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[0090]

[0091]
[0092]

[0094]

[0095]
[0096]

[0098]

[0099]

[0100]

ZIHSd 10-2019-0035070

(D) Azl - F0A4 1-19] A

PO® L
Cl Cl
Cl Cl
11

1,8-dichloroanthracene (10 g, 0.0405 mol, sigma aldrich), chloroform 200 mLE €3 0 C=E YA
Bromine (7.11 g, 0.045 mol, sigma aldrich)S FHX3] H7IA71 & AFo|M 12 AI7F &<t

1l

ol

W
ke
oh. Wk 28 F 2 NaOH F8AE AL83te] Bromine AAS T AAAE nAE oAFste] <F7HA] 1-1>
g (% 84.1%) 5319},

=

o

11

o

o

(2) Azxd 2 @ FIHA 1-29] A

Br B(OH)2 Cl
o0 O — 00
Cl Cl Cl cl
11 1-2

<24 1-1 (10 g, 0.031 mol), 4-chlorophenylboronic acid (5.76 g, 0.037 mol, sigma aldrich), potassium

carbonate (12.72 g, 0.092 mol, sigma aldrich), Pd(PPhs)s (1.77 g, 0.0015 mol, sigma aldrich), THF 200
ml, H,0 40 mL Y3l 5AI7F &<+ BF{ wHkste] BEGAIATEH. 9Hg TR F H0 : MCE o] &3t TR E 3 +

AAAA (N-HEXANE : MC)3te] <F7HA 1-2>2 9 g (58 82%) 533

(3) Az 3 : FIHA] 1-39] A

0o
o s
Egten :
(o] 0
Q Cl B
1-2 1-3

=7+ 1-2 (10 g, 0.028 mol), Bis(pinacolato)diboron (15.62 g, 0.0615 mol, sigma aldrich), potassium
acetate (8.23 g, 0.084 mol, sigma aldrich), PdCl.(dppf) (0.61 g, 0.0008 mol, sigma aldrich), 1,4~

© o o=

Dioxane 200 mL 23 95 C oA 12A17F E¢F wwksle] kAT, 28 =8 T |, Y1 =3I 3 T Ay

A (N-HEXANE @ MC)3Fe] <&7HA] 1-3>5 11.7 g (58 77.4%) 533},
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[0102]

[0103]
[0104]

[0106]

[0107]
[0108]

[0110]

[0111]
[0112]

ZIHSd 10-2019-0035070

(4) Az 4 @ FIHA] 1-49] A

o]
/
Bi
o

[e]

. : oy
o]
/

as a%e

o]

(0]

4

1-3

Methyl 2-iodobenzoate (10 g, 0.038 mol, sigma aldrich), <%+ 1-3 (45.39 g, 0.084 mol), potassium
carbonate (21.10 g, 0.153 mol, sigma aldrich), Pd(PPhs)s (2.20 g, 0.0019 mol, sigma aldrich), THF 200

ml, H,0 40 mL ¥i 12A13F 5t 37 wwksle] w3 A AT, vbg T8 F H0 © EAE o83t F& 3 & 4

2

HAA (N-HEXANE : EA)3lo] <Z7HA] 1-4>8 16.4 g (55 77.2%) +53+9 ).

(5) Az 5 @ FIHA] 1-59] A

OMe
(0] HO
O i e A
(0] HO
OMe
1-5

1-4

A3 A

A 1-4 (10 g, 0.018 mol), THF 200 mL= % il Methylmagnesium chloride solution® 0 ColA

7Rk 1AF EF WkAlA F 5 HHE] Ao &8 10 AIRE EeF awkste] Wk AT IN HCIS ]88t

FAANTZ|A EAR FE3I T F7]15S AAAA (N-HEXANE : EA)ste] <Z7HA] 1-555 7.7 ¢ (5%

(6) Az 6 @ =24 1-6¢] A

e 2
Cl Q O —— Cl| O 8 O
() (80

1-5

FHA 1-5 (10 g, 0.018 mol), AcOH 250 mLE O TellA4 103+ nRFe}al Phosphoric acid 400 mLE 3 7}8kal
% L EAZ ol gdtel FEF F AUYA

2ol 2 AIZE FoF WHEAI T W FR F NaOHE F3A7]3L HO

(N-HEXANE : EA)3le] <E520A] 1-6>2 7 ¢ (58 74.8%) 533,
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[0114]

[0115]
[0116]

[0117]

[0118]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0127]

[0128]

[0129]
[0130]

ZIHSd 10-2019-0035070

o,
Rt
2,

(D Azxd 7 @ 3= 1

0.0 BOH): O'O
Oy _ — OO0
g, O O

16 1

Z=2r4 1-6 (10 g, 0.0192 mol), naphthalene-1-boronic acid (6.96 g, 0.0230 mol, sigma aldrich),
potassium carbonate (7.96 g, 0.0576 mol, sigma aldrich), Pd(PPhsy), (1.11 g, 0.001 mol, sigma aldrich),

Tol 200 mL, EtOH 40 mL, H,0 20 mL Y3 6 A7+ b 37 wusle] wkS A AT, WS T8 H,0 : MCE ©]

kel
5
g3alo] 222 3 T APAA (N-HEXANE : EA)3le] 818E 1S 9.5 g (58 80.8%) F53H5itt.
H-NMR (200MHz, CDC13): 6 ppm, 1H(8.55/d, 8.42/d, 8.21/s, 8.08/d, 8.04/d) 2H(8.09/d, 7.81/d, 7.55/m,
7.44/m, 7.31/d, 7.24/m) 3H(7.61/m) 4H(7.25/d) 12H(1.78/s)

LC/NMS: m/z=612[ (M+1)]

Ao 2 - setE 13 A

(1) Az 1 : 3}3E 139 A4

’fjifi}::\ %
a4 o BOH: . &4 \_/
I X 7N/ N\ 3
cl —.\,‘\:/\/ ( \>> o + — < 7\ —<\:/\‘—</ \ -
=\ a
16 13

=24 1-6 (10 g, 0.019 mol), dibenzolb,d]furan-4-ylboronic acid (4.88 g, 0.023 mol, Yurui), potassium
carbonate (7.96 g, 0.0576 mol, sigma aldrich), Pd(PPhs), (1.11 g, 0.001 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H,0 20 mL €3 6A1ZF &<QF 3F wwtste] wbgAIHT, ¥ $5 & H0 @ MCE o] &3l T
wEE o & APAA (N-HEXANE : EA)3te] 313&E 13 10 g (57& 79.8%) F-53F3itt.

H-NMR (200MHz, CDC13):& ppm, 1H(8.21/s, 7.89/d, 7.85/d, 7.66/d, 7.32/m) 2H(8.09/d, 7.61/d, 7.44/m,
7.38/m, 7.31/d, 7.24/m) 3H(7.81/d) 4H(7.25/d) 12H(1.78/s)

LC/MS: m/z=652[ (M+1)']

4

)

Al 3 3IgHE 37

(1) Az 1 2 F3A] 37-19] 34

O'O O'O
O.O i i )@ O.Q

371

ZZHA 1-6 (10 g, 0.019 mol), Bis(pinacolato)dibron (5.85 g, 0.023 mol, sigma aldrich), potassium

_47_



[0132]

[0133]

[0134]

[0135]

[0136]

[0138]

[0139]

[0140]
[0141]

[0143]

[0144]
[0145]

ZIHSd 10-2019-0035070

acetate (4.71 g, 0.048 mol, sigma aldrich), PdCl.(dppf) (0.42 g, 0.0006 mol, sigma aldrich), 1,4-
Dioxane 200 mL 23 95 C oA 12A17F Bt wwkste] wh-eA|ATH. ¥He 28 = 0 Y1 228 3 & 4
AA A (N-HEXANE : MC)3}e] <F71A 37-1>8 9.2 g (& 78.3%) =39},

(2) Az 2 : shgt= 379 §4

2-bromo—4,6-diphenyl-1,3,5-triazine (10 g, 0.032 mol, TCI), =7tA 37-1 (23.55 g, 0.038 mol),
potassium carbonate (13.28 g, 0.096 mol, sigma aldrich), Pd(PPhs)s (1.85 g, 0.0016 mol, sigma aldrich),

Toluene 150 mL, EtOH 30 mL, H,0 15 mL ¥3 8AIZF FoF 37 mwutsle] wkSA|ATH, ¥HS ZE S H0 @ MCE
ol gale] FEEZE 3 F AYAA (N-HEXANE : EA)&le] 3}3HE 375 18.1 g (& 78.7%) S53iv}.

H-NMR (200MHz, CDC13):§& ppm, 1H(8.21/s) 2H(8.09/d, 7.85/d, 7.81/d, 7.61/d, 7.44/m, 7.41/m, 7.31/m,
7.25/d, 7.24/m) 4H(8.28/d, 7.51/m) 12H(1.78/s)

LC/NS: m/z=717[ (W+1) ]

Ao 4 : 3I3HE 63 §A

(1) Az 1 F7HA 63-19] 34

1-1 63-1
=24 1-1 (10 g, 0.031 mol), 4-chloronaphthalen-1-ylboronic acid (7.60 g, 0.037 mol, Yurui),
potassium carbonate (12.72 g, 0.092 mol, sigma aldrich), Pd(PPhs), (1.77 g, 0.0015 mol, sigma aldrich),
THF 200 mL, H,0 40 mL ¥ 3L 8AIZF &<t 37 wwtale] wbgA[Z T ¥H8 £5 § H0 @ MCE ol&3le T+
bl

ol

2 3 5 AYUAA (N-HEXANE : EA)3HY] <F7H4] 63-1>S 10.1 g (58 80.8%) +5

(2) Az 2 : F3A 63-29] A

/O
(s ()4
o 0 o
(0] (o] /O
5 O 5 O
N\
(¢]
63-2

63-1

=24 63-1 (10 g, 0.025 mol), Bis(pinacolato)diboron (13.70 g, 0.054 mol, sigma aldrich), potassium
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[0147]

[0148]
[0149]

[0151]

[0152]
[0153]

[0155]

[0156]
[0157]

ZIHSd 10-2019-0035070

acetate (7.22 g, 0.074 mol, sigma aldrich), PdCl.(dppf) (0.54 g, 0.0007 mol, sigma aldrich), 1,4~
Dioxane 200 mL Wi 95 T oA 12A1ZF &<t wykale] whgA Y. B T8 % H0 Y32 SEYE & F 2

A4 (N-HEXANE : MC)3le] <Z7HA] 63-2>2 11.4 ¢ (58 78.7%) $5319t}.

(3) Az 3 : FZHA 63-32] FHA]

OMe
o]

O
: 2%y
| O o
S - 00 T a9
[e]
/
5 O 92a%e
N\
(0]
o

OMe

SN,

63-2 63-3

Methyl 2-iodobenzoate (10 g, 0.038 mol, sigma aldrich), <%t 63-2 (49.60 g, 0.084 mol), potassium
carbonate (21.10 g, 0.153 mol, sigma aldrich), Pd(PPhs)s (2.20 g, 0.0019 mol, sigma aldrich), THF 200

mL, H0 40 mL FaL 124]2F g7t &7 wnkste] RbSAIRAY. whg FE 5 W0 0 FAS o83t =53 & ™

N}

A A (N-HEXANE : EA)3}o] <Z=71A] 63-3>S 17.8 g (58 76.8%) TS5+t

(4) Az 4 @ FHA 63-49] FA

OMe
0 HO
o~ — -0
O HO
OMe
63-4

63-3

=74 63-3 (10 g, 0.017 mol), THF 200 mLES @il Methylmagnesium chloride solution® 0 CollA A3 A

7Fekal 1IAIZE St WAl A £ FH HHF] Aoz &7 10 AR Qb uukste] wkSAIFH Y. IN HC1S ©] &3}
o] k&S FAAZ|AL FAR FEI 5 F7]5S AEAA (N-HEXANE : EA)3Sle] <F3HA| 63-4>5 7.8 g (58
78%) G~53FT).

(5) Azd 5 : F3HA| 63-59] 4

) 8%
a0 Ry
S00 S8

ZHAl 63-4 (10 g, 0.0165 mol), AcOH 250 mLE 0 CellA] 103+ wwkakar Phosphoric acid 400 mLE %713}
Aol A 2 AlZE FoF WHkAAT, g TR F NaOH 2 3713 B0 : EAE o] &3t &% F APA

Rlofy
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[0159]

[0160]
[0161]

[0162]

[0163]

[0165]

[0166]

[0167]
[0168]

[0169]

[0170]

[0172]

ZIHSd 10-2019-0035070

Al (N-HEXANE @ EA)3te] <F3HAl 63-5>5 7 ¢ (57& 74.4%) 55313t

(6) Az 6 : 3}sHE 63¢] A

ase 0
OO e FO-O0

63-5

=24 63-5 (10 g, 0.0175 mol), naphthalen-2-ylboronic acid (3.61 g, 0.021 mol, sigma aldrich),
potassium carbonate (6.05 g, 0.044 mol, sigma aldrich), Pd(PPhsy), (1.01 g, 0.0009 mol, sigma aldrich),
Toluene 200 mL, EtOH 40 mL, H,0 20 mL ¥ 8A|zF B¢t 37 wwkste] wh-eAZTh ¥He £8 & [0 @ MCE
ol g3t FEEE 3 F AP AA] (N-HEXANE : FA)Ele] 3}3HE 632 13.2 ¢ (58 78.8%) 53t}

H-NMR (200MHz, CDC13):8 ppm, 1H(8.21/s, 7.92/d, 7.73/d, 7.58/s) 2H(8.55/d, 8.09/d, 8.01/d, 8.00/m,
7.81/d, 7.61/d, 7.59/m, 7.55/m, 7.44/m, 7.31/d, 7.24/m) 12H(1.78/s)

LC/NS: m/z=662[ (M+1) ]

Ao 5 : 3ISHE 65 §A

(1) Az 1 : 33E 659 A

// /a

ﬁ%

o8 e u% %
< /};,

63-5 65

kA 63-5 (10 g, 0.018 mol), 9H-carbazole (3.5 g, 0.021 mol, sigma aldrich), potassium carbonate

(6.05 g, 0.044 mol, sigma aldrich), Cu (0.63 g, 0.0018 mol, sigma aldrich), dibenzo-18-crown-6 (2.23
g, 0.035 mol, sigma aldrich)oﬂ Dimethylformamide 200 mLE ¥ 31 100 ColA 12A]7F 59t "’H}él—oﬂ HE-S- A1
o 9 TR ST HO0 ¢ MCol TEEE ¢ & AHAA (N-HEXANE : EA)SHS] 83t&E 658 9 g (57§ 73.2%) &
Skt

H-NMR (200MHz, CDC13): 68 ppm, 1H(8.21/s, 8.12/s, 8.08/d, 7.95/d, 7.94/d, 7.63/d, 7.50/m, 7.40/d,
7.33/m, 7.29/m, 7.25/m) 2H(8.55/d, 8.09/d, 7.81/d, 7.61/d, 7.55/m, 7.44/m, 7.31/d, 7.24/m) 12H(1.78/s)

LC/MS: m/z=701[ (M+1)']

Srde] 6 : 3HekE 88 A
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[0173]

[0174]

[0175]

[0177]

[0178]
[0179]

[0181]

[0182]
[0183]
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(D Az 1 : F3IHA] 88-19] A

BOH): O i
e by P8R,
88-1

11

=24 1-1 (10 g, 0.031 mol), b5-chloronaphthalen-1-ylboronic acid (7.60 g, 0.037 mol, Yurui),
potassium carbonate (12.72 g, 0.092 mol, sigma aldrich), Pd(PPhs), (1.77 g, 0.0015 mol, sigma aldrich),

THF 200 mL, H0 40 mL €3 8 AIZF &<+ 7 wwrste] wH-gAIZT. 98 T35 § H0 : MCE o] &3lo] i
3 3 AP (N-HEXANE © EA)3le] <E7H4] 88-1>% 10.1 g (& 80.8%) =53} t}.

il

(2) Az 2 : F3IHA] 88-29] A

/
o\
oS
O
88-2

88-1

=24 88-1 (10 g, 0.025 mol), Bis(pinacolato)diboron (13.70 g, 0.054 mol, sigma aldrich), potassium
acetate (7.22 g, 0.074 mol, sigma aldrich), PdCl,(dppf) (0.54 g, 0.0007 mol, sigma aldrich), 1,4~

Dioxane 200 mL 23 95 C oA 12A17F HoF wutsle] wle A AT, WS 23 3 [0 931 =82S 3 & A
BAA (N-HEXANE : MC)3}e] <F=71A] 88-2>2 11.4 g (& 78.7%) F535+%tth.

(3) Az 3 : F3A] 88-32] $HA]

/

B

o

OMe -

o
o O

Cl

88-2

Methyl 2-iodobenzoate (10 g, 0.038 mol, sigma aldrich), SZFA 88-2 (49.60 g, 0.084 mol), potassium
carbonate (21.10 g, 0.153 mol, sigma aldrich), Pd(PPhs)s (2.20 g, 0.0019 mol, sigma aldrich), THF 200

mL, H0 40 mL ¥ 12 AIZF &9t &7 witste] WEEAIF T WS T8 §F H0 @ EAE o] 83t =& 3 & 4
HA A (N-HEXANE : FA)3}o] <F=71A] 88-3>S 17.8 g (& 76.8%) F535+%tth.
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[0185]

[0186]
[0187]

[0189]

[0190]
[0191]

[0193]

[0194]
[0195]

[0196]
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(4) Az 4 @ FHA 88-49] A

BUEIE

2

NOOON

OMe
HO
— ()
o~ O~
HO
OMe

88-4

88-3

88-3 (10 g, 0.017 mol), THF 200 mLE %3l Methylmagnesium chloride solution® 0 CeolAl M3 A
A 5 WA AE F dH>e] oz &8 10 Al 59 wkste] w-gAIZ T, IN HC1S 0] 831

AN 7|3 FAR FZ3 T F715S AHAA (N-HEXANE : EA)Sle] <E7+A) 88-4>2 7.8g (584 78%)

2

I mlo

ol
3
i

oo O X

(5) Az 5 : FZA] 88-59] 34

2% %
S e
S0 oo

88-5

Z7F4) 88-4 (10 g, 0.0165 mol), AcOH 250 mLE 0 ColA] 10%7F WHFSFIL Phosphoric acid 400mlE H7}sla
Ao A 2 A7 EoF WHHAZATE, WHE EFH F NaOHZ £3A17]3 H0 @ EAE o] 83le] FZ3 & AHAA|

(N-HEXANE : EA)3}e] <Z7HA) 88-5>S 7 ¢ (58 74.4%) 5319},

(6) Azl 6 : 3hgh= 884 94

(T o ace
aSs il — o O
Selagy pagelals

88-5

=24 88-5 (10 g, 0.0175 mol), 9-Phenanthracenylboronic acid (4.67 g, 0.021 mol, sigma aldrich),
potassium carbonate (7.26 g, 0.053 mol, sigma aldrich), Pd(PPhs) (1.01 g, 0.0009 mol, sigma aldrich),

Toluene 200 mL, EtOH 40 mL, H:0 20 mL ¥ 8A)7F =<t 3F wwtalo] wheA| T whg 28
ol g3l =REE 3 T APAA (N-HEXANE : FA)SFe] 313HE 88< 10 ¢ (48 80.1%) 4
H-NMR (200MHz, CDCI3):§& ppm, 1H(8.21/s, 7.93/s) 2H(8.93/d, 8.51/d, 8.42/d, 8.12/d, 8.09/d, 7.88/m,
7.82/m, 7.81/d, 7.44/m, 7.31/d, 7.24/m) 4H(7.61/m) 12H(1.78/s)
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LC/MS: m/z=712[ (W+1)']

Ao 7 ¢ 3}EE 106 34

(1) Az 1 F3A] 106-19] 34

3R it —

106-1

1,8-dichloroanthracene (10 g, 0.0405 mol, sigma aldrich), Bis(pinacolato)diboron (13.36 g, 0.053 mol,
sigma aldrich), potassium acetate (7.94 g, 0.081 mol, sigma aldrich), PdCl,(dppf) (0.89 g, 0.0012 mol,

sigma aldrich), 1,4-Dioxane 200 mL 23 95 TolA] 12A17F B<F muksle] WA AT, WS 28 3 H,0 Y1
SEE 3 & Ad4GA (N-HEXANE : MC)sted <Z7HA] 106-1>2 13.5 g (& 77.6%) F53F3IT).

(2) Az 2 @ A 106-29] FA

o} O
/ /
B B
N A
6] O
SRS,
o} O
\ \
o} e}

106-1 106-2

704 106-1 (10 g, 0.023 mol), chloroform 200 mLE Y3 0 C= W¥ZFA7] & Bromine (4.09 €. 0.026 mol,
sigma aldrich)& 3] A7MAZ § A=A 12 AIE 53 agkste] whgA| T, vk 5 F 2M NaOH 4~&
oS AFE3}e] Bromine AAE F AAHE nAES og3dte] <F A 106-2>2 11.1 g (& 84.1%) 53T},

(3) Az 3 : F3HA 106-39] 34

OMe
e}

/
\
©)J\ Br O
106-2 OMe
106-3

\

/

Methyl 2-iodobenzoate (10 g, 0.038 mol, sigma aldrich), &7tA] 106-2 (44.68 g, 0.088 mol), potassium
carbonate (21.10 g, 0.153 mol, sigma aldrich), Pd(PPhs), (2.20 g, 0.0019 mol, sigma aldrich), THF 200

mb, B0 40 mL 3L 12 AJF gk #hF awbste] wkeAZTh Wb T8 F 10 1 EAS °] &35 F= 3+ A
A4 (N-HEXANE : EA)3Fe] <F3HAl 106-3>% 15 g (58 77.2%) F53k3itt
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[0212] (4) Az 4 @ FA 106-49] A
OMe
(0] HO
o) — = )
(0] HO
OMe
106-3 1064
[0213]
[0214] ZZHA] 106-3 (10 g, 0.019 mol), THF 200 mLE YL Methylmagnesium chloride solution® 0 TCeollA X3
A7bstal 1A1ZE 59 WAl AT F A8 AeoR &8 10 AZF B9F uHkste] wEE AT IN HCLS o] &3t

A
o WFSS EFZAA7|IL FAR FE3 T 755 APAA (N-HEXANE : EA)Sle] <E7HA] 88-4>2 7.9 g (7%

[0216] (5) Azd 5 @ FZHA 106-59] A

— =<

O %
S ) s,

HO
o )
HO

106-4 106-5
[0217]
[0218] Z7v4 106-4 (10 g, 0.019 mol), AcOH 250 mL= 0 CollA 10%7F wwkslal Phosphoric acid 400 mLZ #7}38f
I AL 2 AZF EoF wEMAZAT. 8RS FE Z NaOHE S3HA 712 H0 : EAS o] &3] &3 & AYUA
A (N-HEXANE : EA)3}e] <Z7HA 106-552 7 g (8 75.1%) $S3194).
[0220] (6) Az 6 @ 3I3HE 1069 A
O U
106-5 106
[0221]
[0222] =7 106-5 (10 g, 0.020 mol), dibenzolb,d]furan-4-ylboronic acid (5.20 g, 0.024 mol, sigma aldrich),
potassium carbonate (7.06 g, 0.051 mol, sigma aldrich), Pd(PPhs;), (1.18 g, 0.001 mol, sigma aldrich),
Toluene 200 mL, EtOH 40 mL, H,0 20 mL 23 8A|ZF FoF 3% mulsle] HFSA|ATH, ¥HS 28 3 H0 @ MCE
o] g3te] FHYZ 3 F AHPAA (N-HEXANE : EA)sle] SFE 106 9.6 (58 1.5%) FE53FAtt.
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[0229]

[0230]

[0231]

[0233]
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[0236]
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[0239]

[0240]
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H-NMR (200MHz, CDC13): & ppm, 1H(8.21/s, 7.89/d, 7.85/d, 7.66/d, 7.32/m) 2H(8.09/d, 7.61/d, 7.44/m,
7.38/m, 7.31/d, 7.24/m) 3H(7.81/d) 4H() 12H(1.78/s)

LC/NS: m/z=576[ (M+1)']

2Ap AA e

B odge)] w2 AAjdoA, ITO ¥ A= 25 mm X 25 mm X 0.7 mme 8] 713 9o, IT0 T HFo] {
2 110 8 7138 o &3fof, g ‘?i@lo] 2mm X 2 mm 2717} HEE dEHYd & ARG, 71Hs H

of A T o] gtee]l 1 x 10" torr7} HEE & T $7|2S A7) 110 9o a7 P2z G7]=

1359 HFEE o), B v 24 TEE
G AN AARGLAE Axse], B BES TR WP 54S S

A
rlr
o
=
3

Ho/@o ¢]1Z (HAT_CN 5 nm) / A35%Z (a-NPB 100 nm) / AAAAZ (TCTA 10 nm) / F3FZ= (20 nm)
/ AA44% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

10 59 Ao 4355S 457 918 MINE ol gate] A3FRFe A8 5m A% 43 453

o HAS, olF JFLEES a-NPBE AHgStel vtk AAANFE AT 10 m FAZ A

SHTh. weh, WFZFdE SAE IFgERe B o ddye wE 8k 1, 13, 37, 44, 63, 65, 74, 88, 97,
E

=
R FFEE (1S Agad T 20 m s HES usglon, &

7tz A} #%—%(3}71 [201] 3}&E Liq 50% %=38) 30 nm 2 LiF 1 nm 2 ¢-F1F 100 mE 2oz Aut

A el 18 98 F71AARFaAE 47 AN 19 AR R 4
B oAl BHLS MBSk RS AlSsaE, 7] QA 13 FA5

= X
g

13 SEEA B ougel e g
A sck

el 1 22 AAld 1 WA 129 23 54

271 AN e wel AzE 7] AALF A ] thsiA Source meter (Model 237, Keithley)®} 3 =4 (PR-
650, Photo Research)& o]&3le] A, AF F 233 385 AN Y, dF 2= 10 mA/ a7t I A4S
"TFE Hdrem Aolste] Hlusglen, A= F

3* 1
A ] e e v cd/A QE(%) CIEx CIEy
1 s} 3k 411 4.13 8.11 6.85 0.145 0.154
2 3}81 2113 4.16 8.14 6.87 0.145 0.155
3 3}sh2137 4.15 8.17 6.90 0.145 0.155
4 3}t Al44 4.18 8.10 6.84 0.145 0.154
5 3}8}H2163 4.17 8.12 6.85 0.144 0.155
6 3}81 2165 4.20 8.13 6.85 0.145 0.155
7 3}shA174 4.18 8.15 6.89 0.144 0.154
8 3}31 2188 4.15 8.10 6.84 0.145 0.155
9 3}sh2197 4.17 8.06 6.82 0.146 0.155
10 315121106 4.18 8.03 6.80 0.145 0.155
11 s}5h 4127 4.20 8.05 6.81 0.145 0.154

|
(&)
()]
|
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[0242]
[0243]

[0244]
[0245]
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0.144 0.154

12 3}e121152

0.145 0.156

v o] 1 BH1 4.20

71 [ 1ol yebd 2aks durd, 2 2 e f71ed sedes
% o,

[HAT_CN] [ a-NPB] [BHI1]

27 (M) ale] D)o Blste] g =&
N O N
oo A oM o

[BD1] [201]

7\ N
SRS

o

[TCTA]

i
)

oy
g
~

1O
C

z.

== =/
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