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P O = P O =] = o)
g 4T 5EF L AN FEES 5U8 FYHE AL

d
@ | @ N
Pds(dba)s, (t-Bu)sP
+ NaOt-Bu, Toluene Q

Pd(dba)s, (-Bu)sP N N
NaOt-Bu, Toluene O <Nj O

<7 1> 4.8-dibromo-6-phenyl-2.6-dihydro-1H-benzo[def]carbazole 2] $+4]
4,8-dibromo-2,6-dihydro-1H-benzo[def]carbazole (10g, 28.48mmol) ¥} iodobenzene
(7.0g, 73.95mmol) S & F2N 300 m¢ol] =<1 Tt} Pdy(dba); (1.3g, 1.37mmol)=
A A slol F<918F3A ). ©] 3+, NaOBu-t (8.21g, 85.44mmol)=S ¥ 3L, (t-Bu)sP (1.42
m¢, 1.42mmol)2 7] Wb-g- <ol F=}1 gk th 5 o2 54Kt &<k &7
SAlag sy

TLCE Whg-o] T2 = A& &<
ER

1
i

o

Fok v Ay A2 vlEIY Y
70%)2 AT} HRMS [M]+:427.132

<A 2> 4.8-di(9H-carbazol-9-y1)-6-phenyl-2.6-dihvdro- 1H-benzo[ def]carbazole &

2
ol
o
&
o
s
i
£
N
=

4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (8.0g, 18.7mmol)¥}
carbazole (7.8g, 46.64mmol)S =72l 200 meol =5 <1 T Pdy(dba), (1.7g,
1.87mmol)< A A&}l 1§ 531 th. ©] 5, NaOBu-t (10.8g, 112.2mmol)S ¥ 3,
(t-Bu):P (1.9 me, 1.9mmol)= 7] Qb5 Nl T4 v =& 5413 5
3 ks

TLCE Whgo] A% = &
=
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21

[3Ad 21 Cpd 4
4.8-bis(3.6-difluoro-9H-carbazol-9-v1)-6-phenyl-2.6-dihvdro-1H-benzo[def]carba

zole)o] ¥A

Carbazole W] 2] 3.6-difluoro-9H-carbazole & A}-&3}+= A2 A 2| 3} 31+, A7)
Ao 13 FU g A S st FA (T 75%)2 D AT HRMS
[M]+:671.683

4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (5.0g, 11.70mmol)2}
dibenzo[b,d]thiophen 4-ylboronic acid (6.7g, 29.37mmol) 2 Pd(PPh,), (1.4g,
1.21mmol)S =829 ¥ 31 2N Na,CO; 33} 89 70 ml 2} 1.4-dioxane 120
mE Fo] =<l F- 13471 &9t 7k A ankah 3.

WS BE T FHE Folsta o ol AElo| ER S E st geh. Fojx

T = NazsoE_ A A 7] 1 7keb %%s} e Ay ﬂim};zaﬂ;ﬂi

zo[def]carbazole !:]° 3 A

. Pd(dba)s, (+-Bu)sP
Br Q Q Br 2 3 Br o+ Pd2 (dba)s, (+-Bu);P
NaOt-Bu, Toluene NaOt-Bu, Toluene

HO LOH .
Br
A Pd(PPh3)4 3M KzCO3 Q O
> Toluene EtOH N d
“
@ ¢

<7 1> 4.8-dibromo-6-phenyl-2.6-dihydro-1H-benzo[def]carbazole 2] 314
4,8-dibromo-2,6-dihydro-1H-benzo[def]carbazole (10g, 28.48mmol) ¥} iodobenzene
(7.0g, 73.95mmol)< =52l 300 méell =21 Th+ Pd,(dba); (1.3g, 1.37mmol)=
A A8}l 91811}, 0] 5, NaOBu-t (8.21g, 85.44mmol)S & 3L, (t-Bu)sP (1.42
ml, 1.42mmol)< 7] WE-g- Ao =3 gk & &3S 5AI7F BoF 3k

-7 H]—‘S]— (o5 1‘4_

TLC: Whgo] THH = Ala 2RIG S F2 o At whe T8 §
=222 W51 o Dol A O]EE FE3 T Aozl F7152 NaS0, &=
FAR =S v 2 A sko] 3hghE (8.6g,
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[102]

[103]

[104]

[105]

[106]

[107]

[108]
[109]

[110]

[111]

22

<7 2> 4.8-di(9H-carbazol-9-y1)-6-phenyl-2.6-dihydro- 1 H-benzo|[ def]carbazole 2]

S A)

4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (8.0g, 18.7mmol)¥}
carbazole (3.1g, 18.7mmol)= & 52l 200 mol] =<1 T} Pd,(dba), (880mg,
0.93mmol)= A A3}l 3391t} ©]F-, NaOBu-t (5.4g, 56.18mmol)= ¥ 3l
(t-Bu)sP (1.0 m¢, 1.0mmol) & A}7] Wk-g Mol Fq] 3k v} &35S 547+ %
3t sl .

TLCE WHgo] A% = 21& &3 S AL 02 At} vhg £ 8
THTE Y o EolAME| ol ER FE31 T Ao 2 7155 Na,S0, =
AZANI G S7E U2 2d a2nEady 2 A A slke] 3= (6.2¢,
T 65%)2 A Th HRMS [M]+:513.426

ef]carbazole®] ¥4

4,8-di(9H-carbazol-9-yl)-6-phenyl-2,6-dihydro- 1H-benzo[def]carbazole (6.0g,
11.68mmol) dibenzo[b d]thiophen-4-ylboronic acid (3.2g, 14.03mmol) % Pd(PPh;),
(1.4g, 1.21mmol)& & e} 229l @ 31 2N Na,CO; 8} -89 35 md 9} 1.4-dioxane
120 mgi 1l 01 h:o] *r 13/\] 7]_ Eo]- 7}oﬂ H].o]_oﬂ 1—4_

WS FE T SRS Foleha oo Hl o] ER &9l Fojx

7152 NaSO,2 AZA 7| 4t SH3 S A A2vfEagy 2
A 3k A 83 (6.1g, & 85%)S L ATt HRMS [M]+:616.771

[34dd 51Cpd 11

nzo[def]carbazole !:]° A
H
B / \ _ Pda{obals, (t-Bu)sP Br Q. s (\/N : Pd,(dbal,, (t-Bu);P
NaOt-Bu, Toluene u\@ NaOt-Bu, Toluene

=
& [
: ol
Br . i B-B :( _ Pd(dppfiCly, KOAT N I g ji+ )NI\\
1 4-dicxane O N o] cl N/ l/\
_ PA(PPhgls. oM K05
" Toluens, EOH \ >—<

<A 1> 4.8-dibromo-6-phenyl-2.6-dihvdro-1H-benzo[def]carbazole 2] 34
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[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

23

4,8-dibromo-2,6-dihydro-1H-benzo[def]carbazole (10g, 28.48mmol) ¥} iodobenzene
(7.0g, 73.95mmol)E =52l 300 méoll =<1 Th5 Pd,y(dba), (1.3g, 1.37mmol)<
A 2 &}ol] 3] 813t 0] 5, NaOBu-t (8.21g, 85.44mmol)= ¥ 3L, (t-Bu),P (1.42
m¢, 1.42mmol) = 7] Hk-g-Hol] =47k & 5 5A1KF 52t Skt

AL A

%4 Na,S0, &=
Alsto] s}9t= (8.6,
£ 70%)S 9 AT HRMS [M]+:427.132

<7 2> 4.8-di(9H-carbazol-9-y1)-6-phenyl-2.6-dihydro- 1H-benzo[def]carbazole 2]

4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (8.0g, 18.7mmol)¥}
carbazole (3.1g, 18.7mmol)= & 52l 200 mol] =<1 T} Pd,(dba), (880mg,
0.93mmol) S A 4 &}ol] F<13F3Ath. 0] 5 NaOBu-t (5.4g, 56.18mmol)= ¥ 3L,
(t-Bu):P (1.0 me, 1.0mmol)= 7] Wbl F4g vh& =& 5413 5
3 ks

TLCE HE-go] TAH = A&
=

4-(9H-carbazol-9-y1)-6-phenyl-8-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yI)-2.6-dih
ydro-1H-benzoldef]carbazole 2] 314

4,8-di(9H-carbazol-9-yl)-6-phenyl-2,6-dihydro- 1H-benzo[def]carbazole (6.2g,
12.07mmol) ¥} Bis(pinacolate)diboron (3.7 g, 14.57mmol) X Pd(dppf)Cl, (490 mg,
0.60 mmol), KOAc(2.4 g, 24.4 mmol)E &} ol Wal A 191 7] dhol] EF<l
120 meoll &AL 5 12431 59k 243 ksl th TLCR whG-0] $A ¥ =
e T 5 A2 02 AP e TR 5 FHRTE B dEHoAHo|ER
g Ad

0 ST
A4} HRMS [M]*

<t 4>

e
dro-1H-benzo[def]carbazole 2] $+4

4-(9H-carbazol-9-yl)-6-phenyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,6-d
ihydro-1H-benzo[def]carbazole (6.0g, 10.70mmol)¥} 2-chloro-4,6-diphenylpyrimidine
(3.4g, 12.74mmol) & Pd(PPhs), (620mg, 0.53mmol)S =& &}2= =19l € 31 2N Na,COs
S8} 289 32me 9} 1.4-dioxane 110 meE g o] =<9l 5~ 134171 &<t
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Folstar o dolAlH o] ER F&3k gtk fo %]

a TR v Ad ELEH}E:HHAE
(5.7g, 75 80%)S L ATt HRMS [M]*:664.794
[122]

[123]  [3A 9 6lCpd12

benzo[deflcarbazole)®] 34

[124] 2-chloro-4,6-diphenylpyrimidine T} 4! 2-chloro-4,6-diphenyl-1,3,5-triazine &
AVBEHE S ARSI, 2] S ol 59 AT A A eto] FA
sk (578 80%)= & U tH HRMS [M]*+:665.782

[125]
[126]  [3Ad <l 71Cpd 13

oldef]carbazole) 9] 34

[127] 2-chloro-4,6-diphenylpyrimidine 4! 2-bromo-4,6-diphenylpyridine & A}-& &}
A Al elstatsz, 7] g ol 59k $ A HAG = A sko] A ehE(
83%)< ¥ A vt HRMS [M]+:663.806

O

3
o

[128]
[129]  [3Ad <]l 81Cpd14

zo[def]carbazole)¥] ¥4

[130] 2-chloro-4,6-diphenylpyrimidine t 4! 1-Bromo-3,5-diphenylbenzene & A}-8-3}+=
22 AlQlstar, 47] A ol 59F AT A S sl sto] A EtE(rd
83%)< A AT} HRMS [M]+:662.272

[131]
[132] [3A < 91 Cpd 15

ydro-1H-benzo[def]carbazole)2] 34

[133]
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[134]
[135]

[136]

[137]

[138]

[139]

[140]

[141]

25

HO.5.OH
' I Pdy(dbay;, {t-Bu);P /\f Pd(PPh3)4 2MK;CO;4
N O W Q. - T, o
P + | NaOt-Bu, Toluene Toluene EtOH
N =
) h
|

) e f g

e

Pd(PPhq)‘, oM K;CO4 %_( {
Toluene EtOH

<A 1> 4.8—d1br0m0—6—DhenV1—2.6—d1thr0—1H—benzo[deﬂcarbazole9] A
4,8-dibromo-2,6-dihydro-1H-benzo[def]carbazole (10g, 28.48mmol) ¥} iodobenzene
(7.0g, 73.95mmol)< =52l 300 méell =21 Th+ Pd,(dba); (1.3g, 1.37mmol)=
A 2 &}ol] 3] 813t 0] 5, NaOBu-t (8.21g, 85.44mmol)= ¥ 3L, (t-Bu),P (1.42
m, 1.42mmol)< g 7] Wk-g- N el F9) gk o E3H=-& 5A17F 9k 2

S LS A

4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (8.0g, 18.7mmol)¥}
dibenzo[b,d]thiophen 4-ylboronic acid (4.3g, 14.03mmol) 2 Pd(PPh,), (1.1g,
0.95mmol)S =829 ¥ a1 2N Na,CO; 33} 89 56 ml 2} 1.4-dioxane 190
n0E 9ol 1Al F 1347k B0k b mukakgie.
R ¥ ER5E Fol st o ob o] ER FEsgieh ol 7l
Na2804fa ﬁ}_/\] 7] a1 7Fel =531 E}—Q— 7 & ﬂim};zﬂ];ﬂi

4-(dibenzo[b.d]thiophen-4-y1)-6-phenyl-8-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl
)-2.6-dihydro-1H-benzo[def]carbazole 2] $+4]

4-bromo-8-(dibenzo[b,d]thiophen-4-yl)-6-phenyl-2,6-dihydro- 1H-benzo[def]carbazo
le (6.4g, 12.07mmol)¥} Bis(pinacolate)diboron (3.7 g, 14.57mmol) = Pd(dppf)Cl,
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[142]

[143]

[144]

[145]
[146]

[147]

[148]
[149]

[150]

[151]
[152]

[153]

26

(490 mg, 0.60 mmol), KOAc(2.4 g, 24.4 mmol)E S} ¥
aholl B¢l 120 meoll &3 A1 71 F- 1241 7F &<t 85 W 0ksES)
Z2AY = AL 3015 T AL o0 7 Ay} 1 -2 29 S22 ul
oo Hl o] B2 F &3t Aol 7154
SR AW IRt R R YAste] i (6.3g T8 0%
A ). HRMS [M]+:577.542

<7 4>

4-(dibenzo[b.d]thiophen-4-v1)-8-(4.6-diphenvl-1.3.5-triazin-2-y)-6-phenvl-2.6-dihydr

o-1H-benzoldef]carbazole 2] t4
4-(dibenzo[b,d]thiophen-4-yl)-6-phenyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-2,6-dihydro-1H-benzo[def]carbazole (5.8g, 10.70mmol) 2}
2-chloro-4,6- diphenyl 1,3,5-triazine (3.4g, 12.74mmol) X Pd(PPh,), (620mg,
0.53mmol) & & e}2= .0 ¥ 3l 2N Na,CO, Z8} -8 9 32m0 %} 1.4-dioxane 110
0l gof Hel T 13417k F<t sk kst e,
WS FR T SREE Folsha o olAglo] B F &5 Fojx

indias NastE'a zj}_ﬁl 71 el ;%ﬂ o A ﬂiﬂ}ilﬂmi

1
ro-1H-benzo[def]carbazole)®] 34
2-chloro-4,6-diphenyl-1,3,5-triazine 2! 2-chloro-4,6-diphenylpyrimidine &

AhgsHE AL A 918k, 37] F4 o 99 BA 492 Aol FA
S (& 80%)= ST} HRMS [M]+:681.844

[34d o 11]1 Cpd 17

1H-benzo[def]carbazole)] 34

2-chloro-4,6-diphenyl-1,3,5-triazine %] 2-bromo-4,6-diphenylpyridine &
AFBERE S ASI L, 7] SH o 99k BT AL Aol FA
SHIE(F & 80%)S A AT HRMS [M]+:681.844

[3A < 121 Cpd 18
2-(11.1':3'.1"-terphenvl]-5'-vD)-6-(dibenzolb.d]thiophen-4-v])-4-phenvl-8.9-dihvdr

0-4H-benzo[deflcarbazole)&] 4
2-chloro-4,6-diphenyl-1,3,5-triazine %! 1-Bromo-3,5-diphenylbenzene&

AR = 1S A Q) sfals, A7) A o] 99} T A Sk vk S 423 3o A
S SHE (8 80%)2 AUt HRMS [M]+:679.233
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[154]
[155] MﬂM

[156] . ! Pd,(dba)s, (t-Bu)sP
oo R
+ NaOt-Bu, Toluene

PaldppCly KOAe -0 Q.Q 0 N; PA(PPhy)s, oM K,CO3
e . \ +
1,4-dioxane O e} Toluene, EtOH
Br

[157] <A 1> 4.8-dibromo-6-phenyl-2.6-dihydro-1H-benzo[def]carbazole 2] 341

[158] 4,8-dibromo-2,6-dihydro-1H-benzo[def]carbazole (10g, 28.48mmol) ¥} iodobenzene
(7.0g, 73.95mmol)= =72 300 meell =521 v Pdy(dba), (1.3g, 1.37mmol)=
A A slol F<918F3A ). ©] 3+, NaOBu-t (8.21g, 85.44mmol)=S ¥ 3L, (t-Bu)sP (1.42
m¢, 1.42mmol)& 7] W&ol T3k v =2 5ARF St S
ETA=1 ) 2 A},

[159]  TLCE Whgo] FAH = A& e 422
ER

[160] <A 2>
6-phenyl-4.8-bis(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-2.6-dihydro-1H-benzo[d
eflcarbazole 2] 34

[161] 4,8-dibromo-6-phenyl-2,6-dihydro-1H-benzo[def]carbazole (8.0g, 18.72mmol)2}
Bis(pinacolate)diboron (11.9 g, 46.82mmol) 2 Pd(dppf)Cl, (1.52 mg, 1.87 mmol),
KOAc(7.3 g, 74.37mmol) & =&}~ of Wit A4 B9 7] 3ol EF¢l 120 meoll
ﬁ%ﬂ/\] 71 T 12478 Fok 35 skt TLCE Whego] £ 45 &= AL gol gt

FAEOE AP MG B2 T SHEE D3 AP0 = F s,
0401 "'“Nazsozti 4-;11—}\]7]31@?}% 6 1—4_9.7434

EH}EJﬂME A sl Bhek (8.7g, 8 89%)2 A RATE HRMS [M]*
:521.262
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[162]

[163]

[164]

[165]
[166]

[167]

[168]
[169]

[170]

[171]
[172]

[173]

[174]
[175]

[176]

28

<A 3>
6-phenyl-4.8-bis(9-phenyl-9H-carbazol-3-y1)-2.6-dihydro- 1H-benzo[def]carbazole 2]
Eael

6-phenyl-4,8-bis(4.,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl)-2,6-dihydro- 1H-benzo
[def]carbazole (8.0g, 15.34mmol)¥} 3-bromo-9- phenyl -9H-carbazole (12.3g,
38.17mmol) & Pd(PPh,), (1.8mg, 1.55mmol)< &gl 2= =10l ¥ 31 2N Na,CO; ¥~ 3}
-89 92mf 2} 1.4-dioxane 150 m¢E Yo #5291 §- 13A] 7+ &-<F 71 ulwks) ¢l vy,

g TR 5 SRTE Folstal d"obA ol ER &k 3l vh Aol
7158 NSO, 2 AAZA 7] AL ASt S/ 3 b A9 AR Eg a2
A sto] A 3} (8.62, T 75%)S AU HRMS [M]+:751.913

[3td ol 14] de 27
4.8-bis(4

3-bromo-9-phenyl-9H-carbazole 2] 2-chloro-4,6-diphenylpyrimidine & A}-8-3}+=
2 A9 ekale, A7) Fd ol 133 T A3 A= Fasto] 1A shetE(rE
80%)< ¥ XA tt. HRMS [M]+:729.867

Iﬁﬁ"é o 15] de 28

3-bromo-9-phenyl-9H-carbazole t] 2] 2-chloro-4,6-diphenyl-1,3,5-triazine &
AHgahE AL Al sk, 3] G o) 139 BAG gL 5] BA
Sk (578 80%)= A ATE HRMS [M]+:731.843

[3t4d o 16] Cpd 29

3-bromo-9-phenyl-9H-carbazole Ul 4] 2-bromo-4,6-diphenylpyridine & A}-& 3}
s A9 etale, 7] A ol 133} & A3 A& asto] A s (FE
80%)2 A AT}, HRMS [M]+:727.891

[3t4 o 171 Cpd 30

3-bromo-9-phenyl-9H-carbazole 2 1-Bromo-3,5-diphenylbenzene = =
28 A9l sk, 47) ol 139§ A H & sl HA G
80%)< A AT} HRMS [M]*+:725.308
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[177]
[178]
[179]

[180]
[181]

[182]

[183]
[184]
[185]

[186]

[187]

[188]
[189]

[190]

29

[3HA < 18~34] Cpd 37. 40. 43. 44. 47. 48. 49. 50, 51, 52, 53, 54, 58, 63. 64, 65, 66
Iodobenzene t 4! 1-Bromo-3,5-diphenylbenzene & A}-&-3}+ 51S A 9] 3oL+,
71 Aol 1~173 5 LS AG& 8 slo] A shbES 2H A9l

[3+4d o 35~51] Cpd 73, 76. 79, 80. 83, 84. 85, 86. 87, 88. 89, 90. 94, 99. 100, 101,
102

Todobenzene t)] 4] 2-chloro-4,6-diphenyl-1,3,5-triazine & A}F8-3}+= 2=
Aol statsz, 7] Aol 1~173 A8 A4 & A sho] Al Sk S 7t
AATE

[AAld1~511 54 §7] EL &Ak9] A%}

A7)0l A s | 8 sHE epd (1, 4, 7-8, 11-18, 22, 27-30, 37, 40, 43-44, 47-54, 58,
63-66, 73, 76, 79-80, 83-90, 94, 99-102)= A o2 A WHO R 5%
S AE g 5 ofef o] HA o mpef =54 {-7] EL &AFE Al 2FsF LT

™ A, ITO (Indium tin oxide)”7} 1500A F7| = vhu} m€l | F] 7198 S 7/
252 AHE Y TR AFHo] Eui o] A2 A FE oA E, vEE
5o AR 253 A A S star A F A 71 3 UV OZONE A 4 7] (Power sonic
405, SFAE| )2 o] F A 7] Y5 UVE o] &8} A7) 73S 53-3F Al A 8ot
AF F27) 2 7138 o]53F t).

ol& A &8 E ITO ¥4 A= 9ol m-MTDATA (60 nm)/TCTA (80 nm)/ 3}3}%&
cpd (1, 4,7-8, 11-18, 22, 27-30, 37, 40, 43-44, 47-54, 58, 63-66, 73, 76, 79-80, 83-90,
94, 99-102)(Z+2h) + 10 % Ir(ppy)s (300nm)/BCP (10 nm)/Algs (30 nm)/LiF (1 nm)/Al
(200 nm) &= 0. & A ZE3}o] 7] EL 2A4FE A 233 v}

m-MTDATA, TCTA, Ir(ppy);, CBP ¥ BCP9| +Z+= 3}7] ¢} 4t}

S OQQ o o
g )

N

O

m-MTDATA TCTA
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[191]
[192]
[193]

[194]

[195]
[196]

[197]
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Mlxd 1154 §7] EL A A-2] A2

Ir{ppy)s

b= XA g 5 AE B2 2 A glekE
Al lskalz, 7] AA ol 13} $ A P o= =5 A

[ 714 1]
A A o] 1~51 2 1] o] 164 A

=
55

Adte

hyA
AT

\

]
=

[

% 10 mA/crtol) A 9] A

3} 7]

3% 190 YERN AT

1

N

o4l CBP=

A3 = A S

TORN=

7] EL 24H&

A 2+l Tk
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[Table 1]

I~
<
3
Q
e
o
;o“ﬂ
El | === |||~ ||~~~ |||~ |=|R|—]|=|—~]|
wlal=s|lg|lgg|ldl=|lg|l=|g|lg|=|dl=|@|F|g|e|m|ld|lm|le|lm|@|e|=|c|=|da
Xl [F|l vl |l |Fl|F|F| ||l F|ld|F|F ||| F| | F|F|[F|~> |
N
g
c
il
)

w | o |~ | n | |00 N0 (00N |00 |00 N
Llllllllllllllll11111111111111
[ I PO I P I VN R Vo N N Vo N N Vo S (N VN I Vo S I P S IR VoS R VoS I Vo S IR Vo IR Vo S S PN I Vo I VS IR Vo S R P S N Vo N I Vo (N VS IR Vo S I Vo S I VoS (N VS I Vo S IR Vo R Vo
I~
>
i
ol
&

ol | = |la|=m|la|le|=mlo(=m|lo|lo|m|le(m|lom|la|lom|le|mla|m|la|a(zm||=|x

SR (SR IS ISR ]R IR ISR IF[R[([F]xR|
Fle|le|d|le|d|e|dle|dlc|s|c|ls|d|s|d|c|s|c|d|c|d|c|d|c|S|c|S|
|
<]

ol —|laa|en]g |||l |lada|ln|lw|la|lolc ||| |l |la|lol—~|a|on | <

— |t | ]|~ |~ ||| ||| [Nl [n|n || T | T |TF|F|FT| ]| ||| N
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(= 1 o1 e IRt o o Y R S v v g I o v Rt o Y v g o v o o1 o g o o Y v A v (o IR
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21 AT of] 30 58 6.81 518 41.1
2 AT o) 31 63 6.79 517 40.8
2 AT ol 32 64 6.81 518 41.1
2 4] of] 33 65 6.79 517 40.8
2 AT of] 34 66 6.79 517 40.8
2] of] 35 73 6.81 518 41.1
21 AT o) 36 76 6.78 515 42.4
2] of] 37 79 6.81 518 41.1
21 4] of] 38 80 6.79 517 40.8
21 AT o)) 39 83 6.81 518 41.1
2L AT of] 40 84 6.79 517 40.8
2 Ao 41 85 6.79 517 40.8
2 A o 42 86 6.81 518 41.1
2] of] 43 87 6.79 517 40.8
2 A o] 44 88 6.81 518 41.1
2] o] 45 89 6.78 515 42.4
2 AT o) 46 90 6.81 518 41.1
2 A o] 47 94 6.79 517 40.8
2] of] 48 99 6.81 518 41.1
2 AT ol 49 100 6.79 517 40.8
2 AT of] 50 101 6.79 517 40.8
2 AT o] 51 102 6.81 518 41.1
IS CBP 6.93 516 38.2
[198] 7] 5% 10l Vel npe} o], 2 whgof] kg 8}9kaS =4 7] EL 42419
g OB ARG Sk A A o 1~519] 7] EL &2 4k= £ CBPE ARS8k
njalo] 12} =4 7§-7] EL &Akek el = wf, S48 B -5 A Wl A By
ek g e = S ¢ AT
[199]

[200] [AA] o] 52 ~102] 42 7] EL &8 A=

[201] b $HA1H BFHE- cpd (1, 4, 7-8, 11-18, 22, 27-30, 37, 40, 43-44, 47-54, 58,
63-66, 73, 76, 79-80, 83-90, 94, 99-102)& T} A o 2 4 HPH O 2 5141
S AAE FAe T ol o] HA ol whet P 7] EL 2AHE Al 2Fek ST
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[202]

[203]

[204]
[205]

[206]
[207]
[208]

[209]
[210]
[211]

[212]

33

™ A, ITO (Indium tin oxide)”7} 1500A F7| = vhu} mel | f2] 7198 S 7/
Z5 92 A H T S/ Al H o] Fud o)A 2 dhF g of A E, W e
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[Table 2]

A& T EL ¥ (mm) [AFa&

)

2] ol 52 7.22 471 5.99
2] of] 53 7.12 472 5.85
2] of] 54 7.00 472 6.34
2] o] 55 7.29 473 6.90
2] o)) 56 7.30 474 6.34
2] ol 57 7.24 475 6.55
2 4] of] 58 7.15 471 6.94
2 AT o)) 59 7.23 472 6.25
2 AT of] 60 7.00 472 6.34
2 AT o) 61 7.29 473 6.90
2 AT ol 62 7.30 474 6.34
2] o] 63 7.24 475 6.55
2 AT o] 64 7.15 471 6.94
2] o] 65 7.23 472 6.25
2 AT o) 66 7.22 471 5.99
2 A] ol 67 7.12 472 5.85
2] of] 68 7.00 472 6.34
2 AT ol 69 7.29 473 6.90
2 AT of] 70 7.30 474 6.34
2 Ao 71 7.24 475 6.55
2 A] o] 72 7.15 471 6.94
2] ol 73 7.23 472 6.25
21 A] o] 74 7.12 472 5.85
2] o] 75 7.00 472 6.34
2 AT o) 76 7.29 473 6.90
A AT e 77 7.30 474 6.34
2] of] 78 7.24 475 6.55
2 AT o) 79 7.15 471 6.94
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21 AT of] 80 54 7.23 472 6.25
21 A ¢ 81 58 7.12 472 5.85
2 AT of] 82 63 7.00 472 6.34
21 4] of] 83 64 7.29 473 6.90
2 AT of] 84 65 7.30 474 6.34
2] of] 85 66 7.24 475 6.55
21 AT o)) 86 73 7.15 471 6.94
2 A o) 87 76 7.23 472 6.25
21 4] of] 88 79 7.30 474 6.34
21 AT o)) 89 80 7.24 475 6.55
21 AT of] 90 83 7.15 471 6.94
2 AT e 91 84 7.23 472 6.25
2 AT ol 92 85 7.12 472 5.85
2 4] of] 93 86 7.00 472 6.34
2 AT of] 94 87 7.29 473 6.90
2 A] o] 95 88 7.30 474 6.34
21 AT o)) 96 89 7.24 475 6.55
2] ol 97 90 7.15 471 6.94
21 4] of] 98 94 7.23 472 6.25
21 AT o)) 99 99 7.12 472 5.85
21 A o] 100 100 7.00 472 6.34
21 Al o] 101 101 7.29 473 6.90
2 Al o] 102 102 7.30 474 6.34
H] o] 2 CBP 7.80 474 5.80
7] 3 200 YER B |, 2 @ el i s3ES F A F7] EL 2219
g% 0 2 AFE-EHE A A of 52-1029] 7] EL &4 £ CBPE A-&-3h=
njale] 2] A 7] EL 2Akok wlals)] & w) 58 3 e et oA B
T8k s g Ve = T Atk
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