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(1200 0.2 Tt dEAde] e wivb, e, w3 2 5E Ee olged §E JdETAAtEE
(indium-tin oxide, ITO), <dFotAAsE (indium-zinc oxide, IZ0), FTO(Fluorine doped tin oxide), ZnO-
Gay03, =& Zn0-Al,0s;, Sn0,-Shy0; &3 #2 &3 #5548 E & 718 58, 299 59 Mgy &4 59 &

Aol Abgd 4 Qlowl, mEAT FAlde] m=w 1100]th,

b A A5 = (EIL, 138)9] AFFd AZ=mE= A 2 AH(122)L &3t 7lElo] (negat ive-charged carrier)<]
Ax(electron)E Tt a4 BA2AN F, dFvgE, T8, &, B o5 ¥§F: ZH/dFv s &
=, volE/S e, FvE/ERE, gFvs/AsEE s 2ol &FdE, dw, e, 9%, vE, v
U, 248, 93 22 3% 2 o850 239 e e Ao wetHE JEF, @8 (lanthanide), °1E

Z(actinide)o] 43 = T= dFuE/Z2E $aold.
A 2 AF(122)2 & 9, AAFAS(EIL, 138)9] FHd ML= AL 35S AT S&sto FAgdo.
43 49, Al 2 A5(122) ol BREawg AT 4 ).

e

2= o] mE A 1 A5(120) 2 A 2 A=(122)2 42 1 & T HHE Fste 2 E £ U 4
5 5o A 1 A5020)2 JF 2 WS ARkl 5 ~ 400 me] FAE 7]3(110)9] Aol FA8E + A
1=

g, A7 7151300 HEEES Sdstety] fd, os 7RE M dnh dd®2, §71EF(130)2
A1 AF(12002.28E #3802 FFFUZ(hole injection layer; HIL, 132), AFTFET(AyAEZE,
hole transport layer; HIL, 134), ¥3E#d=(emitting material layer; EML, 135), AR <SS (AAAEE,
electron transport layer; ETL, 136) % HA}5<UZ(electron injection layer; EIL, 138)0. & FA=E 4 ¢

of. oluf, & ol wet AE B e dE So], TRFEASF(135)] AER 53] AHEE 5 Sl

wA, Al 1T AS210) 3 EF=ES(135) Atolddl ATHE AI¥FASTHIL, 132)2 Al 1 A5(210)02 A
= 1108, B35ESHIL, 13002 AEEE {7 AW 548 AT Wy ofe} 1 gwe
el ke 1109 Fe ExEo] [109] WS FE=gA whEolFE 7|5e dv. s sAs 455
(HIL, 132)& Al 1 A=5(120022 AR F A& 1109 43 T3 AI3FESHIL, 134)9] HOMO 2
ztolg 2-e7] fleke] 1109] A3 +E3 AF5ESMHIL, 1349 HMO &9 F1#s 7HHe 2424,
53] AAds s 2t E4E 493 s 5 AEFUSHIL, 132)° 288 + e 242
2] 3 el 2 Alo}d (copper phthlalocyanine, CuPc) Qo= 4,4 4" '~tris[methylphenyl (phenyl)amino] triphenyl
amine(m-MTDATA), 4,4',4''-tris[l-naphthyl(phenyl)amino] triphenyl amine(1-TNATA), 4,4',4''-tris[2-
naphthyl(phenyl)amino] triphenyl amine(2-TNATA), 1,3,5-tris[N-(4-diphenylaminopheny!)phenylamino]
benzene(p-DPA-TDAB) 59 W= o}9lF  4,4'-bis[N-[4-{N,N-bis(3-methylpheny!l)amino}phenyl]-N-
phenylamino]biphenyl (DNTPD), hexaazatriphenylene—hexacarbonitirile (HAT-CN) & A}83 4 v}, A&
FUFAIL, 132)= o= 59 10 ~ 100 nm9] FAZ Al 1 A=(120)2] Ao 9" = 9l

il

i)

>~

>,

o

o
% — oo
i)

f
K
2
il
i

S, FAEFUSHIL, 132)9 AFdde ATTFYSHIL, 132)& Fdt o HTS 444
(135)e2 aud 5 J=F Fo5ESHIL, 134)0] 63*33%&], Aol s 4, A
TTES UL, 134)°] HOMO o] 3E43(135)9] HOMO FFET %2 EZo] Aedr,
134)o] A& 7153 EdZE N N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1'-diphenyl-4,4'-diamine(TPD),
N,N'-bis(1-naphthyl)-N,N'-biphenyl-[1,1'-biphenyl]-4,4'-diamine(TPB), N,N° -bis—(1-naphyl)-N,N" -
diphenyl-1,1" -biphenyl-4,4" -diamine(NPB), 1-y = =g-N-#d-o}n| =1 #H d (1-naphthyl-N-pheny1 -
aminobiphenyl, NPD), Egdddo}sI(TPA), bis[4-(N,N-diethylamino)-2-methylphenyl](4-methylphenyl)
methane (MPMP) , N,N,N' ,N'-tetrakis(4-methylphenyl)-(1,1'-biphenyl)-4,4-diamine(TTB), N,N'-bis(4-
methylphenyl)-N,N'-bis(4-ethylphenyl)-[1, 1'—(3 3'—dimethyl)biphenyl]—4,4'—diamine(ETPD) T Ay A
E4E B3] A £ Yt dE 5, AFSFSS(HIL, 134) 22 NPB &8 NPDE & AHeS & ded), A
FE3(HIL, 134)2 °F 30 ~ 60 mme] F7A= Xé% JSHIL, 132)9 432 22 5= .

S, ATFEESHIL, 134) ARE HAEHe $34EAS(ENL, 135)02E 2 dyo] wa A <l 3}gtEo]
AR g Slth dlE S0, ¥ el wEt R AA Q1Y S BHEESEL, 135)9] EHER AR
2 9t} o] Ag, HES st weEAS(RML, 135) 5 0.1 % ~ 50 T3 4 U,

olmj, WFEAZ(EML, 135)ole M W3l 2% A4y ¢ oy 424 BAAS oAste] HF §8S F
ZMNA ¢ QEE g 2719l EiE(host)ﬂ- x3HETh o E Eoi Tﬂlv 5% ZE, old F& FE,
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[0150]

[0151]

[0152]

[0153]

[0154]
[0155]
[0156]

[0157]

[0158]
[0159]

SINES 10-2014-0083413
phnylephenolate(BAlg) ® 7MtE F=A] 5§ o= shvE T2ERE AEE & vt olu, &Fvw 55 A&
T A7 okl wE &AEY Hxt=w Hdd, uloldldd, FEd, ololixFmd, vEHAEY,
tolmeH=d, golrdolo]AhFmd F o R o]FoA £ k. I, JHtE FEAE 4,4'-NN'-T
FhbE-1,1' -1t #d (4,4'-N,N'~dicarbazole-1,1-biphenyl, ~ CBP)  ¥E+& N N-t7hpx2d-3,5-MA(N,N-
dicarbazoyl-3,5-benzene, mCP) 3 £ Aq¥ ZAE7 284 4 Qlvf, @FEASF(135)> W=F 5 ~ 200
mm, HEASAE 30 ~ 60 me] FAR FFFESTHIL, 134)9 FFZ HTE 5 ).

g, WFEES(135)7 Al 2 AF(122) Aloldls BFFHSHIL, 132) E BFFEHSTHIL, 130 HeE
A AAFQS(EIL, 133) 2 AzE3(ETL, 136)°] FAHHTE. AAFAST(EIL, 138) d&et dx F9<
FE3l7] 9% Aoz, & £W LiF, BaF2, CsF 53 o] &z 34 T IZIERF 35 o] 7t AL
g9 F . o5 F& dol o) 9] AALEZ(EIL, 136)0] 3 =4S s & J=2 4= F 9
=t

g, AAFES(EIL, 136) T2 AAE Fojd7e 33 Aol 239 As= 7=, oF faAe
2 A2 olsrt eFHM AEE AX FEFES Fote] AEASEML, 135)eE AXE AR FFE)
=, HAg AAEA HiES AFREte] dA olvE AT Zol EO. olE HsiA AAEF(EIL,
136)0.2 AlgE 4+ 9J= EZEZE Tris(8-hydroxyquinolinato)aluminum(Alq3), 9-dimethyl-4,7-diphenyl-
1,10-phenanthroline(DDPA), 2-(4-biphenyl)-5-(4-tert-butyl)-1,3,4-oxadizole(PBD), 3-(4-biphenyl)-4-
phenyl-5-(4-tert-butyl)-1,2,4-triazole(TAZ) ¥} & o}% 3}¥E; phenylquinozaline 5& ¥3sit). HAxl4

+Z(EIL, 136)2 42 =9 5 ~ 150 me] FAZ WFEDZ(EML, 135)9 ¥ AZ=4d 4 9r}.

A, THoRE FASHA o, AFFYEHIL, 132) ¥ AFFEZS(HIL, 134)S AFsled £99 A¥
o] HFFEAZ(135)S A Al 2 AF(122) 02 APt Ao Az £ Gafo] FAE AL £ At
o2 WA|st7] Yste], LHEAZ(EML, 1353 AA54EZ=(ETL, 136) Alolo] HOMO sF&o] W% @& AFxigt
Z(hole blocking layer, HBL)S AT = Qtt. o= So] AFAWZ(HBL) AFRE = = E4=2E 2 9-
dimethyl-4,7-diphenyl-1,10-phenanthroline(BCP)& & & oW, UgF 5 ~ 150 me] FAZ =FELZ(EML,
135)9] o &= 4 ).

olal, ofAIHQ] AAdE Fsle], E AHE ¢ AAsA AYsiA|n, B ko] o]d dA4HE AL A o}
[RA=

Ao 1: A-02 HA 913 330 A

1) 2-(6'-methypyridyl)-6-methylquinoline 2] ¥4

2-(6"'-methypyridyl)-6-methylquinoline 3}7] ¥F-&2] 1-1¢ 2l A Ht}.

E]_]_-_Q_)\] 1-1

Cl

=y FdiFF h3),
= KoL Oy

e + (HO-B — 4
M THF, H-O

TFAH R, 2-round flaskell 2-chloro-6-methylquinoline(5g, 0.02 mol), 6-methyl-2-pyridine boronic
acid(4.0g, 0.03 mol), Ks05(8.3g), A9 Pd(PPh;),sE THF/H0(60 mL/60 mL)ol]l @il 18A]7F =<t
reflux3t}. TLCE HES- 32l & w2 Aoz YA t}S, methylene chloride® extraction, solventZ
evaporating, silica gel columm®® AA|3Fo] 2-(6'-methylpyridyl)-6-methylquinoline(4.9g, yield: 80%)<
AT},
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[0167]
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2) chloro-bridge dimer complex®] 43
chloro-bridge dimer complexi= 3}7] Wk3-2] 1-20f o]dle] A F ).

9g2] 1-2

IINCl;- nH-O
2-ethayethanofH-~0

-"'I:I"‘-| _'_'_'_,_,_,-o-'-Nx

L5

g I

L 1z L dz

FAH o2, Iridium Chloride (5 mmol)<F, 1)olA ¥ 2-(6'-methypyridyl)-6-methylquinoline(10 mmol)<
2-ethoxyethanol : distilled H07F 3:12 Z3F%l §4(30 mL)ol] Pl 24A17F &<t FAFAIZIT. ES H7bsko

FAE A4S o743 T distilled WaterE o] ¥ wo}E & chloro bridged dimer complexZS A%ith.

3) Iridium(II) (2-(6'-methylpyridyl)-6-methylquinoline-N,C2')(2,4-pentanedionate-0,0)[A-02]2] A

A-02 H§tE2 o] Wb 1-39 oJsto] ¥t

ulo ) 1-3
| [
INHW"’CI“I ;N-______qﬂr_‘_,o
\N’/ e 24-pertanedone, Na.CO, ‘“N’/ \“O '
|
P 2ethowyethanol | .
L z 2 L d2

TAHo R, 2)A &A% Chloro-bridged dimer complex (1 mmol), 2,4-pentanedione (3 mmol)2} Na,CO3(6
mmol)S 2-ethoxyethanol(30 mL)o| Wil 24A|7F 59t SFA|ZIT}, o]F F2o2 23 & SHIFE W75t o
W aAqE dAvk. JIAHE 1AE dichloromethane o =9l ¥ silica gels o]&ste] ofHstgla

dichloromethane/ methanol @2 AAA 3t 3}gE A-025 ¥ & St}

Ao 2: A-11 A Q1 shet=o] $HA

1) 2-(6'-methylpyridyl)-6-trimethlysillylquinoline® A

2-(6"'-methylpyridyl)-6-trimethlysillylquinolined 3}7] ®WFg-2] 2-1¢f <J35}o] HA] =},

E]_]_—_Q_)\] 2_1
cl
S, PA(PFPhz1,
| — KOy
+ OB, —_—
b THF, H-O
—~
.-"SI"'\-\.

TFAHeRE,  2-round flasko]l  2-chloro—-6-trimethylsilylquinoline(5g, 0.02 mol),  6-methyl-2-
pyridineboronic acid(4.1g, 0.03 mol), K.C04(8.3g), A%2] Pd(PPhs),= THF/H,0(60 mL/60 mL)ol]l @il 18A17F

=0t refluxdttt. TLCE Wkg ol & exs A2 o7 Y& v} methylene chloride® extraction, solvent
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[0178]
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[0183]

[0184]

[0185]

[0186]

[0187]

[0188]
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£ evaporating, silica gel column®® purificationd}®] 2-(6'-methylpyridyl)-6-trimethylsilylquinoline
(5.0g, yield: 80%)< LA}

2) Chloro-bridged dimer complex®] ¥4
Chloro-bridged dimer complext 3}7] WH&2] 2-20] 2|5}e] Al ¥},

E]_]_—_Q_)\] 2-2

IrIClz nH-0
2-ethaoyethanofH-~0

I
e |:"*d:;f
N o

2 =

FAH o2, Iridium Chloride (5 mmol)e}, 1)oA sHAd3k 2—(6‘—methypyridyl)—6—methquuinoline(lO mmol )&
2-ethoxyethanol :distilled H07} 3:12 E3¥ &N (30 mL)ol Y 24A17F 53 refluxdtch. E& 7t &

AE uAE o373 5 distilled. Water2 oJ8] ¥ Hols % chloro bridged dimer complexE EUT}.

3) Iridium(II) (2-(6'-methylpyridyl)-6-trimethylsilylquinoline-N,C2')(2,4-pentanedionate-0,0)[A-11]¢]
LA
H O

A-11 3HgHE2 87] whg2] 2-30 olsto] A€,

9-g2] 2-3

"'JCIﬁl x_'_,__,—o-"""N“-n )
[l ]
El ‘\\\‘N e 24 pentanedione, Ma-C03 i
I 2 ethmarethanal
|
- -
2 N - L 5 dz

TFAHRoR, 2)d A &AF Chloro-bridged dimer complex (1 mmol), 2,4-pentanedione (3 mmol)®} NayCOs
6mmol)S 2-ethoxyethanol (30 mL)o] YL 24X]7F B<¢F refluxdtt). o] Ao 1 3 2852 H7)8ke
o1 & uAES dUrt. FAHE TAE dichloromethaneo] =<9 F silica gelS ©o]&3le] oJH3td
dichloromethane/ methanol2 AAA3le] 3= A-118 €S 5 o

fu
>
o
401

1A o 38 Iridium(II) (2-(6'-methylpyridyl)-6-methylquinoline-N.C2')(2,2.6.6-tetramethyl-3,5~
heptanedionate-0,0)[A-56]2] A

A-56 ST e al7] g 3ol olste] AT,

22 B B-tetramethyl-3 S-heptaneione
MarC Oy, 2-ethoxyethand
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[0190]

[0191]

[0192]

[0193]

[0194]
[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]
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TFAFoR A7) FAd 19 W2 1-2¢] oJste] A Chloro-bridged dimer complex (1 mmol), 2,2,6,6-
tetramethyl-3,5-heptaneione (3 mmol)$} Na,CO3(6 mmol)& 2-ethoxyethanol (30 mL)oll YL 24A)7F F<b
reflux3tth, o]& L2072 A3 & Z{HFE Hrlsle] o7 & A4S Ao, FAE 1AZ dichloromethane
o = & silica geld o] &3ste] 78t dichloromethane/ methanol® A AAS] &FE A-56S IS

& 9.

Ao 4: Iridium(I11) (2-(6'-methylpyridyl)-6-trimethylsilylquinoline-N,C2')(2,2,6.6-tetramethyl-3,5-
heptanedionate-0,0)[A-74]2] %A

AT4 BRTE o7] g A aol olste] AT

g2 4
| ] |
- ‘-h-_____ﬂr/cljr{ .—-—N‘-u_____hlr o} |
\N”{-—f s 22 B B-tetram ethy1-3,5-heptansione \N,-’"‘ ~a
| P ML, 2-athowyethand | .
- -
I ] L s 2

FAHo R, 7] Ao 29 HEg2] 2-29] 2o]5te] AW Chloro-bridged dimer complex (1 mmol), 2,2,6,6-
tetramethyl-3,5-heptaneione (3 mmol)®} Na,C03(6 mmol)S 2-ethoxyethanol (30 mL)ol EiL 2443+ E<t
refluxstt). o5& F2o02 23 & F HA71sle A3 & uAE Y. A H 1AE dichloromethane
o %ol & silica geld o] &3] o33} dichloromethane/ methanol® AHZAAE ] 3}gtE A-745 IS

A<
T A

AN 10 A-028 EHER o]&3 Wiz A

ITO glass® 3% WAl 3mm X 3 mm 7|7} %= patterningdt & AAATt. 719 AT Ao =3k

% base pressure’/} 1 X 10-° torr7F FE=E 3 3 IT0 9o 7] CuPC(200A), NPB(400A), BAlq + A-

02(5%)(200A), Alg3(300A), LiF(5A), AI(1000A)¢] A= &t adt.

0.9 mASlA] 1880 cd/m’(5.5V)2 vrERUIlom ol CIE x = 0.660, y = 0.3222 ERNQITh. 8 (273 %9
9h)S 2000 cd/m 1A 6,0004]7Fo] AT},

A 2: 3letE A-11S EHEZ o] &3 w3} Az A

ITO glass®] 3% WA 3 mm X 3 mm A7]7} %= patterningdt & AA3AT. 7|#HS ¥ Anjo] 2kl

3 base pressure’} 1 X 10-° torr7F HEE 3 & IT0 9o #7152 CuPC(200A), NPB(400A), BAlg+A-
11(5%)(200A), Alg3(300A), LiF(5A), A1(1000A)9 A= Aasleict.

0.9 mAolAl 2001 cd/m’(5.5V)E vrERUIQlom o]u CIE x = 0.662, y = 0.3235 YEINATE. Y (273 =9
9h)& 2000 cd/m A 6,5004]7Fo] AT},

AA 3: 3}5E A-56S =WE®R o] &3 WA Az A%

ITO glass®] w4 WAo] 3 mm X 3mm 7|7} %= patterningd ¥ AASATH. 7|#S 1F v A3
% base pressure’} 1 X 10-° torr7F HEE 3 & IT0 Ho 7] CuPC(200A), NPD(400A), BalgtA-
56(5%) (200A), Alg3(300A), LiF(5A), AI(1000A)Y] A= A3},
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[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

SIHS51 10-2014-0083413

0.9 mASlA 1892 cd/m’(5.4V)2 vrERUIlom ol CIE x = 0.663, v = 0.3322 UERNQITh. 8 (27359
9h)& 2000cd/m A 5,5004]7Fo] 1L},

AN 4: 33E A-745 E=HER o] &3 uwa Az A%}

ITO glass®] 33 WAo]l 3 mm X 3mm 7|7} HEE patterningd & MAsYTE. 73S 1F Ao s
% base pressure’} 1 X 10-° torr7F HESF 3 & [T0 9ol F7]E<2 CuPC(200A), NPD(400A), Balgt+A-
74(5%) (200A), Alg3(300A), LiF(5A), Al(1000A)2] &A= A9ttt

0.9 mAlA 2024 cd/m’(5.3V) 8 LFERNLo™ ol CIE x = 0.665, y = 0.331% e, 58 (273 %e]
92 2000 cd/m oA 6,000 70] 9T},

Hlawe] 1: (Ir(2-phg)2(acac)E E=EHE=R o]&st vbd 4%} Az}

ITO glass® 3% WAl 3mm X 3 mm 7|7} %= patterningdt & AAATt. 719 AT Ao 3k
% base pressure’} 1 X 10-° torr7F F%E 3 & 170 ¢l 7]%<= CuPC(200A), NPD(400A), BAlg+(Ir(2-
phq)2(acac)(7%)(200A), Alq3(300A), LiF(5A), AlI(1000A)9 <=4 = A3ttt

0.9 mASlA 1173 cd/m’(6.0V)2 vrERUIlom o) CIE x = 0.606, y = 0.3752 UERNQTh. 8 (273 %9
9H)& 2000 cd/m 1A 4000A] 7Ho] L},

Hlwd 2: (Ir(btp)2(acac) S o] &3 Wt 42 A%

IT0 glass® 233 W&ol 3 mm X 3mm 2717} U %2 patterningd = ANASATE. 71#HS JAF Awjd Z=at
F base pressure’t 1 X 10- torr7b HES @ F F71%& 110 o] CuPC(2004), NPD(400A),
BAlq+(Ir(btp)2(acac) (7%)(200A), Alg3(300A), LiF(5A), A1(1000A)¢ A= A3}l h

0.9 mAolA 780 Cd/m (7.51)E Jggoem oju CIE x = 0.659, v = 0.3295 JERNATH. 49 (27]3 %9
9 2000 cd/m oA 250041 7Fo] L},

F 1
g Axle]l F5 B4 2 B 54
Eavts KNy A5 3= AFas AEas CIE CIE 1 (h)
) mA) | (cd/n) (cd/A) (1m/W) xX) (Y) Z713%1/2
AAA4 1 5.5 0.9 1880 18.8 10.7 0.660 0.322 6000
A4 2 5.5 0.9 2001 20.0 11.4 0.662 0.323 6500
AAld 3 5.4 0.9 1892 18.9 11.0 0.663 0.332 5500
A4 4 5.3 0.9 2024 20.2 12.0 0.665 0.331 6000
Hlnlof 1 6.0 0.9 1173 11.7 6.2 0.606 0.375 4000
Hlalof 2 7.5 0.9 780 7.8 3.3 0.659 0.329 2500
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