Cpd9 6.80 521 419
AAle] 10 |Cpdl0 6.90 520 41.8
H)ald 1 - 6.93 516 38.2
[168]

[169]
[170]
[171]

[172]

[173]

[174]

(A 111 84 7] A 8 2] Az
Al 190 FAH HTE pdl S FHH 0T Fel7 PO R D5 F3)
i =

AAE 35, 5h7]oF o] AA F7] AA HEd A A 28T

A A, ITO (Indium tin oxide)7} 1500 A F7| & Wt} G ¥l @ f-2] 7134 T/
Z2HIE AR S AlH o] EuH o] a2 A, obAlE, W
Zo] g8 2&u Al AHS Fa AZA 7] T UV OZONE A A 7] (Powersonic
405, A EH T2 o] EA 71 TS UVE o] &30] A7) 73S 5571 Al 48k

g FAV|E 7|32 o] F3 it

719} ko] 28] ¥ ITO 5 A= Y oll, m-MTDATA (60 nm)/TCTA (80
nm)/ 3 o 19] 33 cpd1(40nm)/CBP + 10 % (piq)2Ir(acac) (300nm)/BCP (10
nm)/Alq3(30 nm)/LiF (1 nm)/Al (200 nm) = 2.2 2 Z-38fo] §-7] A A &g L41E
Az 8k

AFE ¥l m-MTDATA, TCTA, CBP 2 BCP2| 1-Z1= A A o 1o 7| A uf}
3L, (piq)2Ir(acac)i= 8t <k .
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[175]

[176]
[177]
[178]

[179]
[180]
[181]

[182]
[183]
[184]

[185]

[186]
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(pig)2lr(acac)

(A 12-20] A4 7] A BF Lo A=

A A el 11904 BH5HE epdl T S ol 2 A 10 oA 747 B E SR
g3z A S shariz, A 118 5 AP Fastel 44 5] EL
A2 Az,

o

[ e 2] A 771 AA &G 23] A2
Ao 11014 313t E cpdl& AREEHA] 2 A& Al 9l8kars=, Ao 114

> ]

FAHA s3] A F7] AA B 22E A 25

[ 7} 2]

A e 11 ~20 2 "] nLol] 200 A A 23 2 zbe] A A §-7] A Al g Aol
tsle] AFEE 10 mA/etoll o] TFEAS 2 AFEES S, 1 AHE

8] 3% 20 WER AT

%2

[Table 2]
g A = T5 A (V) AFAEE (cd/A)

AA 4] 11 Cpdl 5.10 10.9

A ATl 12 Cpd2 5.15 11.1

A Al 13 Cpd3 5.20 10.6

A ATl 14 Cpd4 5.20 11.2

A ATl 15 Cpd5 5.15 11.1

A Al 16 Cpd6 5.10 10.8

A A 17 Cpd7 5.15 11.2

2]l 18 Cpd8 5.20 11.0
A ATl 19 Cpd9 5.30 11.3
A Al 20 Cpd10 5.25 10.8

H] 3l e 2 - 5.25 8.2

7] % 20 ER vl9) Fho), B o)) uf2 3}sh2] 12 A H = R ES
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vk B 2= A g2 AFRSE A A 4 11~209] A §-7] A A @ A= wkg
BZ2Z glo] &3 CBPRIHS: w359 Al 52 AFE3HH]ald] 29 A A §-7] & A
vk e} E A gko] FALE o Ur ﬂbwﬂ 20 2 A 571 A A WG A A}

Hla) A F Egol T AE 4 ol Ae & 5 Al
[187]
[188]  [AAIA 211 B4 7] AA HF £Rpe] Az
[159] A 190 A S opdi FAOR AP PEO R N 53]
BAZ @ F, 5719 ol G4 §7] AA B 242 Az,
Hlu

[190] W 4], ITO (Indium tin oxide) 7} 1500A F7 &
Ze0E Aot TR AFHl Ev ol AZ R %}El% ol AM| &, W EHE
o AR 229 AlHE Fa AZEA 7] T UV OZONE Al %
405, 3FAH A)E o] FAZ - UVE o]-&38t] 7] 7] ah= %7& A7 8kt
g T2V 2 7|3 o] Fslitt

[191] F71 ¢k 2ol 28] " ITO 514 A= 9lell, DS-205 (F4Ht) (80 nm)/NPB (15nm)/
Ao 19] 3= C 1(15nm)/ADN + 5 % DS-405 (+4Ht) (300nm)/BCP
(10nm)/Alg3 (30 nm)/LiF (1 nm)/Al (200 nm) <=2 & %] &3lo] §-7] A A v
DA A Z25Hgl T

[192] ALS-¥ BCP= A A 4 19]] 7] A] ¥ wle} 2431, NPB ¥ ADNQ| +-% = 317] 9}
Ea =

o Q
atety
O NPB
[194] O O
ADN

[195]
[196] [AA]e] 22~ 301 A f7-7] AA L3 L2 A=
[197] 38 cpdl thAl FA o 2 A 10 ol A 242 A9 5328 ARSE A S

Al el stare=, AAl o 213 FAsHA =8 ste] M §-7] EL 22HE Al z28k3i T
[198]

[199]  [Wo 3] A 7] AA &G L] A&

[200]  AA[el] 2164 3}Et= cpdl& ARG & AL Al @lstari=, Aol 213
TU3HA stk A §7] WA B3G5 Az

[201]

[202]  [H7}4 3]
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HAFEE (cd/A)

7.2
6.9
6.6
6.8
6.0
6.4

7.1
6.8
6.7
7.1
4.8

5.58
5.55
5.62
5.50
5.60
5.55
5.60
5.51
5.50
5.65
5.6
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Cpdl
Cpd2
Cpd3
Cpd4
Cpd5
Cpd6
Cpd7
Cpd8
Cpd9
Cpdl10

30l ERA AT

Ald 21
Al el 22
Al el 23
Al el 24
Ald 25
Al el 26
Al 27
Al el 28
Al 29
Al 30

}7]

[Table 3]
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A7 R H RONA, C~Cyp ] A7, Co~Cip®l LD 7], Ci~Cap™
U719 7], Co~Cyp®l o 7], AR5 5 W A] 409] & H ZolH 7], C
~Ci®l OFH A 7], C~Cy®l SAKA| 7], Ce~Cyp®l o} HolRl 7], C
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o] ofH F A FALo] 7] B Co~Cyp® ot A 7] = 22}
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